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Prevalence of hypogonadism in Thalassemia major patients in Gaza strip 

Abstract 

Background: Present transfusion protocols and effective iron chelation have increased the life 

expectancy of patients with β-thalassemia major, hypogonadism is extremely frequent clinical 

complication in patients with thalassemia major which can be prevented by careful monitoring and 

precise management.  

Objective: The objectives of this study were to determine the prevalence of hypogonadism in 

thalassemia major adolescent patients, determine the role of iron chelation therapy in its prevention, 

and assess the main risk factors contributing to the emerging results.  

Design: Case control study was conducted. 

Subjects and Setting: A total number of 60 β-thalassemia major patients and 35 controlled persons 

aged 13─ 30 years were collected randomly from Al Shifaa hospital, and European Gaza hospital 

thalassemic center and  obstetrics and gynecology Clinics in the Gaza Strip.  

Methodology: Data was collected  through questioner and  a review of previous medical records to 

collect general sociodemographic and anthropometric characteristics, transfusion regimen, chelating 

history and compliance , splenectomy status, pubertal and menstruation status, and associated 

endocrine complications.  Complete blood count, serum ferritin, pituitary-gonadal function tests 

including  FSH, LH, prolactin, estradiol in females and testosterone in males and Liver function 

tests were analyzed in the morning (08.00 – 09.00 am) after an overnight fast, and 1–2 weeks after 

blood transfusion.  SPSS Version 22 was used to analyze the obtained data. 

Results: The overall prevalence of hypogonadism among β-thalassemia major patients in Gaza strip 

was 75%, while the overall percentage of hypogonadism among controlled persons was 11.5%.  

The pre-transfusion hemoglobin mean was 7.56g/dl, serum ferritin mean was 6704.83± 2849ng/ml 

and all thalassemic patients had serum ferritin above 2000 ng/ml indicating a sever anemic state and 

severe iron overload state among the study β-TM patients.  Statistically significant relationship was 

detected between hypogonadism and BMI(P=0.003), pre-transfusion hemoglobin levels (P = 

0.005), and levels of serum ferritin (P = 0.007).  Also, blood transfusion rate per year, age of 

starting ICT and  compliance to ICT regimen were determined as risk factors for hypogonadism (P-

value ≤0.01). 

 

Conclusion and Recommendations: Our data show that hypogonadism is highly prevalent among 

Gaza strip patients with β-TM, its presence being associated with higher iron overload and lower 

hemoglobin values. The late start and low compliance of iron chelation therapy was particularly 

associated with pubertal abnormalities. Such findings emphasize the need for a protocol for early 

detection and prevention of iron overload which leads to cell damage in various endocrine glands. 

Assessment of blood transfusion frequency, early (prepubertal), monotherapy, or combined 

chelation therapy, together with appropriate monitoring and continuous health education programs 

can protect or ameliorate such consequences. 

Keywords: β-thalassemia  major,  Hypogonadism, Iron overload, Chelation therapy, Gaza strip. 
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 في قطاع غزة مرضً التالسيميا العظمً في  التناسلية الغذد قصىرمذي انتشار 

 

 الملخص

 

 ,ىيَشػٚ اىَخ٘قغ اىؼَش فٜ صٝبدة ْٕبك جأطبس  β))اىؼظَٚ  اىخالسَٞٞبىَشػٚ اىؼالخٞت اىسذٝثت  اىبشٗحن٘الثفٜ ظو  :المقذمة

ػِ  اى٘قبٝت ٍْٖب, ىزىل مبُ ٍِ اىٌَٖ  ىذٙ ٕؤالء اىَشػٚ اىسشٝشٝت َؼبػفبثاى إٌٔ  أطبر ٍِ  اىخْبسيٞت اىغذد قظ٘س  غٞش أُ

   .ٗرىل ببسخخذاً أدٗٝت إصاىت اىسذٝذ ٗاىٖشٍّ٘بث اىبذٝيت  ج اىَبنش ىيَشػٚٗاىؼال اىدٞذةاىَخببؼت  ؽشٝق 

