
O R I G I N A L  R E S E A R C H

Molecular Characterization and Disease-Related 
Morbidities of β-Thalassemia Patients from the 
Northeastern Part of Iraq

This article was published in the following Dove Press journal: 
International Journal of General Medicine

Shaema Amin 1 

Sana Jalal 2 

Kosar Ali3 

Luqman Rasool 4 

Tara Osman4 

Omed Ali5 

Abdalhamid M-Saeed4

1Hiwa Hematology/Oncology 
Sulaymaniyah Cancer Center, 
Sulaymaniyah, Iraq; 2Department of 
Pathology, College of Medicine, 
University of Sulaymaniyah, Sulaymaniyah, 
Iraq; 3Department of Medicine, College 
of Medicine, University of Sulaymaniyah, 
Sulaymaniyah, Iraq; 4Thalassemia and 
Congenital Blood Disorders Center, 
Sulaymaniyah, Iraq; 5Otolaryngology 
Head and Neck Surgery Center, 
Sulaymaniyah Teaching Hospital, 
Sulaymaniyah, Iraq 

Background: β-thalassemia is a significant problem in the northeastern part of Iraq, and has 
imposed a huge burden on the health authorities.
Objective: To identify the molecular characterization and morbidity prevalence in transfu-
sion-dependent thalassemia (TDT) and non-transfusion dependent thalassemia (NTDT) phe-
notypes in northeastern Iraq.
Patients and Methods: This is a cross-sectional study conducted on 242 β-thalassemia 
patients from 162 families. Reverse hybridization technique and direct gene sequencing were 
used to characterize β-thalassemia mutations, and medical records of the patients were 
reviewed with a well-designed questionnaire.
Results: A total of 22 β-globin mutations arranged in 53 different genotypes were identified: IVS- 
II-1 (G> A) (35.7%), followed by IVS-I-6 (T> C) (18.0%), and codon 8/9 (+G) (8.5%) were the 
most frequent. Among disease-related morbidities, bone disease amounted to (66.9%), followed by 
endocrinopathies (32.2%), hepatobiliary complications (28.9%), and pulmonary hypertension 
(9.9%), whereas thrombosis, extramedullary hemopoiesis, and leg ulcers were less frequent.
Conclusion: The overall complications rate was 78.9%, with a growing probability of 
complications with advanced age, with evidently higher rates in patients with β0β0 and 
β0β+ genotypes that explain the role of underlying genetic defects in the pathophysiology 
of disease complications.
Keywords: transfusion dependent thalassemia, non-transfusion dependent thalassemia, HBB 
mutations, morbidities, risk factors, Iraq

Introduction
Beta-thalassemia (β-thal) represents a group of recessively inherited disorders of 
hemoglobin synthesis that imposed a significant health burden in the tropical belt 
area, particularly in under-resourced countries, including Iraq.1 The underlying 
pathophysiology of the disease is multifactorial and stems from a reduced or absent 
generation of the β-globin chain of the hemoglobin causing α: β chain imbalance, 
intracellular accumulation of free α-chains, and subsequent red cell destruction 
ending in ineffective erythropoiesis; the hallmark of β-thalassemia.2

Despite the significant progress and availability of different treatment modalities 
in clinical practice, yet there are multiple serious morbidities which arise from 
chronic anemia, and progressive iron accumulation in different organs as 
a consequence of repeated transfusion therapy as well as enhanced iron absorption 
from the gut.3,4
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β-thalassemia is a major public health concern in Iraq, 
including the Kurdistan Region with a carrier rate of 4.1% 
in Sulaymaniyah (northeastern Iraq),5 and an estimated 
prevalence rate of 37.1/100,000 in Iraq.6 The present 
study aimed to identify the molecular characterization, 
and morbidity prevalence in transfusion-dependent thalas-
semia (TDT) and non-transfusion dependent thalassemia 
(NTDT) phenotypes in northeastern Iraq.

Patients and Methods
Patients
A cross-sectional study on 242 β-thalassemia patients from 
162 families was conducted at Sulaymaniyah Thalassemia 
Center between July 2018-August 2019. The medical 
records of the patients were reviewed. The inclusion cri-
teria of NTDT were; age at initial presentation ≥2 years, 
Hb level maintain between 7 and 10 g/dL, and intermittent 
need for blood transfusion for NTDT, while for TDT; age 
at initial presentation <2 years, Hb levels 6–7 g/dl, and 
regular transfusion requirement.7–9

Ethical Approval
All participants provided informed consent, while the par-
ent or legal guardian of participants under the legal age of 
majority in Iraq provided with written informed consent. 
The present study was commenced after obtaining 
approval from the ethical committee at the College of 
Medicine, Sulaymaniyah University, Kurdistan Region of 
Iraq (approval No. 61 on April 16, 2018). All methods 
were performed in accordance with the Helsinki 
Declaration.

Clinical Evaluation
Full medical information regarding family history of tha-
lassemia, patient’s age, age at the diagnosis and first trans-
fusion, transfusion history (frequency of transfusion 
regimen within the last year), bone fracture, any documen-
ted thrombotic event, DM, radiological evidence of EMH, 
parent consanguinity and rate of parenthood were retrieved 
from patients’ electronic records. Details regarding the 
utilization of hydroxyurea treatment and iron-chelating 
drugs within the last year were also recorded. Also, thor-
ough physical examination was performed including eva-
luation of thalassemia facies, height to judge growth 
retardation (height> 2 SD below 3rd percentile for the 
patient age and gender),10 and leg ulceration, the size of 
the liver and spleen (non-splenectomized) was measured, 

with screening for gall bladder calculus by ultrasound 
examination.

Laboratory Findings
Hematological Investigations
Five milliliters of blood was collected from each patient; 
2.5 mL was transferred to an EDTA containing tube and 
the remaining 2.5 mL to a plain tube. The EDTA blood 
samples were used for routine measurement of complete 
blood count with a fully automated hematology analyzer 
(Swelab, Spånga, Sweden), and the estimation of HbA2 

and HbF by high-performance liquid chromatography 
(HPLC) [D-10, Bio-Rad Laboratories, Hercules, CA, 
USA]. Then, the remaining blood in EDTA tubes was 
centrifuged; a buffy coat layer was removed for DNA 
extraction immediately or frozen at −20 for later DNA 
processing. These investigations were performed just 
before the next blood transfusion.

