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Association between genotype and 
disease complications in Egyptian 
patients with beta thalassemia: A 
Cross-sectional study
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Khaled El Gerby4

In beta thalassemia, the degree of globin chain imbalance is determined by the nature of the mutation of 
the β-gene. β° refers to the complete absence of production of β-globin on the affected allele. β+ refers 
to alleles with some residual production of β-globin. The homozygous state results in severe anemia that 
necessitates regular blood transfusion. On the other hand, frequent blood transfusion can lead to iron 
overload resulting in progressive dysfunction of the heart, Liver as well as multiple endocrinopathies. 
We studied the impact of genotype on the development of disease complications in patients with β 
thalassemia. A Cross sectional study was carried on 73 patients with beta thalassemia. Genotyping was 
determined by DNA sequencing technique. Routine investigations as well as MRI liver and heart were 
performed to assess iron overload. We found that β+β+ was the most common genotype in our patients 
followed by β°β° and β°β+. Mean Liver iron content (LIC) was significantly higher in β°β° compared to 
β°β+ and β+β+ genotypes and mean cardiac T2* was significantly lower in β°β° compared to β°β+ and 
β+β+ genotypes. Hepatic complications, hepatitis C, cardiac complications and some endocrinopathies 
were significantly higher in patients with β°β° genotype compared to other genotypes which explain the 
role of the underlying genetic defect in thalassemia patients in development of disease complications.

β-Thalassemias are inherited hemoglobin disorders which represent major health problem in Mediterranean 
countries1.

The clinical severity of β-thalassemia varies widely ranging from asymptomatic to severe or even fatal entities 
which reflects the degree of imbalance between α- and non-α-globin chains2. More than 300 disease-causing 
mutations have been identified. The broad spectrum of β-thalassemia alleles can produce a wide spectrum of 
diferent β- thalassemia phenotypes3.

Homozygous β-thalassemia is characterized by severe anemia and transfusion dependency4. Excess iron dep-
osition in many tissues as a result of chronic transfusion, increased gastrointestinal iron absorption as a conse-
quence of ineffective erythropoiesis, in addition to the hepcidin–ferroportin axis malfunctions results in organ 
damage, significant morbidity as well as significant mortality in thalassemia patients especially if untreated5.

Hepatic and cardiac dysfunctions as well as multiple endocrine abnormalities are the most encountered disease 
complications due to excessive iron overload6. Many previous data suggested that the clinical severity of the disease 
and development of such complications can be influenced by the type of β-thalassemia mutation and genotype7.

Our aim is to study the association between genotype and phenotype in patients with β-thalassemia.

Results
Demographic, transfusion and chelation characteristics of patients. The mean age of our patients 
was 13.8 years. They were 39 males (53.4%) and 34 females (46.6%). The mean age of start transfusion was 
10 months and the mean transfusion frequency was 4.1 weeks. The mean age of start chelation was 3.1 years. 
Deferasirox was the most commonly used iron chelator followed by Deferiprone and Desferrioxamine (63.9%, 
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18% and 11.5% respectively). The mean compliance was 80.8% and the mean serum ferritin was 3385.8 ng/ml 
(Table 1).

Clinical characteristics and disease complications of patients. Hepatomegaly was present in 41 
patients (56.2%). 19 (26%) patients had hepatitis C. 16 patients (21.9%) had cardiac complications. Splenectomy 
was performed in 14 patients (19.2%). Growth retardation and hypogonadism were the commonest endocrinal 
complications (68.5% and 49.3% respectively).

Mutations and genotypes of patients. IVS 1–1, IVS 1–110 and IVS 1–6 were the commonest mutation 
in our patients (26.7%, 22.6% and 18.5% respectively) (Table 2).

β+β+ was the most common genotype followed by β°β° and β°β+ (49.3%, 37.0% and 13.7% respectively).
Homozygous IVS 1–1, homozygous IVS 1–110 and homozygous IVS 1–6 were the commonest genotypes 

(19.17%, 15.06% and 10.95% respectively) (Table 3).
63% of our patients had the same mutations from both parents (homozygous) while 37% of our patients had 

two different mutations each from one parent (compound heterozygous). Parent consanguinity was present in 
31.5%.