أدٗٝت إصاىت  دٗس ٗ β))اىؼظَٚ اىخالسَٞٞب ٍشػٜ فٜ اىخْبسيٞت اىغذد قظ٘س اّخشبسإىٚ ٍؼشفت ّسبت  اىذساست ٕزٓحٖذف  :الهذف

 . اىْبشئت ْخبئحىي اىَظبزبت  اىخطش ػ٘اٍو ٗحقٌٞٞ , ٍْٔ اى٘قبٝت فٜ اىسذٝذ

 ٍِ سيَٞب  شخظب β ٗ(35))اىؼظَٚ) اىخالسَٞٞب ٍشػٜ ٍِ (60) ػيٚ ٍقبسّت بأثش سخؼٜ دساست أخشٝج :الذراسة تصميم

 .قطبع غضة فٜ اىْسبء ٍشاعأ ٗػٞبداث األٗسٗبٜ غضٓ ٍسخشفٚ ٗ , اىشفبء ٍسخشفٚ

 اىخظبئض ىدَغ اىسببقت اىطبٞت اىسدالث ٍشاخؼٔ, االسخببّت  خاله ٍِ اىَؼيٍ٘بث فٜ ٕزٓ اىذساست خَؼج :منهجية الذراسة

 , اىطسبه اسخئظبه زبىت,ٍٗذٙ االّخظبً بأخزٕب , حبسٝخ اىبذء ببسخخذاً أدٗٝت اصاىت اىسذٝذ اىذً ّقو ّظبً , اىذَٝغشافٞتٗ االخخَبػٞت

مزىل حٌ إخشاء اىؼذٝذ ٍِ اىخسبىٞو  ىذٙ اىَشػٚ. اىظَبء غذدىي أخشٙ  ٍؼبػفبثاىبي٘ؽ ٗزبىت اىذٗسة اىشٖشٝت ٍٗذٙ ح٘اخذ أٛ 

 ,FSH رىل فٜ بَب اىخْبسيٞت اىغذد ٗ اىْخبٍٞت اىغذة بئفٗظ اخخببساثفٜ اىذً ٗ اىفٞشٝخِٞحشمٞض , اىخٜ شَيج حسبىٞو اىذً اىنبٍو

LH ,ِٞاىسبػت  اىظببذ فٜ حسيٞيٖب اىخٜ اىنبذ ٗظبئف ٗاخخببساث اىزم٘س فٜ ٗاىخسخ٘سخٞشُٗ اإلّبد فٜ االسخشٗخِٞ ,اىبشٗالمخ 

 . اىذً ّقو أسب٘ػِٞ ٍِ أسب٘ع  اىٚ  ٗ, بؼذ ىٞيت ٍِ اىظٞبً ( طببزب 9.00– 08.00)

 

فٜ قطبع غضة ٝظو إىٚ  β)اىؼظَٚ) اىخالسَٞٞبٍشػٚ  بِٞ اىخْبسيٞت اىغذد ىقظ٘س بْٞج ّخبئح اىذساست ٗخ٘د اّخشبس ٗاسغ  :النتائج

 7.56 ز٘اىٜ  اىذً ّقو قبو اىَٖٞ٘غي٘بِٞ مَب أظٖشث اىذساست أُ ّسبت  ٪.  11.5 ٖٜ ف اىؼبدِٝٞ األشخبص بِٞ أٍب اىْسبت ,٪  75

 2000 أػيٚ ٍِ  اىفشٝخِٞىٌٖ حشمٞض  اىَشػٜ خَٞغ ٗمبُخٌ /ٍو 2849±  6704.83 ز٘اىٚ  اىفشٝخِٞ حشمٞض مبُقذ ٗ ,خٌ/ده

مزىل أظٖشث اىذساست   .)βٍشػٚ اىخالسَٞٞب اىؼظَٚ) ٗاىضٝبدة اىشذٝذة ىيسذٝذ بِٞاىشذٝذة  اىذً فقش زبىٔ إىٚ ٍَب ٝشٞش خٌ/ٍو

