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ABSTRACT: 
Beta- thalassemia major is a type of inherited blood disorder, characterized by impaired synthesis of the beta chains. Currently, 
blood transfusion and sufficient iron chelation therapy are important for treatment and follow up of thalassemia patients. 
Unfortunately, repeated blood transfusion causes the progressive iron overload. Consequently, the excess iron is deposited as 
hemosiderin and ferritin in the tissues and multiple endocrine complications. In comparison with healthy control group, the results 
indicated significant (p<0.05) increased TSH level (3.86 ± 2.7 1µIU/ml), whereas the serum level of T4 hormone did not 
significantly differ between the two groups. In the thalassemia patients, 23.68% (9/38) had subclinical hypothyroidism. The mean 
level of estradiol in patients (30.60± 14.68pg/ml) is high significant (p< 0.01) decreased that compared with the control persons 
(13.83 ± 9.06 pg/ml) more than 13 years. Testosterone level in patients was significantly different (P< 0.001) respectively from 
the control group.  The mean of testosterone level was 1.22± 0.83 ng/ml  in thalassemia patients and 3.71± 1.32ng/ml in control 
group more than 14 years. These results indicate high prevalence hypothyroidism and puberty defection. Endocrine drugs 
supplementation is a safe for patients which have each type of endocrine disorders. 
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1. INTRODUCTION 

Thalassemia is the common genetic disorder on a worldwide 
basis (Cao and Galanello,2010). Most of these patients are 
born in developing and low-income countries, specially; 
individuals originate from Mediterranean, Middle East, 
Asian subcontinent and Southeast Asia (Weatherall  and 
Clegg, 2001; Cao  and  Kan,2013). Thalassemia has been 
studied in various cities and different fields in Iraq (Al-
Samarrai et al., 2008; Abdulzahraa  et al., 2011; Al-Hakeim 
et al., 2015). 
β-Thalassaemia major is a type of chronic, inherited and 
microcytic anaemia that is characterized by impaired 
biosynthesis of the β-globin chain of haemoglobin that lead 
to accumulation of unpaired α-globin chain. Excess presence 
of the α-globin in chains lead to impaired erythropoiesis and 
is the primary reason for the cellular oxidative damages 
(Mahdi , 2014). 
Blood transfusion and iron chelation therapy have improved 
the quality of life and life-span to an around 30 years (Telfer  
et al.,2009). Unfortunately repeated blood transfusions and 
increased gastrointestinal iron absorption lead to progressive 
iron overload in patients with β-thalassemia major disease 
(Bhat  et al.,2013).The progressive iron overload causes 
ineffective erythropoiesis, gastrointestinal absorption of iron 
and lack of physiologic mechanism for excreting  the excess 
iron which results in hemochromatosis (Sagare and Trivedi, 
2014).Iron deposits as hemosiderin and ferritin in the liver, 
spleen and many glands. Ferritin is used as a indicator for 
iron overload disorders (Chirico et al., 2015). Therefore, 
require chelation therapy, adequate dosage decreases 
detoxifies iron and iron-related complications and improves 
quality of life and overall survival (Olivieri and Brittenham, 
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1997). Unfortunately, iron overload may develop endocrine 
complications such as growth retardation, failure of sexual 
maturation, diabetes mellitus, insufficiency of the parathyroid, 
thyroid, pituitary and less commonly adrenal gland (Borgna-
Pignatti  and Galanello, 2004; Galanello and Origa , 2010). 
The frequency of hypothyroidism in β-thalassemia patients 
changes between 6 to 30% in the different countries depending 
on chelation regimens (Sanctis, et al., 2004). Thyroid dysfunction 
was defined on the following: overt hypothyroidism (low free 
thyroxine [FT4] and increased thyroid-stimulating hormone 
levels >5µIU/ml); subclinical hypothyroidism (normal level to 
theFT4 and TSH between 5-10 µIU/ml) and central 
hypothyroidism (low FT4 and normal or decreased TSH 
(Soliman  et al., 2013).  
All studies have confirmed that the prevalence of hypogonadism 
in the adult β-thalassemia patients is very high (Tiosano and 
Hochberg, 2001; Merchant   et al.,   2011; Sharaf  et al.,2014). 
Impaired puberty in β-thalassemia patients include delayed 
puberty, arrested puberty and hypogonadism. Delayed puberty is  
described  as the absence of breast development  in  girls  and  
testicular  enlargement  in boys  by  the  age  of  13  and  14  year 
respectively. Arrested puberty is defined as the absence of 
pubertal growth for more than one year after puberty onset, where 
testicular volume in boys is less than 68 ml and unchanged breast 
size in girls (Kyriakou & Skordis, 2009). 