Biochemical and Other Investigations
Serum was used to estimate ferritin levels by Enzyme- 
Linked Immunosorbent Assay (ELISA) (Biokit-USA), 
liver function tests (LFT) (alanine transaminase; ALT), 
blood glucose (mg/dL), virological tests; Hepatitis 
B surface antigen (HBsAg), anti-hepatitis C virus (HCV) 
antibodies and Human Immune Deficiency Virus (HIV) 
antibody 1 and 2 (Plasmatic Laboratory Product-UK). 
Thyroid function test (Thyroid-stimulating hormone TSH 
and free T4), using the enzyme immunoassay (TOSOH- 
Japan) was estimated in patients ≥ 10 years annually 
according to the Thalassemia International Federation 
(TIF) guidelines.11 Subclinical hypothyroidism was diag-
nosed based on high TSH>4.7 μIU/mL combined with 
normal free T4>0.8 ng/dl, while patients with high 
TSH>4.7 μIU/mL and low free T4 <0.8 ng/dl were diag-
nosed as overt hypothyroidism.12

Molecular Investigations
Genomic DNA was extracted from peripheral blood (buffy 
coat) by phenol-chloroform method,13 then the extracted 
DNA was amplified by a multiplex polymerase reaction 
(PCR) with subsequent reverse hybridization to character-
ize 22 common Mediterranean β-thalassemia mutations 
using β-globin StripAssay MED® Kit (Vienna 
Labordiagnostica GmbH, Vienna, Austria). All steps 
were performed in line with the manufacturer’s instruc-
tions. The mutations include: −101 (C> T), −87 (C> G); 
−30 (T> A); codon 5 (-CT); codon 6 (G> A); codon 6 (A> 
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T); codon 6 (-A); codon 8 (-AA); codon 8/9 (+G); codon 
15 (G> A); codon 27 (G> T); IVS I-1 (G> A); IVS I-5 (G> 
C); IVS I-6 -(T>C); IVS I-110 (G> A); IVS I-116 (T> G), 
IVS -I-130 (G> C); codon 39 (C> T); codon 44 (-C); IVS 
II-1 (G> A); IVS II-745 (C> G); IVS II-848 (C> A). 
Direct sequencing of the entire β-globin gene (HBB) was 
performed for 24 patients when reverse hybridization did 
not reveal the underlying β-globin alleles at Kariminejad- 
Najmabadi Pathology and Genetic center in Tehran, Iran 
using the ABI Prism Big Dye Terminator Cycle 
Sequencing Ready Reaction Kit and the ABI Prism 377 
DNA Automatic sequencer (Perkin Elmer, Foster City, 
CA). Screening for -α,3,7 -α,2,4 and the –Med-1 α-thal dele-
tions and α-gene triplication by gap PCR,14 were also 
conducted for the above 24 uncharacterized samples.

Bone Mineral Density Assessment
Patients aged ≥10 years were screened for osteoporosis 
annually by measuring bone mineral density (BMD) using 
Dual Energy X-ray Absorptiometry (DEXA) scan as 
recommended by Thalassemia International Federation 
(TIF).11 According to World Health Organization criteria, 
patients with low BMD and a Z-score of ≤ −2.5 SD below 
the mean for the age and sex-matched control (in patients 
up to the age of 20 years) and T-score of ≤ −2.5 SD (in 
those aged 20 years or more) were considered as osteo-
porosis based on determining the BMD (g/cm2) at the 
lumbar spine (L1-L4) and femoral neck.15,16

Echocardiography Assessment
Screening for PHT was performed by periodic echocardio-
graphy evaluation for all patients at their regular visiting 
dates. Patients detected with pulmonary artery systolic 
pressure (PASP) ≥25 mmHg combined with exertional 
dyspnea at rest and no evidence of left-side heart failure 
were diagnosed as pulmonary hypertension.17

Statistical Analysis
SPSS program (version 21) was applied for data analy-
sis (IBM SPSS Statistical Package for the Social 
Sciences). For quantitative variables, the difference in 
the means was assessed using an independent t-test and 
while comparing the means among several groups was 
performed using the ANOVA test. A Chi-square test was 
used to compare the categorical data among different 
groups of patients. Tukey’s HSD (Honestly Significant 
Difference) was used as a Post-Hoc test for pair 

comparison amongst groups. P -values of ≤ 0.05 were 
used as a cutoff point for the significance of statistical 
tests.

Results
Demographic Data, Clinical 
Characteristics, and Conventional 
Management of β-Thalassemia Patients
A total of 242 β-thal patients from 162 families were 
recruited; including 159 non-transfusion dependent tha-
lassemia (NTDT) and 83 transfusions dependent thalas-
semia (TDT) patients. The mean age was 17 ± 10.2 
years, with a range of (1.4–54 years). They were 129 
males (53.3%) and 113 females (46.7%), with a male: 
female ratio (1.1:1). The mean age at diagnosis and 
initiation of transfusion was 5 ± 6.3 years and 4 ± 5.8 
years, respectively. One hundred twenty-three (50.8%) 
had splenomegaly, with a mean spleen size of 13.8 ± 
3.5cm, 34.3% of which underwent splenectomy. On the 
other hand, 87 thalassemia patients (36%) had hepato-
megaly, with a mean hepatic size of 13.8 ± 2.5cm 
(Table 1). 

As for thalassemia patients’ management, 132 patients 
(54.5%) were on regular transfusion therapy (> 3 times/ 
year), while 77 (31.8%) patients received occasional trans-
fusion regimen (0–3/year); during a severe illness, preg-
nancy, or surgery, whereas 13.6% had never been 
transfused. In addition, 142 patients (58.7%) received iron- 
chelating therapy for at least one-year duration, and 
Deferasirox and Desferoxamine were used in 83.9% and 
16.1%, respectively. In the current study, 84 (34.7%) used 
hydroxyurea therapy and had revealed a potentially lower 
annual transfusion rate (3 ± 5.3), a lower mean s.ferritin 
(695.2 ± 1039.5) and hence, a significantly lower require-
ment for iron chelation therapy, in 18.3% as opposed to 
those patients without hydroxyurea therapy, p-value 
<0.001 (Table 2).