 اىذً ّقو قبو اىَٖٞ٘غي٘بِٞ ٍسخ٘ٝبث(, P = 0.003) اىدسٌ مخئ ٍؤششقظ٘س اىغذد اىخْبسيٞت ٗ  ِٗخ٘د اسحببؽ بذالىت إزظبئٞت بٞ

(P = 0.005 ,)ٗفٜ اىذً اىفشٝخِٞ ٍسخ٘ٝبث (P = 0.007 .)  ٗاىؼَش , اىسْٔ فٜ اىذً ّقو ٍؼذهحٌ اػخببس مو ٍِ   إػبفت اىٚ رىل 

  (.P≤0.01)اىخْبسيٞت  اىغذد ىقظ٘سمؼ٘اٍو ٍسببت  اىبذء ببسخخذاً أدٗٝت إصاىت اىسذٝذ ٍٗذٙ االىخضاً بأخز ٕزٓ األدٗٝت ػْذ

 

اىخالسَٞٞب  ٍشػٜأُ قظ٘س اىغذد اىخْبسيٞت ٍْخشش بشنو مبٞش بِٞ إىٚ ٝشٞش حسيٞو بٞبّبث اىذساست  التىصيات:و االستنتاج 

اىَٖٞ٘خي٘بِٞ. ٗقذ اسحبؾ اىبذء  مَٞتٗاّخفبع  فٜ اىذً  اىسذٝذ ٍسخ٘ٝبث  فٜ قطبع غضة , ٗٝشحبؾ ٗخ٘دٓ ببىضٝبدة فٜ )βاىؼظَٚ)

. حؤمذ ٕزٓ اىْخبئح ػيٚ اىسبخت إىٚ بشٗح٘م٘ه ىالمخشبف ب٘خ٘د خيو فٜ اىبي٘ؽٝت إصاىت اىسذٝذ ٗاىَخأخش ٗاالىخضاً اىَْخفغ بأد

ٍِ خاله حقٌٞٞ بشاٍح ّقو اىذً  ٖبٗاى٘قبٝت ٍْاىسذٝذ اىخٜ حؤدٛ إىٚ حيف فٜ خالٝب اىغذد اىظَبء اىَخخيفت  ٍسخ٘ٝبثفٜ  اىَبنش ىيضٝبدة

 ٗبشاٍح اىخؼيٌٞ اىظسٜ اىَسخَش. اىَخببؼت اىَسخَشةإىٚ خْب ٍغ خْبب  إلصاىت اىسذٝذ فٜ ٗقج ٍبنش أٗ أمثشاسخخذاً دٗاء ٗىيَشػٚ 

 

 , قطبع غضةأدٗٝت إصاىت اىسذٝذ, اىسذٝذ ٍسخ٘ٝبث  اىضٝبدة فٜ, قظ٘س اىغذد اىخْبسيٞت(, β)اىؼظَٚ  اىخالسَٞٞب الكلمات الذالة:
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Chapter 1 

Introduction 

1.1. Overview 

Thalassemia international federation (TIF) define thalassemia as a group of blood diseases 

characterized by decreased or absent synthesis of normal globin chains (Cappellini et al., 

2014). The direct consequence is an imbalance of the alpha and beta globin chains 

synthesis that results in anemia from ineffective erythropoiesis and hemolysis (Srisukh, et 

al., 2016).  

 

It was first recognized clinically in 1925 by Dr. Thomas Cooley, who described a 

syndrome of anemia with microcytic erythrocytes, then it was called Cooley‘s anemia.  

Later Wipple and Bradford renamed this disease as ―Thalassemia‖. Because it was found 

in the region of the Mediterranean Sea (thalasa is an old Greek word for sea), (Al-Mosawy 

F., 2017). 