Demographic Data N = 73

Age (years)

Mean ± SD (Range) 13.8 ± 3.9 (6–23)

Gender (n, %)

Males 39 (53.4)

Females 34 (46.6)

Transfusion Data

Mean ± SD (Range)

Age of start (months) 10.0 ± 11.7 (3–84)

Frequency (weeks) 4.1 ± 3.7 (2–24)

Chelation Data

Age of start (years)

Mean ± SD (Range) 3.1 ± 1.4 (2–8)

Type (n, %) N = 61

DFX 39 (63.9)

DFP 11 (18)

DFO 7 (11.5)

DFO + DFX 2 (3.3)

DFO + DFP 2 (3.3)

Compliance (%)

Mean ± SD (Range) 80.8 ± 22.9 (25–100)

Serum Ferritin (ng/ml)

Mean ± SD (Range) 3385.8 ± 1968.9 (900–7430)

Table 1. Clinical characteristics of our patients. SD: Standard deviation; DFX: Deferasirox; DFP: Deferiprone; 
DFO: Desferrioxamine; ng: nanogram; ml: milliliter.

Mutation N = 146 %

IVS 1–1 39 26.7

IVS 1–110 33 22.6

IVS 1–6 27 18.5

IVS 11–745 14 9.6

Codon 39 13 8.9

Codon 5 5 3.4

Promoter 87 4 2.7

Codon 15 4 2.7

IVS 11–848 3 2.0

Codon 37 2 1.4

Codon 44 1 0.7

Codon 27 1 0.7

Table 2. Frequency of different mutations in patients.
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Hepatic and myocardial iron content. The mean liver iron content was 17.4 mg/g dw (range: 1.1–37.2, 
median 16) and mean cardiac T2* was 25.5 ms (range: 11.8–43.9, median 26).

83.6% of our patients had transfusion dependent thalassemia (thalassemia major) and 16.4% had non trans-
fusion dependent thalassemia (thalassemia intermedia).

Genotype- phenotype relationship. Patients of the three genotypes were matched as regards age and 
sex. Patients with β°β° received transfusion and chelation at an earlier time and they received transfusion more 
frequently as opposed to those with β°β+ and β+β+ genotypes. 33.3% of patients with β+β+ genotypes did not 
receive iron chelation at all. Also, Patients with β°β° had poorer compliance and higher levels of serum ferritin in 
comparison to those with β°β+ and β+β+ genotypes (Table 4).

Hepatomegaly and hepatitis C were more prevalent in β°β° as opposed to those with β°β+ and β+β+ geno-
types (81.5%, 60% and 36.1% respectively for hepatomegaly and 40.7%, 40%, 11.1% respectively for Hepatitis C). 
Patients with β°β° were associated with greater prevalence of cardiac complications, growth retardation, hypo-
gonadism, hypothyroidism compared to those with β°β+ and β+β+ genotypes (44.4%, 20% and 5.6% respec-
tively for cardiac complications, 96.3%, 90%, 41.7% respectively for growth retardation, 81.5%, 60.0% and 22.2% 
respectively for hypogonadism and 18.5%, 0.0% and 5.6% respectively for hypothyroidism). Splenectomy was 
significantly higher in patients with β°β° compared to patients with β°β+ and β+β+ (40.7%, 20%, 2.8% respec-
tively) (Table 4).

Patients with β°β° were associated with significantly higher liver and myocardial iron content compared to 
those with β°β+ and β+β+ genotypes where mean LIC was significantly higher in β°β° compared to β°β+ and β+β+ 
genotypes (27.3, 12 and 6.4 mg/g dw respectively) and mean cardiac T2* was significantly lower in β°β° compared 
to β°β+ and β+β+ genotypes (21.3, 26.6 and 33.1 ms respectively) (Table 5).

All patients with thalassemia intermedia belong to β+β+, while all patients with β°β° presented with transfu-
sion dependent thalassemia major.

Relationship between Serum ferritin and demographic, transfusion, chelation characteristics 
and disease complications. There was highly significant positive correlation between serum ferritin and 
each of age (r = 0.43, p < 0.001) and liver iron content (r = 0.79, p < 0.001) and highly significant negative corre-
lation between serum ferritin and each of age of start transfusion (r = −0.56, p < 0.001), frequency of transfusion 
(r = −0.58, p < 0.001), age of start chelation (r = −0.52, p < 0.001), compliance (r = −0.52, p < 0.001) and cardiac 
T2* (r = −0.56, p < 0.001) (Figs 1 and 2).