Disease-Associated Morbidities
Bone disease (facial deformity and osteoporosis) was the 
most recurrent morbidity, reported in 162 patients (66.9%), 
followed by endocrinopathies [growth retardation, 
hypothyroidism, and diabetes mellitus (DM)] in 78 
patients (32.2%), hepatobiliary complications [abnormal 
liver function tests (LFT); ALT≥50 IU/l and biliary com-
plications; cholelithiasis and cholecystectomy] in 28.9%, 
and pulmonary hypertension (PHT) in 9.9% (Table 1). 
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Other complications; thrombotic events, leg ulcers, 
and extramedullary hemopoiesis (EMH) were less fre-
quent. No patient with heart failure was identified. 

Moreover, the rate of developing the above-mentioned 
disease-related morbidities increased with age, and this 
was particularly evident in TDT patients (Figure 1).

Table 1 Demographic and Disease Characteristics of 242 β-Thalassemia Patients

Parameter Total (242) NTDT (159) TDT (83) P-value

Age (years)
•<18 144 (59.5) 90 (56.6) 54 (65.1) <0.051

•18–34 82 (33.9) 54 (34.0) 28 (33.7)

•≥35 16 (6.6) 15 (9.4) 1 (1.2)

Splenomegaly 123 (50.8) 93 (58.5) 30 (36.1) <0.001
Mean spleen size ± SD 13.8 ± 3.5 14.4 ± 3.4 12.5 ± 3.3 <0.001

Splenectomized 83 (34.3) 52 (32.7) 31 (37.3) 0.477

Hepatomegaly 87 (36.0) 60 (37.7) 27 (32.5) 0.26
Mean liver size ± SD 13.8 ± 2.5 13.9 ± 2.5 13.5 ± 2.5 0.261

Serum ferritin (μg/l)
•<1000 148 (61.2) 122 (76.7) 26 (31.3) <0.001

•1000–2500 61 (25.2) 26 (16.4) 35 (42.2)

•>2500 33 (13.6) 11 (6.9) 22 (26.5)

Treatment

•None transfused 33 (13.6) 33 (20.7) 0 (0) <0.001
•Occasional transfusion 77 (31.8) 75 (47.2) 2 (2.4) <0.001

•Regular transfusion 132 (54.5) 51 (32.1) 81 (97.6) <0.001

•Iron chelation 142 (58.7) 63 (39.6) 79 (95.2) <0.001
•Hydroxyurea 84 (34.7) 75 (47.2) 9 (10.8) <0.001

Complications
•Bone disease 162 (66.9) 99 (62.3) 63 (75.9) 0.031

▲ Facial deformity 162 (66.9) 99 (62.3) 63 (75.9) 0.031

▲ Osteoporosis 37 (37) 17 (28.3) 20 (50) 0.023
•Endocrinopathies 78 (32.2) 44 (27.7) 34 (41) 0.079

▲ Growth retardation 49 (34) 25 (27.8) 24 (44.4) 0.122

▲ Hypothyroidism 33 (15.5) 22 (16.8) 11 (13.4) 0.418
▲ Diabetes mellitus 5 (2.1) 0 (0) 5 (6.0) 0.002

•Hepatobiliary disease 70 (28.9) 46 (28.9) 24 (28.9) 0.988

▲ High ALT ≥50 IU/l 31 (12.9) 12 (7.5) 19 (23.2) 0.001
▲ Biliary complications 48 (19.9) 41 (25.8) 7 (8.5) 0.044

•Pulmonary hypertension 24 (9.9) 18 (11.3) 6 (7.2) 0.321

•Thrombosis 2 (0.8) 2 (1.3) 0 (0) 0.308
•EMH 1 (0.4) 1 (0.6) 0 (0) 0.469

•Leg ulcer 1 (0.4) 1 (0.6) 0 (0) 0.469

Rate of complications 191 (78.9) 122 (76.7) 69 (83.1) 0.25

Notes: Osteoporosis and hypothyroidism were evaluated in patients ≥10 years old and/or symptomatic, and growth retardation (height >2 SD below 3rd percentile for the 
mean age and gender) was evaluated in patients ≤18 years.

Table 2 Impact of Hydroxyurea Therapy on Disease Characteristics

Hydroxyurea Therapy 
(N, %)

Transfusion/Year 
(Mean ± SD)

s.Ferritin 
(Mean ± SD)

Chelation Therapy 
(N, %)

● Yes 84 (34.7)
● No 158 (65.3)

3 ± 5.3 
10.4 ± 6.5 

P-value <0.001

695.2 ± 1039.5 
1553.4 ± 1584.5 

P-value <0.001

26 (18.3) 
116 (81.7) 

P-value <0.001
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Disease Characteristics and Morbidities 
in TDT and NTDT Patients
Patients with TDT were diagnosed and transfused at an 
earlier age (0.8 ± 0.5 years), and (0.75 ± 0.5 years), respec-
tively in comparison to NTDT patients (7.3 ± 6.9 years), and 
(6.1 ± 6.6 years), respectively p-value <0.001. Further, the 
vast majority of TDT patients enrolled in this study received 
regular blood transfusions and iron chelation therapy, 
97.6%, and 95.2%, respectively, while in contrast, 32.1% 
of NTDT patients required regular transfusions, and in fact, 
20.7% had not been transfused (Figure 2). On the other 
hand, less than half of NTDT patients required occasional 
blood transfusions, though they had received hydroxyurea 
therapy. Additionally, of 83 patients who underwent sple-
nectomy, 62.7% were NTDT patients. Furthermore, s.ferritin 
level≥ 1000 µg/l was more frequently detected in TDT 
patients, p-value <0.001 (Table 1).

Regarding disease-related morbidities, TDT patients 
reported a significantly higher frequency of bone complica-
tions (both facial deformity and osteoporosis) as opposed to 
NTDT (Table 1), and (Figure 3). Likewise, abnormal LFT 
and growth retardation were more frequent in patients with 
TDT, and DM was only detected in this phenotype. In 
contrast, biliary complications, PHT, and hypothyroidism 
were more prevalent among NTDT patients, with thrombo-
sis, EMH, and leg ulcers only encountered in this group. The 
reported complications rate in this study was 78.9%, with 

a slightly higher rate in TDT in comparison to NTDT 
patients, 83.1% vs 76.7%, respectively (Table 1).