2. MATERIAL AND METHOS 

The study was undertaken in the Thalassemia Center in Duhok 
from 1st November to 30th September in 2014 to 2015.Thirty- 
Eight patients with β- thalassemia major were selected that aged 
between 10-20 years with average (13.34±2.7), 18 girls and 20 
boys from the Duhok Thalassemia Center.  For the maintaining 
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the hemoglobin (Hb) levels above 9 g/dl, all patients were 
under regular transfusion program (200 ml packed RBCs/kg, 
at 4-5 weeks interval). Additionally, all patients received the  
folic acid  and iron chelating drug like the Deferasirox or 
deferoxamine (desferal) supplements..   Deferasirox is oral 
route drug with half-life of up to 16 hours, hence once daily 
dose is acceptable to maintain an effective plasma level of the 
drug. Other drug is  Deferoxamine, subcutaneous infusion 
route use for removing extra iron precipitation    over 8-12 
hours in 5 to 7 days each week. 
Also, thirty-eight healthy persons with the meaning age  
14.08± 3.02 years (21 girls and 17 boys) participated in the 
study as the control group with their age range comparable to 
that of the patients. None of healthy persons have anaemic or 
systemic disease. 
Blood sample were collected from 38 β-thalassemia patients 
and 38 healthy individuals.  Samples were taken from the 
patients prior to the blood transfusion to avoid possible 
measurement of exogenously transfused hormones. Then 
blood samples were transferred into labelled tubes and 
centrifuged. Serum was collected for further analysis in 
polythene tube and stored at –20 0C. 
Level of the serum FT4, TSH, Estradiol and Testosterone 
were studied by enzyme linked fluorescent assay method 
employing VIDAS   instrument (Biomerifux, France) based 
on an immunoenzymetic method (enzyme linked flouresnt 
assay). The mean level of the estradiol and testosterone were 
correlated with the pubertal stage of the patients and healthy 
persons. 
Data were analyzed statistically by Graph Pad Prism 5 by 
using t test. β- Thalassemia major patients were compared 
with control group. Results were expressed as mean ± 
standard deviation and P-values < 0.05 were measured 
statistically significant and pointed as *. 

3. RESULTS 

Table 1. shows the different levels of parameters between β-
thalassemia major patients and control group. The two groups 
had no significant differences in ages. 
Table 1. shows the comparison levels of thyroid parameters 

between β-thalassemia patients and control group 

Parameters 
Control 

Mean ± SD 
(n=38) 

β-
Thalassemia 
Mean ± SD 

(n=38) 

P-value 

Age(  years) 
Female 
Male 

13.34± 2.74  
21 
17 

14.08± 3.02 
18 
20 

NS 

FT4             
(pmol/l) 13.13 ± 1.23 13.47± 1.56 NS 

TSH              
(µIU/ml) 2.72± 1.01 3.86± 2.7 1 p <0.05 

 
Figure 1. indicates the comparison of FT4 assay in the 
patients and control group. The mean FT4 level 
was13.47±1.56 pmol/l in β-thalassemia major patients and 
13.13 ± 1.23 pmol/l in control group. There was no 
significant variation  between patients and control group. 
 

 
Figure 1. Comparison of the average of FT4 in the patients and 
control group. 
Figure 2. represents the comparison of TSH level in patients and 
control group. The mean TSH level was 3.86± 2.7 1µIU/ml in 
patients and 2.72± 1.01 µIU/ml in control group. TSH level was 
significantly higher in patients group as compared with control 
group (p <0.05) and 23.68 percentage (9/38) from β-thalassemia 
major patients had elevated TSH levels that indicating primary 
subclinical hypothyroidism. 