Genotype N = 73 (N, %) Clinical diagnosis

IVS 1–1 - IVS 1–1 14 (19.17) Thalassemia Major

IVS 1–110 - IVS 1–110 11 (15.06) Thalassemia Major

IVS 1–6 - IVS 1–6 8 (10.95) Thalassemia Intermedia (6 patients)
Thalassemia Major (2 patients)

IVS 1–1 - IVS 1–110 4 (5.47) Thalassemia Major

IVS 11–745 - IVS 11–745 4 (5.47) Thalassemia Major

IVS 1–1 - Codon 39 4 (5.47) Thalassemia Major

IVS 1–110 - IVS 11–745 3 (4.1) Thalassemia Major

Codon 39 - Codon 39 3 (4.1) Thalassemia Major

IVS 1–110 - IVS 1–6 2 (2.73) Thalassemia Major

IVS 1–1 - IVS 11–745 2 (2.73) Thalassemia Major

IVS 1–6 - Codon 39 2 (2.73) Thalassemia Major

Codon 15 - Codon 15 2 (2.73) Thalassemia Major

IVS 1–6 - Promoter 87 2 (2.73) Thalassemia Intermedia

IVS 1–6 - IVS 1–5 2 (2.73) Thalassemia Intermedia

IVS 1–1 - IVS 1–6 1 (1.36) Thalassemia Major

IVS 1–110 - Codon 39 1 (1.36) Thalassemia Major

Codon 44 - Codon 27 1 (1.36) Thalassemia Major

IVS 11–848 - IVS 11–848 1 (1.36) Thalassemia Intermedia

IVS 1–6 - IVS 11–848 1 (1.36) Thalassemia Major

IVS 1–110 - Codon 5 1 (1.36) Thalassemia Major

Codon 37 - Codon 37 1 (1.36) Thalassemia Major

Promoter 87 - Promoter 87 1 (1.36) Thalassemia Intermedia

IVS 1–6 - IVS 11–745 1 (1.36) Thalassemia Major

Codon 5 - Codon 5 1 (1.36) Thalassemia Major

Table 3. Frequency of different genotypes (based on type of mutation) in our patients and their relationship 
with clinical diagnosis.
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Discussion
Although the clinical management of beta thalassemia has changed dramatically, yet there is a wide spectrum of 
complications which arise mainly from obligatory lifelong blood transfusion and the subsequent iron overload8. 
Hepatic diseases remain one of the most important problems among patients with thalassemia. Common causes 
include transfusion-related viral hepatitis (Hepatitis B, C), iron overload, drug toxicity, and biliary disease due to 
gallstones9. Cardiac failure and rhythm disturbances remain the main cause of death among young adults with 
beta thalassemia major10.

Growth retardation, Hypogonadism, hypothyroidism, diabetes mellitus, low bone mass, and hypoparathy-
roidism are still the most common encounterted endocrine problems in young adults with thalasemia major11. 
Previous data suggest that beta thalassemia genotype which determines the disease severity, can also be a key 
contributing factor in development of these complications and due to broad spectrum of β-thalassemia alleles 
different β-thalassemia phenotypes can result12.

In our study, Hepatomegaly was present in 41 patients (56.2%). 19 (26%) of patients had hepatitis C. 16 
patients (21.9%) of our patients had cardiac complications. As regards endocrinal complications, growth retar-
dation and hypogonadism were the commonest ones (68.5% and 49.3% respectively) followed by hypoparathy-
roidism, diabetes mellitus and hypothyroidism (17.8%, 15.1% and 9.6% respectively).

As for prevalence of hepatomegaly in thalassemic patients, variable results were obtained due to differences in 
studied populations and age of included patients. Hashemizadeh et al., found hepatomegaly in 46% of beta thal-
assemia major patients with a mean age of 10.8 years13. Higher percentage (77%) of hepatomegaly was reported 
by Caocci et al. in thalassemic patients with a median age of 10 years14. On the contrary, Grow et al., reported 
lower prevalence of hepatic complications (6.8%) and this can be explained based on that 59.3% of their patients 
were below 10 years15.

Cardiac complications were present in 21.9% of our patients and this is nearly consistent with Grow et al. who 
found cardiac complications in 23.3% of thalassemic patients15. However, Ansari et al. reported lower prevalence 
of cardiac complications (13.2%) in their patients16.