Furthermore, osteoporosis and abnormal LFT were less 
frequently observed among patients who used hydroxyurea 
therapy, on the other hand, high ALT ≥50 IU/l was more 
frequently reported among patients with ferritin levels 
≥1000 μg/l, patients on regular transfusion and iron chela-
tion therapy, p-value <0.001. Moreover, pulmonary hyper-
tension and biliary complications were significantly 
reported among splenectomized patients, p-value 0.033. 
Additionally, the later complication was significantly docu-
mented among patients on occasional transfusion therapy 
and patients ≥18 years old, p-value <0.001 (Table 3).

Laboratory Results
Hemoglobin (Hb) level at the time of the study ranged between 
4.1–13.8 g/dl with a mean of 8.8 ± 1.3 g/dl. The mean MCV 
and MCH were 74.4 ± 9.7 fl and 25.6 ± 3.8 pg, respectively. Hb 
F at first presentation ranged between 4.6% −99.8% with 
a mean of 65.7 ± 34.8%, while mean Hb A2 was 3.2 ± 2.3% 
with a range of 0.2% – 11.2%. Also, the s.ferritin level ranged 
between 27–9882 μg/l with a mean of 1250.5 ± 1472.5 μg/l. 
Moreover, 31 patients (12.8%) had been diagnosed with abnor-
mal LFT, over 90% of which had s. ferritin ≥ 1000 µg/l and 
received iron chelation therapy, 12 (38.7%) had hepatomegaly 
and 6 (19.4%) were HCV positive. The mean TSH was 3.5± 
2µIU/mL, with a range of (0.4–15.3), with no significant 

Figure 1 Frequency of disease-related morbidities among 242 β-thalassemia patients at different age intervals.
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Figure 3 Distribution of disease-related morbidities among 242 β-thalassemia patients.
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difference between TDT and NTDT patients. Lastly, Hb, MCV, 
MCH, ALT, s.ferritin, and HCV infection differed significantly 
between TDT and NTDT patients (Table 4).

β-Thalassemia Mutations and Genotypes 
of Patients
Among 484 alleles from 242 β-thalassemia patients, a total 
of 22 β-globin alleles were identified, 12 of which were β0, 

9 were β+, with a single dominant β-thalassemia like 
mutation codon 127 (A >G). The three most frequent β- 
thal mutations were: IVS-II-1 (G >A), followed by IVS- 
I-6 (T >C), and codon 8/9; 35.7%, 18.0%, and 8.5%, 
respectively. Other mutations were less frequent (Table 
5). Fourteen β-thal mutations were determined by reverse 
hybridization, while the remaining 8 mutations were iden-
tified by direct sequencing: IVS-I-128, CAP +1 (A> C), 

Table 3 Univariate Analysis of Disease-Related Morbidities Among 242 β-Thalassemia Patients

Hypothyroidism 
(n= 33)

Osteoporosis 
(n= 37)

Biliary Disease 
(n= 48)

Abnormal 
LFT 
(n= 31)

Pulmonary 
Hypertension 
(n= 24)

Age (Years)
<18 years (n= 144) 19 16 8 19 11
18–34 years (n = 82) 13 18 32 11 11

≥ 35 years (n= 16) 1 3 8 1 2

P value 0.618 0.662 <0.001 0.778 0.316

Gender
Male (n= 129) 16 23 20 19 12

Female (n= 113) 17 14 28 12 12

P value 0.589 0.113 0.082 0.311 0.762

Ferritin level (μg/l)
< 1000 (n =148) 24 23 34 2 12
1000–2500 (n = 61)  

>2500 (n= 33)

5 

4

8 

6

11 

3

10 

19

8 

4

P value 0.113 0.833 0.122 < 0.001 0.422

Hemoglobin level (g/dL)
<9 (n = 142) 20 27 16 21 15
≥ 9 (n = 97) 13 10 32 10 9

P value 0.755 0.055 <0.001 0.326 0.737

Splenectomy
Yes (n = 83) 6 23 38 14 13

No (n = 159) 27 14 10 17 11
P value 0.031 0.781 <0.001 0.212 0.033

Transfusion/Year
None (n = 33) 2 2 4 0 1

Occasional (n = 77) 16 9 29 4 9

Regular (n = 132) 15 26 15 27 14
P value 0.074 0.401 <0.001 <0.001 0.319

Iron chelation (n=242)
No chelation (n = 100) 15 6 18 1 4

Yes chelation (n = 142) 18 31 30 30 20

P value 0.168 0.577 0.588 <0.001 0.014

Hydroxyurea
Yes (n = 84) 15 6 22 5 10
No (n= 158) 18 31 26 26 14

P value 0.191 0.011 0.061 0.011 0.488
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codon 36/37, codon 25/26, codon 82/82, codon 127, +20/ 
IVS-II-745, and IVS-II-850.

In the current study, 53 various genotypes were identi-
fied; homozygous IVS-II-1, homozygous IVS-I-6, and 
compound heterozygous IVS-II-1/codon 8/9 were the 
most frequent (Table 6). The commonest genotype 
among NTDT patients was homozygous IVS-II-1, as 
opposed to homozygous codon 8/9 in TDT patients. 
Homozygous mutations were determined in (76.3%) 
patients, of which, 62.9% were the result of the consan-
guineous marriage, p-value <0.001, and parent consangui-
nity rate was determined in 52.5%.

Clinical Characteristics of the Studied 
Genotypes
Patients with β0β0 and β0β+ genotypes were diagnosed 
earlier and had an earlier onset of blood transfusion in 
comparison to the β+β+ genotype. Their HbA2 level was 
the lowest and Hb F was the highest. Generally, the above 
genotypes had a higher frequency of disease morbidities, 
though not at significant levels when compared with β+β+ 

genotype (apart from facial deformity) (Table 7). 

Discussion
Our study has highlighted the molecular defects of TDT 
and NTDT and explained the differential clinical picture, 
proportion of disease complications, and management 
options in both disease phenotypes.