 
Figure 2. Comparisons of TSH levels among different study 
groups. 
Table 2. is showing the comparison of the mean of the Estradiol 

level  between patients and control group  
Parameters 

 
Female >13 

years 

Control 
Mean ± SD 

n=12 

β-Thalassemia 
Mean ± SD 

n=14 
P-value 

 
Estradiol         
(pg/ml) 

 
 

 
30.60± 14.68 

 
 

 
13.82± 9.06 

 
 

 
p <0.01 

 
Figure 3. is showing the comparison of estradiol assay in patients 
and control group with female ages more than 13. The mean 
levels were 30.60± 14.68 pg/ml in β-thalassemia patients 
and13.82± 9.06 pg/ml in control group. Mean of the estradiol was 
significantly lower in β-thalassemia major patients group than in 
control group (p< 0.01) and 64.28percentage (9/14) from the β-
thalassemia patients have low level of the estradiol comparison 
the normal level of estradiol that results  were less than 18 pg/ml. 
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Figure3.  is the comparison of the mean level of  the 

Estradiol  in the patients and control group.  
 

Table 2. shows the comparison of the mean level of the 
testosterone  between the two group 

Parameters 
 
 
Male  >14 
years 
 

Control 
Mean ± SD 
     
      n= 7 

β-Thalassemia 
Mean ± SD 
 
           n=9 

P-value 

 
Testosterone  
(ng/ml) 

 
3.71± 1.32 
 

 
1.22± 0.83 
 
 
               

 
p<0.001 

 
Figure 4. is showing the mean testosterone level was 1.22± 
0.83 ng/ml in patients and level in the control group 3.71± 
1.32 ng/ml more than 14 years. There was highly significant 
decreases in the mean of serum testosterone in β-thalassemia 
major patients than incontrol group (p< 0.001) and 77.77 
percentage (7/9) from the patients have low level from the 
normal value (2.27-10:30 ng/ml). 

 
Figure 4.  is showing the different mean level of 
testosterone in β-thalassemia patients and control group. 

4. DISCUSSION 

Multiple transfusions and Iron overload are the main reason 
of complications, such as impairment in the functions   of 
thyroid gland although patients with thalassemia major 
require repeated blood transfusions (Berkovitch et al., 2000). 
Our study illustrated that the mean of the FT4 in the patients 
was in normal range compared with control group, whereas 