 

The main types of thalassemia's are shown in table (1.1).  Alpha (α) and beta (β) thalassemias 

are the most common classes, and β thalassemia is the most important and widely spread type 

which causes severe anemia in the homozygous and compound heterozygous states.  

(Galanello  and Origa, 2010).  Beta-thalassemia includes three main forms:  

a) β -thalassemia major variably referred to as "Cooley's Anemia" and "Mediterranean 

Anemia". 

b) β -thalassemia  intermedia. 

c) β -thalassemia minor also called "beta-thalassemia carrier", "beta-thalassemia trait" or 

"heterozygous beta-thalassemia"(Rachmilewitz   and Giardina, 2011). 

 

β-Thalassemia major (β-TM) is the term applied to patients who have no effective or severely 

limited production of β-globin chains.  This type is the most severe form of thalassemia which 

is often associated with life-long blood transfusion dependent anemia (Srisukh, et al. 2016). 

  

 

 

 



   

2 
 

Table (1.1)Classification of  thalassemia's according to the chain whose synthesis is 

Impaired (Galanello and Origa, 2010). 

  

 

 

 

 

 

 

 

 

Hb: Hemoglobin  

 

The genes for β-Thalassemia are prevalent in several ethnic groups distributed in a broad 

geographic belt from the Mediterranean area through the Middle East and the Indian 

subcontinent and into southeast Asia (Sharmal, et al. 2014). 

More than five decades ago, β-thalassemia major (β-TM) was fatal in the first decade of life, 

this poor prognosis changed since the survival rates started to increase progressively;  thanks 

to the implementation of continuous and significant improvement of diagnostic and 

therapeutic methods, consisting mainly of an intensive blood transfusion program combined 

with chelation therapy and imaging methods ( De Sanctis, et al. 2016).  

 

Blood transfusions are gradually introduced by physicians to suppress thalassemic 

manifestations.  However, humans have a very limited ability to excrete iron, so regular blood 

transfusion inevitably lead to iron overload (Luangasanatip et al., 2011).  Evidence of marked 

iron deposition in the liver, heart, pancreas, pituitary, thyroid, parathyroid, adrenal, gonads, 

renal medulla, bone marrow, and spleen are commonly reported.  This parenchymal iron 

loading is the major cause of morbidity and mortality in severe β-thalassemias.   The normal 

adolescent growth spurt fails to occur, and hepatic, endocrine, and cardiac complications 

producing a variety of clinical problems including diabetes, hypoparathyroidism, adrenal 

insufficiency, and liver failure will take place. Secondary sexual development is delayed, or 

does not occur at all (Peters, et al., 2012).  

Thalassemic type Hb chain impaired 

α –thalasemia. Alpha-globin chain synthesis impaired 

β –thalassemia. Beta -globin chain synthesis impaired 

γ –thalassemia. γ -globin chain synthesis impaired 

δ–thalassemia. δ -globin chain synthesis impaired 

βδ–thalassemia. β and δ -globin chain synthesis impaired 

γδ–thalassemia. γ and δ -globin chains synthesis impaired 
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The management of severe forms of the β -thalassemia disease depends on three mainstays 

regimen, they are: (Vichinsky, et al., 2011). 

a) Regular blood transfusion  

b) Removal of overloaded iron with chelating agents such as deferoxamine and Exjade. 

c) Splenectomy when rate of blood transfusion is increasing.  

 

Abnormalities in pubertal onset and hypogonadism are the most frequently reported endocrine 

complications that affect 50–100% of β-TM patients (Albu, A., & Albu, D., 2018), and is 

likely to result from impaired gonads (primary), pituitary gland (secondary), and 

hypothalamus (tertiary). Secondary hypogonadism, often referred to as hypogonadal 

hypogonadism, is the most cause of hypogonadism in thalassemia major. 