β°β°(n = 27) β°β+ (n = 10) β+β+ (n = 36) Test P

Demographic data

Age (years)

Mean ± SD (range) 14.5 ± 4.3 (8–23) 16.2 ± 4.4 (11–23) 14.0 ± 3.1 (6–22) F = 1.2 0.29

Gender (n, %)

Male 15 (55.6) 5 (50) 19 (52.8) X2 = 0.2 0.9

Female 12 (44.4) 5 (50) 17 (47.2)

Transfusion data

Age of start (months)

Mean ± SD (range) 4.8 ± 2.1 (2–9) 6.6 ± 3.6 (3–12) 16.6 ± 15.8 (2–84) Kw = 56.4 <0.001

Frequency(weeks)

Mean ± SD (range) 2.5 ± 1.0 (2–7) 2.8 ± 0.7 (2–4) 6 ± 4.9(2–24) Kw = 64.9 <0.001

Chelation data

Age of start(years)

Mean ± SD (range) 2.5 ± 1 (2–7) 2.7 ± 0.9 (2–5) 4 ± 1.3 (2–8) F = 21 <0.001

Chelator type (n, %)

DFX 17 (63) 5 (50) 17 (47.2)

X2 = 17.06 0.009

DFO 5 (18.5) 1 (10) 1 (2.8)

DFP 2 (7.4) 3 (30) 6 (16.7)

Combined 3 (11.1) 1 (10) 0 (0.0)

No chelator 0 (0.0) 0 (0.0) 12 (33.3)

Compliance (%)

Mean ± SD (range) 69.6 ± 26 (25–100) 85 ± 17 (50–100) 91.7 ± 14 (50–100) F = 14.9 <0.001

Serum Ferritin (ng/ml)

Mean ± SD (range) 4958 ± 1416 
(1745–7430)

3158 ± 1761 
(1300–7000)

1345 ± 1004 
(280–5000) F = 121.9 <0.001

Hepatomegaly (n, %) 22 (81.5) 6 (60) 13 (36.1) X2 = 25.9 <0.001

Hepatitis C (n, %) 11 (40.7) 4 (40) 4 (11.1) X2 = 16.4 <0.001

Cardiac (n, %) 12 (44.4) 2 (20) 2 (5.6) X2 = 27.3 <0.001

Splenectomy (n, %)

Yes 11 (40.7) 2 (20) 1 (2.8)
X2 = 14.35 <0.001

No 16 (59.3) 8 (80) 35 (97.2)

Table 4. Relationship between genotype and demographic, transfusion, chelation, clinical characteristics 
and disease complications in patients. SD: Standard deviation; DFX: Deferasirox; DFP: Deferiprone; DFO: 
Desferrioxamine; ng: nanogram; ml: millilitre.
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Growth retardation was the commonest disease complication in our study (68.5%). This was supported by 
many other studies with a range from 49.4% to 90.9%15,17,18. Growth retardation in thalassemic patients can be 
attributed to growth hormone neuro-secretary disturbance and secondary growth hormone insensitivity, chronic 
anemia, congestive cardiac failure, haemosiderosis and other endocrine and metabolic disturbances may also be 
contributory factors19.

Hypogonadism was reported in 49.3% of our patients. Higher percentage (54.7% to 69%) was found in some 
studies17,20,21 while, lower prevalence (12.2 to 32.5%) was observed by others19,22.

Diabetes mellitus (DM) was found in 15.1% of our patients. This finding is quite near to Ansari et al., who 
found that the prevalence of DM was 13.2%16. Our results were higher than some studies (8% to 10%)17,22,23 and 
lower than was reported by Jensen et al. (20%). Higher prevalence of DM reported by Jensen et al., was closely 
tied to genotype and age of patients24.

Hypoparathyroidism was present in 17.8% of our patients. Jensen et al. and Gulati et al. found hypoparathy-
roidism in 13% of patients24,25. Lower prevalence of hypoparathyroidism was reported by Toumba et al. (1.2%)22 
and Al Akhras et al. (7%)17.

As for hypothyroidism, it was present in 9.6% of our patients. This finding goes in line with Al Akhras et al., 
and Shamshirsaz et al., where the prevalence of hypothyroidism was 8% and 7.7% respectively17,19. Some studies 
reported higher prevalence of hypothyroidism (17–18%)26–28, while others found low prevalence (0 to 9%)29,30.