TSH level in  the patients was significantly higher than control 
group. 
Jain (1995) reported the mean serum total T4 and T3 levels in the 
β-thalassemia patients were lower significantly (p < 0.001) and 
TSH level was higher than control group. Other study was 
demonstrated significant (p<0.05) increased TSH (3.5 ± 1.7 
µIU/ml) in the thalassemia patients, when comparison with 
healthy control group (2 ± 1.2 µIU/ml), those results showed 20% 
with subclinical hypothyroid (Salih and Al-Mosawy,  2013). 
Similarly, other study showed that in the β-thalassemia patients, 
level of T4 was lower than the control group and TSH level was 
higher than the control group(Asad et al.,  2016).  
Our study was shown that 23.68percentages from β-thalassemia 
patients had subclinical hypothyroidism, which was in good 
agreement with the study by Malik et al (2010).Additionally, our 
findings and conclusions disagree with Mula-Abed et al. (2008) 
and Pirincciogla et al (2011) that the prevalence was 3.3%.  In 
Baghdad, it was illustrated that 12 out of 60 patients with 
hypothyroidism (20%) and seven patients (12%) had subclinical 
hypothyroidism. Whereas, five of patients (8%) suffer from 
primary or overt hypothyroidism(Hassan  et al., 2013). Recent 
study by Ayoub et al (2016) demonstrated prevalence of 
hypothyroidism 21.9 % of β-thalassemia patients in Baghdad 
(high TSH level with normal T4) in their study subjects. Even so, 
secondary hypothyroidism was rare in β-thalassemia patients, 
which was not observed. Ghosh (2008) reported the prevalence 
of Subclinical hypothyroidism about 23.5% in West Bengal. 
Another study showed that progressive of thyroid dysfunction 
observed about 35% of β-thalassemia patients who have the age 
18.The lack of elevated of TSH in response to low levels of T4  in 
these patients was indicated a high incidence of defective 
pituitary thyrotrophic function (Soliman et al.,  2013).  
However, the variation of prevalence may be related to the age of 
study population, duration of blood transfusions, ferritin levels 
and dose of the iron-chelating agent (Aydinok et al., 2002; Zervas 
et al., 2002). In this study, hypothyroidism was 23.68% of β-
thalassemia patients which depending on the elevation of thyroid 
stimulating hormone more than 5 µIU/ml. High prevalence 
ranges in our study may be contributed to several repeated 
transfusion and poor iron chelation therapy. Moreover, Iraq has 
many economic and security problems mainly deficiency of the 
quality in the equipment and drugs causes increasing these 
complications. 
Considerable mechanisms for  thyroid dysfunction  in  β-
thalassemia patients  have  been suggested,  nevertheless, the  
exact  mechanism  is  not known. Hypothyroidism may be related 
to the accumulation of iron in thyroid glands due to blood 
transfusion by iron overload leading to gland dysfunction (Fung  
et al.,  2006).Consequently, the iron stored as ferritins deposited 
in organs as hemosiderin, a toxic substance affecting tissues at 
least partially by inducing oxidative stress (Shizukuda  et al., 
2007).  Additionally, formation of free radical and lipid 
peroxidation were caused to the damage of the mitochondrial, 
lysosomal, sarcolemma membrane and DNA (Lekawanvijit and 
Chattipakorn, 2009; Hershko,  2010).Those damages involve 
practically all organs in the body like spleen, liver and bone 
narrow. Also, iron poisoning effects on several endocrine glands 
as the thyroid gland function and gonads (Berkovitch et al.,2000).  
Most thalassemia patients have a delayed or absent puberty occur 
with appearance disorder in menstrual cycle and anovulation in 
women. Also, Sperm abnormalities happen and reduce  sexual 
activity in males. In the different studies, the incidence rate of the 
puberty failure was between 50% to 100% (Tiosano and Z 
Hochberg , 2001;Moayeri  and Oloomi, 2006).  
This our study indicated that  female more 13 years, the level of 
estradiol (30.60± 14.68pg/ml) declined high significant (p< 0.01) 
compared with control group(13.83 ± 9.06 pg/ml) whereas the 
mean of testosterone level was 1.22± 0.83 ng/ml in β-thalassemia 
patients  and 3.71± 1.3ng/ml in control group more than 14 years. 
Mean level of testosterone was highly significantly lower in β-
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thalassemia patients than in control (p< 0.001).In β-
thalassemia patients   low level estradiol (in females) and 
testosterone (in males) was noted 9/14(64.28%) and 7/9 
(77.77%) respectively. 
Dundar et al (2007) were recorded the  serum level of 
estradiol 19.4 ± 15.9 pg/ml reduced significantly (p<0.001) 
in the β-thalassemia patients compared with control group 
(72.1 ± 51.1 pg/ml) in puberty females, and in the males, 
serum levels of testosterone  reduced in the β-thalassemia 
patients but not statistically significant. Carmina et al (2004) 
reported   the  serum level of testosterone(66 ± 123.66 ng/ml)  
in β-thalassemia patients significant decrease with healthy 
group (331.98 ± 173.76 ng/ml) in the male aged 14-18years . 
Other finding indicated lower serum levels of estradiol than 
controls of similar age. Additionally, Hegazi   et al 
(2013)were compared the mean of the serum level of 
estradiol of patients with control group in the female aged 
between12.5-18 years. The results indicated significant 
(p<0.05) decreased the level of estradiol (22.91±17.41pg/ml) 
in the patients, when comparison with control group 
(108.17±107.45 pg/ml). 
Sexual immaturity is the most complication of severe 
thalassemia. The association between hypogonadism and 
pituitary iron overload is well established, begins in the first 
decade of life, duo to pituitary iron overload prior to the liver 
and cardiac iron deposition (Au  et al., 2009; Noetzli et al., 
2012).  Pituitary iron overload and iron-induced oxidative 
stress may result in secondary hypogonadism in thalassemia 
patients (Roussou et al., 2013).  

5. CONCLUSION   

Endocrine problems are the important abnormality states in 
the second decade of the beta-thalassemia major patient’s 
life.  Progressive accumulation of iron overload in some 
glands causes interruption of the hormone metabolism 
through ruining the gland structure and disturbing the energy 
availability required for hormone synthesis. Regular follow-
up and appropriate endocrine treatments are suggested. We 
should focus our attention to chation therapy program which 
controls the negative effects of the iron overload in the many 
endocrine gland.  
Additionally, antioxidant drugs, like the vitamin C and zinc 
are recommended which may reduce negative side effects of 
the iron overload, oxidative stress and tissue damage. 
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