 

Several studies around the world examined the risk factors for these complication, and the 

results differed between them. Some of them showed that pituitary iron overload due to 

intensive blood transfusion and low efficient chelation is the main risk factor for 

hypogonadism (De Sanctis, et al., 2016 and Siripunthana, et al., 2017). These studies 

observed significant relationship between serum ferritin level; which is considered as good, 

non-invasive and most accessible marker for body iron overload and hypogonadism rate.  As 

a result these studies recommended early and regular endocrine assessment for β-TM patients, 

optimum blood transfusion, early and good monitoring for chelation therapy that maintains 

mean serum ferritin (<1000)  for prevention of hypogonadism. 

 

On the other hand, other studies did not observe significant relationship between serum 

ferritin and hypogonadism rate, these studies attributed hypogonadism for factors other than 

iron overload like  multi-endocrine dysfunction, chronic anemia, infections, malnutrition, 

malabsorption of vitamin D, deficiencies of calcium, zinc and copper, and lower serum levels 

of insulin-like growth factor-1 (IGF-1) and IGF-binding protein-3 (IGFBP-3), of which  all 

have been reported in thalassemics (Malik, et al. , 2009; UKTS, 2016). 
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1.2.β- thalassemia major in Palestine 

Although Palestine is one of the Mediterranean basin countries, in which beta thalassemia 

major are prevalent, few studies were carried out on the incidence of this disease and its 

complications. The percent of thalassemia trait is 4% with more than 200,000 carriers of this 

mutation in the Palestinian territory. Around 60% of the cases in the West-Bank (residence of 

the northern districts).  Increased life span among Palestinian thalassemic patients from 7-8 

years in 1996 to 22 years in 2017 was reported by Palestinian ministry of health (PMOH).  

Reports released also by PMOH in 2018 reported that beta thalassemia major patients in the 

West Bank area were 526 patients and the number of patients in Gaza strip was 309. Issuing 

legislation of compulsory pre-marital test in 2000 was an effective tool in reducing new 

thalassemia cases from 40 cases/ year before 2004 to less than 10 registered cases annually 

since 2004.  In addition, very limited cases with β-TM were reported after 2013 (PMOH, 

2018). 

 

The present study evaluated the prevalence of hypogonadism among β-thalassemia major 

patients in the Gaza strip, and how it relates to the level of ferritin, the main indicator for body 

iron overload. 

In Gaza strip no previous studies were done to observe the prevalence of endocrinopathies in 

thalassemia major patients. In the west bank, Daraghmeh, et al., 2016 showed that 

hypogonadism was the most prevalent endocrinopathy and represented by 46.7% of the tested 

patients including both primary and secondary hypogonadism. Similar high incidence rate of 

hypogonadism among thalassemic patients were also reported in different countries like 

Pakistan, Kingdom of Saudi Arabia, Oman, United Arab Emirates and Romania (Adil, et al.  

2012, Habe, et al.  2013, Mula-Abed, et al. 2008, Belhoul, et al. 2013, Albu, et al.  2014). 

1.3.Justification and importance of the study  

This study concentrates on this type of endocrinopathies because it has high prevalence 

among β-TM patients in many areas around the world and iron overload is considered as it is 

the  most causative factor in many studies due to its degradative effect on many endocrine 

glands, so it is very important to detect its prevalence in our area among  beta thalassemia 

major patients who are receiving intensive blood transfusion program combined with iron 

chelation therapy.  To study the correlation between its rate and ferritin level and detect the 
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main risk factors for the resulted rate of hypogonadism, thus the main measures for its 

prevention could be determined.  

1.4. Problem statement  

Hypogonadism is considered the major endocrinopathy among β-TM adolescents in many 

areas that may be related to the ferritin level.  

1.5. General objective  

This case control analytical study focuses on detection of the prevalence of hypogonadism in 

thalassemia major adolescent patients and the role of iron chelation therapy in its prevention.  

1.6. Specific objectives  

1-To determine the rate of hypogonadism in patients with β-TM through laboratory tests 

assessment, ultrasound imaging & physical examination. 

2-To estimate the relationship between serum ferritin and hypogonadism.  