Variable results were imputable to differences in studied populations and age of patients.
In our study, IVS 1–1[G > A], IVS 1–110[G > A] and IVS 1–6[T > C] (26.7%, 22.6% and 18.5%, respectively) 

were the commonest mutations. These results were matched with many previous Egyptian studies. Though IVS 
1–1[G > A], IVS 1–110[G > A] and IVS 1–6[T > C] were the commonest mutations in most Egyptian studies yet 
the order of frequency of these mutations is different in these studies17,31–36.

The discrepancy in the order of frequency of these mutations can be attributed to different study populations 
and different sample sizes.

As for Mediterranean populations, Huisman et al., found that the commonest mutations were IVS 
1–110[G > A], IVS 1–6[T > C], IVS 1–1[G > A], promotor 87[C > G], IVS 11–745[C > G] and C39[C > T]. In 
addition, C8 [-AA], C8,/C9[+G], IVS 1–5[G > C], C39[C > T], C44[-C] and IVS 11–828[C > A] were the most 
prevalent mutations in Middle East areas37.

In our study, 63% of our patients had the same mutations from both parents (homozygous) while 37% of 
our patients had two different mutations each from one parent (compound heterozygous). Homozygous IVS 
1–1[G > A], homozygous IVS 1–110[G > A] and homozygous IVS 1–6[T > C] were the commonest genotypes in 
our patients (19.17%, 15.06% and 10.95% respectively).

Figure 1. Correlation between serum ferritin and LIC. There was highly significant positive correlation 
between serum ferritin and LIC.

β°β° (N = 27) β°β+ (N = 10) β+β+ (N = 36) F P

LIC (mg/g dw)

Mean ± SD 27.3 ± 6.7 12 ± 7.9 6.4 ± 4.5
96.09 <0.001

Range 13.4–37.2 1.1–27.2 1.1–16.9

T2* (ms)

Mean ± SD 21.3 ± 7.7 26.6 ± 6.1 33.1 ± 7.1
40.8 <0.001

Range 11.8–43.9 18.2–40.4 13.4–43.6

Table 5. Relationship between genotype and liver iron content and cardiac T2* in our patients.
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Elmezayen et al., found homozygous mutations in 51% and compound heterozygous mutations in 28% of 
patients and reported that the most common genotypes were homozygous IVS 1–6[T > C], IVS 1–110[G > A], 
promotor 87[C > G], IVS 1–6[T > C]/IVS 1–110[G > A] and IVS 1–6[T > C]/IVS 11–848[C > A] (15%, 13%, 6%, 
6% and 6%)36.

On the contrary, El-Shanshory et al. found compound heterozygous mutations to be more common than 
homozygous mutations32. Higher percentage of homozygous mutations (63%) in our study can be attributed to 
the higher consanguineous marriage (31.5%) in our study populations.

In our study, the mean liver iron content was 17.4 mg/g dw and mean cardiac T2* was 25.5 ms. Pathological 
cardiac T2* values (≤20 ms) were found in 16 patients (21.9%).

Our data are matched with those reported by Wood et al., where the mean hepatic iron concentration was 
18.4 ± 3.8 4 mg/g dw and cardiac T2* was 26.1 ± 4.6 ms38. Also our results go in line with Eghbali et al., where 
they found the mean cardiac T2* was 26.46 ± 9.19 ms39. Similarly, Fragasso et al., found the mean cardiac T2* 
was 27 ± 15 ms, pathologic values (≤20 ms) were found in 37 (37%) patients in the thalassemia major cohort and 
mean cardiac T2* were 30 ± 11 ms, pathologic values in 3 (15%) patients in the thalassemia intermedia cohort40.

A large Phase II randomized study (CORDELIA study) included 925 patients with transfusion dependent 
anemia from 11 countries of which 387 patients were from Egypt, revealed higher mean LIC (25.8 mg/g dw) 
compared to our results. Lower mean cardiac T2* values (21.8 ms) were also reported in CORDELIA study than 
ours. Also, higher percentage (36.7%) of pathological cardiac T2* (≤20 ms) were observed in CORDELIA study 
compared to ours41. Lower LIC and higher cardiac T2* in our study compared to CORDELIA study can be attrib-
uted to younger age of our patients than CORDELIA study (13.8 versus 19.8 years respectively). Also CORDELIA 
study included patients other than beta thalassemia (Diamond Blackfan anemia, myelodysplasia and sideroblastic 
anemia).