IVS-II-1 (G> A) (the Mediterranean β 0 thal mutation) was 
the most prevalent mutation detected in this study (35.7%) 
with the highest frequency (47.2%) among NTDT patients in 
consistence with earlier studies from central Iraq,18 and 
Iran.19,20 In contrast, studies from other Kurdish provinces- 
Iraq,21,22 Turkey,23 Lebanon,9 and Egypt24 revealed the IVS- 
I-6 (Mediterranean β+ thal mutation), which is the second 
common β-thal mutation reported in this study and among 
NTDT patients, as the most frequent mutation.

The third most recurrent mutation, codon 8/9 (+G) (β0 

Asian Indian mutation), was more frequent in TDT patients 
in agreement with an earlier small-sized study from 
Sulaymaniyah.25 However, IVS-II-1 is shown to be the most 
common β-thal mutation in TDT patients in earlier studies 
from Iraq,26–28 Iran,19 and Kuwait.29 Further, IVS-I-110 
(Mediterranean β+ thal mutation) was the most frequent muta-
tion in studies from Turkey,30 Egypt,31 and Lebanon.32 The 

Table 4 Laboratory Investigations of 242 β-Thalassemia Patients in the Current Study

Laboratory Tests Mean ± SD, Range P-value

Total NTDT TDT

Hb (g/dl) 8.8 ± 1.3 

(4.1–13.8)

8.9 ± 1.4 

(4.1-13.9)

8.5 ± 0.9 

(5.5–9.1)

0.013

MCV (fl) 74.4 ± 9.7  

(48.7–116.2)

72.0 ± 10.6 

(48.7–116.2)

78.9 ± 5.1 

(62.5–96.4)

<0.001

MCH (pg) 25.6 ± 3.8 

(15.8–38.2)

24.4 ± 4 

(15.8–38.2)

27.8 ± 1.9 

(21.4–33.6)

<0.001

Hb F (%) 65.7 ± 34.8 

(4.6–99.8)

65.7 ± 34.8 

(4.6–99.5)

64.4 ± 35.8 

(6.2–99.8)

0.917

Hb A2 (%) 3.2 ± 2.3 

(0.2–11.2)

3.2 ± 2.2 

(0.4–8.4)

3.2 ± 3.2 

(0.2–11.2)

0.933

Serum Ferritin (μg/l) 1250.5 ± 1472.5 (27–9882) 853.3 ± 1192.7 (27–9882) 2006.2 ± 1665.3 (300–9391) <0.001

TSH (μIU/mL) 3.5 ± 2 

(0.4–15.3)

3.5 ± 1.9 

(0.4–14.8)

3.5 ± 2.1 

(1.2–15.3)

0.969

ALT (IU/L) 28.3 ± 28.4 

(6.0–198)

23.4 ± 23.8 

(6.0–158)

37.5 ± 33.8 

(9.0–198)

<0.001

Free T4 (Pmol/L) 18.3 ± 2.9 

(14–27.6)

18.6 ± 2.8 

(14.7–27.6)

17.0 ± 3.1 

(14–22.9)

0.173

HCV infection (n, %) 40 (16.5) 18 (11.3) 22 (26.8) 0.039
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discrepancy in the prevalence of frequent mutations is attrib-
uted to different study populations and different sample sizes.

Although β+ thal mutations (β+/β+ or β0/β+) have con-
tributed to 40.9% of NTDT genotypes included in this 
study, NTDT had an evidently less severe phenotype 
regarding the age of diagnosis, frequency of transfusion, 
and the frequency of most of the disease-related complica-
tions. This would highly propose the coinheritance of 
disease modifiers such as single nucleotide polymorphism 
in the three major quantitative trait loci (QTLs) to induce 
Hb F synthesis and/or inheritance of α-thalassemia to 
modify the unbalance between α: β globin chains and 
subsequently less ineffective erythropoiesis.33

Conventional management of TDT patients at our cen-
ter complies with clinical management guidelines of 
Thalassemia International Federation,34 which comprised 

regular transfusion to maintain Hb>9–10 g/dl and iron 
chelation therapy to prevent iron-related toxicity. 
Likewise, our figure of splenectomy (37.3%) is within 
the range reported from Iraq and neighboring countries 
(11.3%-95%),6,30,35,36 though, the indications of splenect-
omy needs to be revisited and restricted to selected cases 
to avert the risk of hypercoagulability and overwhelming 
infection post-splenectomy.37

As for NTDT, the transfusion regimen implemented 
was individually tailored to meet patients’ demands, and 
only 32.1% of NTDT received regular blood transfusions, 
39.6% required iron chelation therapy while 32.7% were 
splenectomized. These figures are lower in comparison to 
figures reported by the “Optimal Care Study,”38 while we 
have reported a higher proportion of NTDT patients 
(47.2%) receiving hydroxyurea.38,39 Interestingly, our 

Table 5 The Reported β-Globin Gene Mutations in the Current Study

β-Thalassemia Mutations HGVS Nomenclature Total NTDT TDT

β+

1. IVS I.6 (T> C) HBB:c.92+6T> C 87 (18.0) 74 (23.3) 13 (7.8)

2. IVS I.110 (G> A) HBB:c.93–21G> A 29 (6.0) 16 (5) 13 (7.8)
3. IVS I.5 (G> C) HBB: c.92+5G>C 27 (5.6) 1 (0.3) 26 (15.7)

4. IVS I.128 (T> G) HBB: c.93–3T>G 10 (2.0) 8 (2.5) 2 (1.2)
5. IVS II.745 (C> G) HBB:c.316–106C> G 8 (1.7) 2 (0.6) 6 (3.6)

6. CAP +1 (A-> C) HBB:c.-50A> C 2 (0.4) 2 (0.6) 0 (0)

7. −101 (C>T) HBB:c.-151C> T 1 (0.2) 1 (0.3) 0 (0)
8. −30 (T>A) HBB:c.-80T> A 1 (0.2) 0 (0) 1 (0.6)

9. +20 (C>T) HBB:c.-31C> T 1 (0.2) 1 (0.3) 0 (0)

Total 166 (34.3) 105 (33) 61 (36.7)