3-To detect the main contributing factors to the rate of hypogonadism, these factors included: 

a) Frequency of blood transfusion. 

b) Age of starting of Iron chelation therapy (ICT) if we have differences in the starting 

age.  

c) Compliance to ICT. 

d) Liver dysfunction. 

e) Other factors.  
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Chapter 2 

Literature review 

This chapter addresses hemoglobin and hemoglobinopathies, definition, classification, 

prevalence, manifestations, diagnosis and complications of thalassemia.  In addition, the 

types, efficacy and administration of iron chelation therapy are discussed, Moreover the risk 

factors associated with hypogonadism in β -TM are explored.     

   

2.1. Hemoglobin and hemoglobinopathies 

Hemoglobin (Hb) is the molecule that carries and transports oxygen all through the body. 

Normal human hemoglobin is a tetramer formed by two pairs of globin chains attached to 

heme. The hemoglobin type is determined by the combination of tetra-globin chains (α, β, δ 

and γ chains). Each globin chain is structurally different and thus has different oxygen 

affinity, electrical charge, and electrophoretic mobility (Surapon T., 2011).  

 

Normal adult hemoglobins are expressed as A2, A and F (fetal).  Ninety-five to ninety-eight 

percent of adult hemoglobin is A, the major hemoglobin, which consists of two α and two β 

chains (α 2 β 2). Hemoglobin A2 (α 2 δ2), the remainder of hemoglobin in adults is a minor 

component (less than 3.3%), and 1% or less of F (α 2 γ 2) (Wilson, et al., 2010). 

 

The gamma hemoglobin (Hb-F) is the predominant hemoglobin found only during fetal 

development. The transition from gamma globin synthesis (HbF) to beta globin synthesis 

(HbA) begins before birth; by approximately six months of age, healthy infants will have 

mostly transitioned to HbA.  The equal production of α and non- α (β, δ, γ) globin chains is 

necessary for normal red blood cell (RBC) function.  The failure in hemoglobin synthesis is a 

main cause of microcytosis and anemia in many population groups around the world.  

(Muncie and Campbell, 2009). 

 

2.1.1. Hemoglobinopathies 

Hemoglobinopathies are a group of disorders, which result from an inherited abnormality of 

globin production, and are classified in two subdivisions; thalassemia, and sickle cell anemia 

(Al Raeesi, et al., 2017).   
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2.2. Thalassemia definition and classification 

The term ―thalassemia‖ refers to a group of blood diseases that results from an inherited 

defect in the rate of synthesis of one or more of the globin chains, which results in imbalanced 

globin chains production, ineffective erythropoiesis, hemolysis and variable degrees of 

anemia (Kaushansky, et al., 2012).  According to the chain whose synthesis is impaired, the 

thalassemias   are classified into α, β, γ, δ, δβ, or γδ- thalassemias.  

From a clinical point of view, the most relevant types are α- and β-thalassemias, resulting 

from the decrease of one of the two types of polypeptide chains (α or β) that form the normal 

adult human hemoglobin molecule (HbA, α2β2); (Grampurohit, et al., 2015).   

 

Thalassemia is not infectious, it can be only inherited, transmitted from parents to sons in an 

autosomal recessive pattern. This means that if both parents carry a thalassemia gene, there‘s 

25% chance with each pregnancy to have a child without genes of thalassemia (a totally 

healthy child with normal hemoglobin), 50% chance to have a child with only one gene 

affected, and 25% chance to have an affected child, carrying both genes for thalassemia. 

Therefore, it is necessary to inherit abnormal genes from both parents to develop the full-

blown disease (Shawky and Kamal, 2012).  

Thalassemia has different types which will be discussed in the following classification; the 

most common type in the Middle East region is the beta thalassemia.  

2.2.1.Types of thalassemia  

2.1.1.1. Alpha thalassemia 

The major clinical syndromes resulting from α-thalassemia were first recognized in the mid-

1950s and early 1960s through the association of the abnormal hemoglobins (Hb-H and Hb 

Bart‘s) with hypochromic microcytic anemia in the absence of iron deficiency (Surapon T., 

2011). 