On the contrary, Verlhac et al. found that median LIC was 6.15 mg/g dw in their study42. Lower LIC in this 
study in comparison to our study can be explained by younger age of their patients (9.9 versus 13.8 years in our 
study). Also, Verlhac included only patients with sickle cell disease with lower transfusion demands and subse-
quent lower iron loading.

In our study, patients with β°β° received transfusion and chelation at an earlier time and they received transfu-
sion more frequently as opposed to those with β°β+ and β+β+ genotypes. 33.3% of patients with β+β+ genotypes 
did not receive iron chelation at all. Also, Patients with β°β° had poorer compliance and higher levels of serum 
ferritin in comparison to those with β°β+ and β+β+ genotypes.

Consistent with our findings, Al Akhras et al. found that patients with the β°β° genotype had more severe phe-
notype and this was evident in the younger age of start transfusion and chelation, as well as the more frequent trans-
fusions in these patients as opposed to patients with other genotypes17. This was also supported by Chern et al.7  
and Skordis et al.43.

In our study, disease complications were significantly higher in patients with β°β° genotype. Our results were 
matched with those reported by Yaman et al., who found that the rate of complications was significantly evident 
(P < 0.05) in patients with β°β° genotype compared to thalassemia intermedia patients with β+β+44.

Also, Winichagoon et al., in their study on 144 patients with beta-thalassemia were divided into mild 
(46 patients), intermediate (55 patients), and severe groups (43 patients) reported that Two alleles of mild 
beta-thalassemia mutation β+β+ thalassemia or β+/Hb E) resulted in a mild clinical symptom whereas two 
alleles of severe beta-thalassemia mutation β°β°produced a severe clinical phenotype45. This was also supported 
by Kattamis and his colleagues46.

Mutations in beta globin gene impact hepatic and myocardial iron overload as well as other disease compli-
cations through their effect on the degree of imbalance between the α- and non-α-globin chains. β°β° genotype 

Figure 2. Correlation between serum ferritin and cardiac T2*. There was highly significant negative correlation 
between serum ferritin and cardiac T2*.
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is associated with higher degree of imbalance between the α- and non-α-globin chains resulting in higher rate 
of hemolysis and increased transfusion frequency with concomitant higher iron overload in liver and heart. 
Genotype can also influence phenotype through the age at which patient started iron chelators with its deleteri-
ous side effects47.

Regarding genotypes of patients with thalassemia intermedia in our study, homozygous IVS 1–6 accounted 
for 50% of patients genotypes and compound heterozygous IVS 1–6 with other mutations accounted for 33.3% of 
patients genotypes while homozygous promotor 87 and homozygous IVS 11–848 accounted for 16.7% of patients 
genotypes. These data should shed light on IVS 1–6 as a benign mutation.

These results are concordant with that observed by Shamoon et al. where IVS-I-6 (T > C) was the most fre-
quently encountered mutation (34.6%) in patients with thalassemia intermedia48.

Our results showed that all patients with thalassemia intermedia belong to β+β+ genotype while all patients 
with β°β° genotype presented with transfusion dependent thalassemia major.

Camaschella et al., in their study on 292 Italian patients, 165 with thalassemia intermedia and 127 with thal-
assemia major reported that homozygousity for mild mutations β+β+ accounts for 24% of the intermedia patients 
and it is not represented among major patients. Forty-four percent of intermedia patients had combinations of 
mild/severe β°β+mutations and 32% had homozygousity or double heterozygosity for severe mutations β°β°, 
Seventy-six percent of patients with thalassemia major were classified in β°β° and 24% in β°β+49.

Limitations in this study were small sample size and patients were from limited geographical areas and not 
representing whole Egypt. Higher study costs was the main reason for our small sample size. Larger multicenter 
studies are still needed to support these findings.

Materials and Methods
A cross sectional study was carried on 73 thalassemia patients (39 males, 34 females) aged over 10 years during 
their follow up visits to hematology outpatient clinic of Zagazig university hospital. Data abstraction form was 
designed to capture appropriate medical information from patients records.

Inclusion criteria. 

•	 Patients with beta thalassemia whether major or intermedia.
•	 Age: ≥6 years old.
•	 Sex: both sex.
•	 Approval to participate in the study and signing the required assent and/or consent forms.