β0

1. IVS II.1 (G> A) HBB: c.315+1G>A 173 (35.7) 150 (47.2) 23 (13.9)

2. Cod 8/9 (+G) HBB:c.27–28insG 41 (8.5) 11 (3.5) 30 (18.1)
3. IVS I.1 (G> A) HBB:c.92+1G> A 27 (5.6) 15 (4.7) 12 (7.2)

4. Codon 8 (-AA) HBB:c.25–26del/AA 26 (5.4) 15 (4.7) 11 (6.6)

5. Cod 5 (-CT) HBB:c.17–18del/CT 19 (3.9) 6 (1.9) 13 (7.8)
6. Cod 39 (C> T) HBB: c.118C>T 8 (1.7) 3 (0.9) 5 (3.0)

7. Cod 44 (-C) HBB: c.135delC 8 (1.7) 2 (0.6) 6 (3.6)

8. Cod 36/37 (-T) HBB: c.112delT 4 (0.8) 2 (0.6) 2 (1.2)
9. Cod 25/26 (+T) HBB:c.78–79insT 2 (0.4) 0(0) 2 (1.2)

10. Cod 82–83 (-G) HBB: c.251delG 2 (0.4) 1 (0.3) 1 (0.6)

11. Cod 15 (TGG>TGA) HBB:c.48G> A 1 (0.2) 1 (0.3) 0 (0)
12. IVS II.850 (G> T) HBB:c.316–1G> T 1 (0.2) 1 (0.3) 0 (0)

Total 312 (64.5) 207 (65.1) 105 (63.3)

Wild 5 (1.0) 5 (1.6) 0 (0)

Dominant like β-thalassemia Cod 127 (A> G) HBB:c.383A> G 1 (0.2) 1 (0.3) 0 (0)

Total 22 alleles 484 318 166
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Table 6 Genotypes of 242 Thalassemia Patients in the Current Study

Genotypes Total NTDT TDT

β0/β0

1. IVS II.1 (G> A)/IVS II.1 (G> A) 60 (24.8) 57 (35.9) 3 (3.6)

2. IVS II.1 (G> A)/Cod 8/9 (+G) 10 (4.1) 5 (3.2) 5 (6.0)
3. Cod 8/9 (+G)/Cod 8/9 (+G) 6 (2.5) 0 (0) 6 (7.2)

4. IVS I.1 (G> A)/IVS I.1 (G> A) 6 (2.5) 2 (1.3) 4 (4.8)
5. Cod 5 (-CT)/Cod 5 (-CT) 5 (2.1) 1 (0.6) 4 (4.8)

6. Cod 8 (-AA)/Cod 8 (-AA) 5 (2.1) 2 (1.3) 3 (3.6)

7. Cod 8 (-AA)/IVS II.1 (G> A) 5 (2.1) 4 (2.5) 1 (1.2)
8. IVS I.1 (G> A)/IVS II.1 (G> A) 5 (2.1) 4 (2.5) 1 (1.2)

9. Cod 44 (-C)/Cod 44 (-C) 4 (1.7) 1 (0.6) 3 (3.6)

10. Cod 8 (-AA)/Cod 8/9 (+G) 4 (1.7) 3 (1.9) 1 (1.2)
11. IVSI.1 (G>A)/Cod 8/9 (+G) 3 (1.2) 0 (0) 3 (3.6)

12. Cod 39 (C> T)/Cod 39 (C> T) 2 (0.8) 0 (0) 2 (2.4)

13. Cod 39 (C> T)/IVS II.1 (G> A) 2 (0.8) 2 (1.3) 0 (0)
14. Cod 5 (-CT)/IVS II.1 (G> A) 2 (0.8) 2 (1.3) 0 (0)

15. Cod 8 (-AA)/IVS I.1 (G> A) 2 (0.8) 2 (1.3) 0 (0)

16. IVS II.1 (G> A)/Cod 36/37 (-T) 2 (0.8) 2 (1.3) 0 (0)
17. Cod 36/37 (-T)/Cod 36/37 (-T) 1 (0.4) 0 (0) 1 (1.2)

18. Cod 5 (-CT)/Cod 82–82 (-G) 1 (0.4) 0 (0) 1 (1.2)

19. Cod 5 (-CT)/Cod 8/9 (+G) 1 (0.4) 0 (0) 1 (1.2)
20. IVS II.1 (G> A)/Cod 15 (G> A) 1 (0.4) 1 (0.6) 0 (0)

21. IVS II.1 (G> A)/Cod 82–83 (-G) 1 (0.4) 1 (0.6) 0 (0)

Total 128 (52.9) 89 (56) 39 (47)

β+/β+

1. IVS I.6 (T> C)/IVS I.6 (T> C)

2. IVS I.110 (G> A)/IVS I.110 (G> A)

3. IVS I.5 (G> C)/IVS I.5 (G> C)
4. IVS I.5 (G> C)/IVS I.6 (T> C)

5. IVS II.745 (C> G)/IVS II.745 (C> G)

6. IVS I.128 (T> G)/IVS I.128 (T> G)
7. IVS I.128 (T> G)/IVS I.110 (G> A)

8. IVS I.6 (T> C)/IVS II.745 (C> G)

32 (13.2) 

6 (2.5) 
5 (2.1) 

4 (1.7) 

3 (1.2) 
2 (0.8) 

2 (0.8) 

1 (0.4)

30 (18.9) 

4 (2.5) 
0 (0) 

0 (0) 

0 (0) 
2 (1.3) 

1 (0.6) 

1 (0.6)

2 (2.4) 

2 (2.4) 
5 (6.0) 

4 (4.8) 

3 (3.6) 
0 (0) 

1 (1.2) 

0 (0)

Total 55 (22.7) 38 (23.9) 17 (20.5)