Alpha(α)-Thalassemia is divided into deletional and non-deletional types. There are at least 

40 different deletions that results in deficient or absent synthesis of alpha globin chains, 

leading to excess beta globin chains.  Alpha globin chain production is controlled by two 

genes on each chromosome 16.  Deficient production is usually caused by a deletion of one or 

more of these genes (Muncie and Campbell, 2009). 
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Alpha thalassemia is classified into four types, the first is silent carrier alpha thalassemia, 

which is characterized by a single gene deletion, that results in asymptomatic condition, with 

normal hematologic findings, while alpha thalassemia trait (mild) is characterized by a two-

gene deletion, with microcytosis and usually no anemia.  The third is Hemoglobin H disease 

(alpha thalassemia intermedia) in which the three alpha genes are deleted, resulting in 

significant production of hemoglobin H (HbH), containing four beta chains (beta4) and causes 

significant manifestations such as anemia, hemolysis, and splenomegaly. Finally, alpha 

thalassemia major with HB Bart‘s characterized by deletion of four alpha genes, that results in 

the significant production of hemoglobin Bart‘s (Hb Bart‘s) that contains four gamma chains 

(gamma4). This produces a serious condition resulting in fatal hydrops fetalis (Tidy C., 2015; 

Dreuzy, et al., 2016). 

2.1.1.2. Beta-thalassemia 

Beta thalassemia is the result of deficient or absent synthesis of beta globin chains, leading to 

excess alpha chains, that accumulate and precipitate damaging both erythroid precursors in 

the bone marrow and circulating RBCs. In fact, red blood cells are made in the red bone 

marrow; here, stem cells multiply and differentiate into the different blood components, such 

as erythrocytes, leukocytes and platelets (Manzon, 2007). The destruction of erythroid 

precursors caused by the excedent α chains results an in ineffective erythropoiesis; RBCs are 

smaller than normal (microcytosis) and have few levels of hemoglobin hypocromatosis (Figs 

2-1,2) so they are not able to carry enough oxygen through the body (Muncie and Campbell, 

2009). 

 

 

 

 

Figure 2.1.: Normal RBCs (Muncie and 

Campbell, 2009) 

Figure 2.2: Abnormal RBCs in β-thalassemia (Muncie 

and Campbell, 2009). 

file:///D:/إلهام/Thalas%202/thalas/224--2016-therabies.htm%23!
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Beta globin synthesis is controlled by one gene on each chromosome 11.  Beta thalassemia 

occurs from any of more than 200 point mutations and (rarely) deletions of the two genes. 

Beta globin chain production can range from near normal to completely absent, leading to 

varying degrees of excess alpha globin to beta globin chain production (Giardine, et al., 

2007). 

 2.1.1.2.1. Beta thalassemia minor (trait):it is a symptomatic condition resulting from single 

gene defect; manifested as microcytosis of RBCs and mild anemia. This condition can be 

detected by a routine laboratory blood evaluation (Colah, et al., 2009) 

2.1.1.2.2. Beta thalassemia intermedia: in this type the two genes are defective, resulting in 

mild to moderate decrease in the synthesis of beta globin.  This condition is characterized by 

mild anemia with hemoglobin levels of 7 g/dl. It is associated with mild jaundice and 

hepatosplenomegaly. Iron overload is constantly exhibited by increased plasma ferritin levels.  

Normally patients with thalassemia intermedia do not require blood transfusions, except when 

they develop infections, which precipitate further anemia (Shawky and Kamal, 2012). 

2.1.1.2.3. Beta thalassemia major (Cooley’s anemia) The synthesis through both genes is 

severely reduced (β+) or completely absent (β0) which results in severe anemia, a potentially 

life-threatening condition (Figure 2.3).  Persons with beta thalassemia major are almost never 

symptomatic at birth because of the presence of HbF, but symptoms begin to develop by six 

months of age (Cappellini, et al., 2014). 