Exclusion criteria. 

•	 Patients with chronic hemolytic anemias other than Beta thalassemia.
•	 Age: <6 years old.
•	 Refusal to participate in the study.

All patients were subjected to the following. 

 a) Full medical history and thorough physical examination.
 b) Assessment of anthropometric measures.
 c) Tanner score for assessment of pubertal status.
 d) Menstrual history in girls.
 e) Routine investigations according to our local standards e.g. CBC, Serum ferritin,Liver function tests, Kid-

ney function tests, hormonal profile [growth hormone basal and after provocation, TSH, free T4, LH, FSH, 
parathormone, estradiol (in girls) and testosterone (in boys)],echocardiography, etc.

 f) Genotyping was done using DNA sequencing technique in hemoglobinopathies laboratory of Ulm Univer-
sity, Ulm, Germany. For DNA analyses, polymerase chain reaction (PCR)-amplified complete sequencing 
of the beta-chain genes was performed. The PCR products were studied as single-strand DNA in compari-
son to normal control samples, and the type of anomaly was determined by comparison of the nucleic acid 
sequence of the altered DNA with that of normal DNA.

 g) MRI liver and heart to determine hepatic and myocardial iron overload using 1.5 Tesla MRI system 
(Philips Intera Achieva; Philips Medical Systems, Best, The Netherlands).

Definitions. 

•	 Short stature was defined as height more than 2 SD below mean for age, sex and race50.
•	 Hypogonadotropic hypogonadism was defined as LH and FSH levels below 2 IU/L, with an estradiol concen-

tration of below 20 pg/mL in girls or a testosterone concentration of below 3 ng/mL in boys7.
•	 Hypogonadism was defined by lack of breast development in girls and lack of testicular enlargement in boys(-

less than 4 ml) as measured by preorcidometer by the age of 16 year51.
•	 Hypothyroidism was defined as a low serum thyroxin (T4 < 4.5 µg/dl and T3 < 82 ng/dl) with an elevated 

serum TSH concentration (>4 µIU/ml)52.
•	 Hypoparathyroidism was defined as low parathormone level (with a reference range from 15–65 pg/ml), low 

total and ionized serum calcium, high serum phosphate, normal serum magnesium and alkaline phosphatase 
levels19.
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•	 Diagnosis of DM was based on measurement of fasting blood glucose level according to American Diabetes 
Association, WHO Criteria and National Diabetes Health Group 197953.

•	 Patients were considered to have cardiac complications if they have positive cardiac history (palpitations, 
irregular heart rate, chest pain, dyspnea, exercise intolerance, nocturnal cough, orthopnea, dependent edema, 
or unexplained fevers) and exam (systemic or pulmonary venous congestion, gallop, and edema) and/or 
abnormal echocardiographic or electrocardiographic findings.

•	 Patients were considered to have Hepatitis C based on a positive PCR result.
•	 Cardiac T2* above 20 ms was considered normal, 15–20 ms: mild cardiac iron overload, 10–15 ms: moderate 

cardiac iron overload and below 10 ms: severe cardiac iron overload. Mean liver iron content (LIC) below 
3 mg/g dw was considered normal. 3–7 mg/g dw: mild liver iron overload, 7–14 mg/g dw: moderate liver iron 
overload and ≥14 mg/g dw: severe liver iron overload54.

Criteria to start chelation therapy. Iron chelation therapy was started after the cumulative transfusion of 
10 units of Packed RBCs or when serum ferritin was greater than 1,000 ng/mL1.

Statistical analysis. SPSS version 20 (IBM SPSS, Armonk, NY, USA) was used for data analysis. 
Mean ± standard deviation was used for quantitative variables, while number and percentage were used for qual-
itative ones. X2 test, t-test, ANOVA, Kruskal Wallis, Mann Whitney and correlation coefficient tests were used 
when appropriate. P < 0.05 and P < 0.001 were considered to indicate significant and highly significant differ-
ences respectively.

Statement of Ethics. The present study was performed according to Helsinki Declaration of 1964, as 
revised in 2000, and was approved by ethics committee of faculty of medicine, Zagazig University. Informed writ-
ten consent and/or assent were obtained from all study participants and/or their care givers.

Availability of Materials and Data
The datasets generated during and/or analyzed during the current study are available from the corresponding 
author on reasonable request.
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