β0/β+

1. IVS II.1 (G> A)/IVS I.6 (T> C) 9 (3.7) 7 (4.4) 2 (2.4)
2. IVS II.1 (G> A)/IVS I.110 (G> A) 7 (2.9) 4 (2.5) 3 (3.6)

3. IVS II.1 (G> A)/IVS I.5 (G> C) 6 (2.5) 1 (0.6) 5 (6.0)

4. Cod 8/9 (+G)/IVS I.110 (G> A) 5 (2.1) 2 (1.3) 3 (3.6)
5. Cod 8/9 (+G)/IVS I.5 (G> C) 3 (1.2) 0 (0) 3 (3.6)

6. Cod 5 (-CT)/IVS I.128 (T> G) 2 (0.8) 2 (1.3) 0 (0)

7. Cod 5 (-CT)/IVS I.6 (T> C) 2 (0.8) 0 (0) 2 (2.4)
8. Cod 8 (-AA)/IVS I.110 (G> A) 2 (0.8) 1 (0.6) 1 (1.2)

9. IVS I.1 (G> A)/CAP +1 (A> C) 2 (0.8) 2 (1.3) 0 (0)

10. IVS I.1 (G> A)/IVS I.6 (T> C) 2 (0.8) 2 (1.3) 0 (0)
11. Cod 39 (C> T)/IVS I.6 (T> C) 2 (0.8) 1 (0.6) 1 (1.2)

12. Cod 8 (-AA)/IVS I.5 (G> C) 2 (0.8) 0 (0) 2 (2.4)

13. Cod 25/26 (+T)/IVS I.5 (G> C) 2 (0.8) 0 (0) 2 (2.4)

(Continued)
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data on hydroxyurea therapy in thalassemia patients is 
supporting previous encouraging results from optimal 
care study and a single report evaluating 6 years of hydro-
xyurea therapy in NTDT.40 Eighty-four β-thal patients 
(including 9 TDT) used this Hb F inducer and revealed 
a potentially lower s.ferritin, annual transfusion frequency, 
and chelation therapy requirement (Table 2), illustrating 
the effect of hydroxyurea in improving α: β globin chain 
imbalance and eventually more effective erythropoiesis.

Disease complications were encountered in 78.9% of 
the enrolled patients and the rate was more frequent 
among TDT patients. The discrepancy in the multimorbid-
ity profile of TDT and NTDT has been attributed to the 
difference in the underlying genotype and clinical manage-
ment lines (transfusion frequency, chelation, more frequent 
splenectomy and the use of fetal hemoglobin inducing 
therapy).38,41

Bone abnormalities, the most prevalent morbidity 
documented in this study, were detected at a higher fre-
quency among TDT patients, while it was reported to be 
more profound in NTDT,38,42 as a result of chronic ane-
mia, enhanced ineffective erythropoiesis, and consequent 
bone marrow expansion. This variation might be attributed 
to the more frequent use of hydroxyurea in just less than 
half of our NTDT patients, with further support by iron 
chelation therapy (39.6% of NTDT patients) to lower the 
rate of bone complications to 62.3% vs 75.9% in TDT, 
p-value = 0.031 (Table 1), in consistence with previous 
studies.38,41 However, this high prevalence of bone com-
plications warrants close follow-up with early and appro-
priate initiation of therapy.

Endocrine abnormalities are among the most common 
complications of β-thalassemia.43 A lower prevalence of 
endocrine diseases was reported among NTDT patients 
which might be related to the lower extent of blood trans-
fusion, slower iron accumulation rate, and hepatic predo-
minance of iron-loading,44 in agreement with our figures 
(Figure 3).

Unlike previous reports,28,35 hypothyroidism (97.1% 
subclinical) was diagnosed at a higher frequency in 
NTDT compared to TDT (Figure 3). As for DM, it was 
also observed in well transfused and regularly chelated 
TDT patients,34 suggesting the role of other factors in 
the pathogenesis including individual sensitivity to iron 
and chronic anemia. Five TDT patients were identified 
with DM in this study; two had s.ferritin ≥1000 μg/l.

Among different body organs susceptible to damage in 
β-thalassemia patients, the liver represents a major target 
and iron overload is considered as the most important 
single cause, while HCV infection is the second acting in 
synergy, particularly to increase the risk of hepatocellular 
carcinoma. Drug toxicity (chelation therapy) is an added 
risk factor.45,46

The total frequency of hepatobiliary complications in 
this study was the same for TDT and NTDT patients, at 
28.9% (Table 1). However, abnormal LFT was more pre-
valent among TDT, explained by a significantly higher 
frequency of raised s.ferritin ≥1000 μg/l, and HCV infec-
tion together with regular iron chelation therapy 
requirements,45,47 whereas biliary complications were 
more common in NTDT patients (Figure 3).

Table 6 (Continued). 

Genotypes Total NTDT TDT

14. IVS I.1 (G> A)/-101 (C>T) 1 (0.4) 1 (0.6) 0 (0)

15. Cod 5 (-CT)/IVS I.110 (G> A) 1 (0.4) 0 (0) 1 (1.2)

16. Cod 8 (-AA)/IVS I.6 (T> C) 1 (0.4) 1 (0.6) 0 (0)
17. Cod 8/9 (+G)/- 30 (T>A) 1 (0.4) 0 (0) 1 (1.2)

18. Cod 8/9 (+G)/IVS I.128 (T> G) 1 (0.4) 0 (0) 1 (1.2)

19. Cod 8/9 (+G)/IVS I.6 (T> C) 1 (0.4) 1 (0.6) 0 (0)
20. IVS II.850 (G> T)/IVS I.6 (T> C) 1 (0.4) 1 (0.6) 0 (0)

21. IVS II.1 (G> A)/IVS I.128 (T> G) 1 (0.4) 1 (0.6) 0 (0)

Total 54 (22.3) 27 (17) 27 (32.5)

β+/wt +20 (C> T), IVS II.745 (C> G)/wt 2 (0.8) 2 (1.25) 0 (0)
β0/wt IVS II.1 (G> A)/wt (ααα anti3,7) 2(0.8) 2 (1.25) 0(0)

Dominant like β-thalassemia Cod 127 (A> G)/wt 1(0.4) 1 (0.6) 0(0)

Total 53 genotypes 242 159 83
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Table 7 Genotype Correlation with Different Parameters

β+/β+ (n=55) β+/β 0 (n=54) β 0/β 0 (n=128) P value

Age at diagnosis (Years)
Mean ± SD 6.14 ± 8.9 3.02 ± 2.9 4.88 ± 5.4 0.028

Age at first transfusion

Mean ± SD 4.94 ± 9.2 2.61 ± 2.8 3.67 ± 4.2 0.124

Transfusion/year
● No 16.4 9.3 14.8 0.510
● Yes 83.6 90.7 85.2

Iron chelation
● Yes 49.1 64.8 60.2 0.219
● No 50.9 35.2 39.8

HbA2%
● <3.5 10% 72.7 93.4 <0.001
● ≥ 3.5 90% 27.3 6.6

Hb F %
● <50.0 90% 13.6 9.5 <0.001
● ≥ 50 10% 86.4 90.5

Splenectomy
● Yes 35.2 33.3 33.9 0.977
● No 64.8 66.7 66.1

PHT
● Yes 3.7 14.8 10.4 0.152
● No 96.3 85.2 89.6

Hepatomegaly
● Yes 31.5 31.5 43.2 0.181
● No 68.5 68.5 56.8

Hepatitis C infection
● Yes 16.7 11.1 19.2 0.410
● No 83.3 88.9 80.8

Osteoporosis
● Yes 38.1 32 39.2 0.816
● No 61.9 68 60.8

Biliary complications
● Yes 24.1 9.3 20 0.113
● No 75.9 90.7 80

Hypothyroidism
● No 84.9 83.0 86.1 0.870
● Yes 15.1 17.0 13.9

Growth retardation
● Yes 45.2 22.5 43.9 0.052
● No 54.8 77.5 56.1

ALT
● ALT ≥50 7.5 11.1 16.9 0.211
● ALT <50 92.5 88.9 83.1

(Continued)
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The higher frequency of biliary complications 
observed in NTDT had been supported by earlier 
studies,35,41 and explained by the underlying chronic 
hemolytic anemia.48 Furthermore, it was significantly 
reported among splenectomized patients and patients 
aged ≥18 years old (Table 3), in agreement with earlier 
results.38,48,49 Furthermore, 75 (31%) β-thal patients 
enrolled had hepatomegaly with normal LFT, half of 
them used iron chelation therapy, 25.3% were positive 
for HCV infection and 22.7% had s.ferritin ≥1000 μg/l. 
In view of the above findings, a monthly follow-up of 
hepatic transaminases is justified for the early detection 
of hepatic complications.

Another potential complication reported in this study 
was PHT, a disease progression complication in the 
absence or inappropriate blood transfusion, its prevalence 
was higher in NTDT patients in consistent with other 
studies.35,50 Chronic thromboembolism has been also 
implicated in the pathophysiology of this morbidity, in 
particular patients who underwent splenectomy,51 in accor-
dance with our result (Table 3). Besides, this study had 
revealed that the rate of PHT was frequently observed in 
patients who used chelation therapy in contrast to other 
reports,38,50 where iron chelation had reduced the inci-
dence of PHT. This finding can be attributed to the small 
sample size of patients (24) with PHT.

Despite compliance with the management guidelines 
for thalassemia patients, we have reported a high compli-
cation rate, with an increased probability of complications 
with advanced age (Figure 1). Additionally, since access to 
blood for transfusion therapy in limited-resource countries 
is a challenge and poses a considerable health burden,51 

a preventive program for hemoglobinopathies based on the 
concept of premarital screening, counseling, and the pre-
natal diagnosis was the only viable option in 

Sulaymaniyah/Iraq to minimize the birth of affected 
fetuses. Sulaymaniyah Hemoglobinopathies Preventive 
Program started in 2008, and over the first 5 years, the 
program has succeeded to reduce the birth of affected 
fetuses by hemoglobinopathies by 65%, and can possibly 
serve as a prototype for other regional programs.52

Limitations of the current study are using s.ferritin to 
estimate the iron overload instead of liver R2 magnetic 
imaging, and measuring PASP by Doppler 
Echocardiography to determine PHT instead of right heart 
catheterization. Furthermore, genetic modifiers including 
coinheritance of α-thalassemia and QTL polymorphism 
were not performed due to the lack of financial support.

Conclusions
The current study, the largest from Iraq and Kurdistan 
region on β-thalassemia patients, revealed that β0 was the 
most frequent β-thal mutation, a result that is rather dis-
tinct from earlier reports of Iraq and nearby countries. 
Additionally, using hydroxyurea therapy among NTDT 
patients resulted in potentially lower serum ferritin, trans-
fusion, and chelation therapy requirements. Furthermore, 
the high complications rate in limited-resource countries 
predestines timely medical interference to curtail these 
complications before reaching the point of irreversibility.

Moreover, the role of genetic modifiers of disease 
severity needs to be addressed in future studies for 
a better understanding of disease pathophysiology. In the 
end, a feasible regional preventive program is the key to 
reduce the number of affected births in thalassemia high 
prevalence settings.

Abbreviations
β-thal, Beta-thalassemia; TDT, Transfusion Dependent 
Thalassemia; NTDT, Non-transfusion Dependent 

Table 7 (Continued). 

β+/β+ (n=55) β+/β 0 (n=54) β 0/β 0 (n=128) P value

Ferritin level
● < 1000 68.5 57.4 60.8 0.561
● 1000–2500
● >2500

24.1 
7.4

27.8 
14.8

23.2 
16.0

Facial deformity
● Yes 54.5 64.8 73.4 0.041
● No 45.5 35.2 26.6

Notes: Osteoporosis and hypothyroidism were evaluated in patients ≥10 years old and/or symptomatic, and growth retardation (height>2 SD below 3rd percentile for the 
mean age and gender) was evaluated in patients ≤18 years.
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Thalassemia; DM, Diabetes Mellitus; EMH, Extra Medullary 
Hemopoiesis; EDTA, Ethylene Diamine Tetra Acetic acid; 
HPLC, High-Performance Liquid Chromatography; ELISA, 
Enzyme-Linked Immunosorbent Assay; LFT, Liver Function 
Test; ALT, Alanine Transaminase; TSH, Thyroid Stimulating 
Hormone; PCR, Polymerase Chain Reaction; BMD, Bone 
Mineral Density; DEXA, Dual Energy X-ray 
Absorptiometry; TIF, Thalassemia International Federation; 
PHT, Pulmonary Hypertension; PASP, Pulmonary Artery 
Systolic Pressure; s.ferritin, Serum Ferritin; Hb, 
Hemoglobin; MCV, Mean Corpuscular Volume; MCH, 
Mean Corpuscular Hemoglobin; HCV, Hepatitis C Virus; 
QTL, Quantitative Trait Loci.
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