Figure (2.3) Effects of excess production of free α-globin chains in β-

thalassaemia(Cappellini, et al., 2014). 
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2.3. Prevalence of thalassemia 

Alpha and beta thalassemias are the most common inherited single-gene disorders in the 

world with the highest prevalence in areas where malaria was or still is endemic (WHO, 

2017). 

An estimate of World Health Organization showed that 7% of the world population are a 

carrier for hemoglobin disorders and 300,000 to 500,000 children are born with clinically 

significant hemoglobin disorders every year and majority of them are born in developing 

countries (WHO, 2007). 

Approximately 5 percent of the world‘s population has a globin variant, but only 1.7 percent 

has alpha or beta thalassemia trait.  Thalassemia affects men and women equally and occurs 

in approximately 4.4 of every 10,000 living births (Muncie and Campbell, 2009). 

Beta thalassemia is one of the most prevalent monogenic disorders affecting more than 150 

million people from about 60 countries worldwide (Hasan, et al., 2016). 

The prevalent area of this disorder is known as thalassemic Belt (figure 2.4).  Iran is a high 

prevalent zone of thalassemia.  Alpha thalassemia commonly found in the countries of  South 

Asia  as Thailand, east of India, west of New Guinea,  north of Australia  and in Southern part 

of China.   However, Beta thalassemia is widely spread in the world commonly found in 

Mediterranean countries, the Middle East, South East Asia mainly the Indian subcontinent, 

Russia and Northern part of China (Colah, et al., 2009). In the eastern parts of Indian 

subcontinent, Bangladesh and other Southeast Asian countries, HbE is the most prevalent 

hemoglobin variant (Hossain, et al., 2017). 

 

 

 

 

 

 

 

Figure (2.4): World map of thalassemic belt (Colah et al., 

https://en.wikipedia.org/wiki/India
https://en.wikipedia.org/wiki/New_Guinea
https://en.wikipedia.org/wiki/Australia
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2.4. Clinical manifestations of β-TM 

Clinical presentation of β-TM occurs between 6 and 24 months. Affected infants fail to thrive 

and become progressively pale due to a low level in hemoglobin that generally reaches 6.0 

g/dl or lower. Feeding problems, diarrhea, irritability, recurrent bouts of fever, and 

progressive enlargement of the abdomen caused by spleen and liver enlargement may occur.  

Severe microcytic anemia, mild jaundice and hepatosplenomegaly also, may occur (Asadi, et 

al., 2016). 

2.5. Diagnosis of β-TM: 

2.5.1. Clinical Diagnosis 

Thalassemia major is usually suspected in an infant younger than two years of age with severe 

microcytic anemia, mild jaundice and hepato-splenomegaly (Rachmilewitz  and Giardina, 

2011). 

2.5.2. Hematologic diagnosis 

RBC indices show hypochromic microcytic anemia. Thalassemia major is characterized by 

reduced Hb level (<7 g/dl), mean corpuscolar volume (MCV) > 50 < 70 fl and mean 

corpuscolar Hb (MCH) > 12< 20 pg (Surapon T., 2011).  

2.5.3.Qualitative and quantitative Hb analysis (by cellulose acetate electrophoresis and 

Diethylaminoethyl cellulose  (DE-52) microchromatography or HPLC) identifies the 

amount and type of Hb present. 

The Hb pattern in beta-thalassemia varies according to beta-thalassemia type. In beta (0) 

thalassemia, homozygotes HbA is absent and HbF constitutes the 92-95% of the total Hb. In 

beta (+) thalassemia homozygotes and beta+/ beta0 genetic compounds HbA levels are 

between 10 and 30% and HbF between 70-90%. HbA2 is variable in beta thalassemia 

homozygotes and it is enhanced in beta thalassemia minor (Al-Mosawy F., 2017). 

2.5.4. Molecular genetic analysis 

The prevalence of a limited number of mutations in each population has greatly facilitated 

molecular genetic testing. Commonly occurring mutations of the beta globin gene are 

detected by Polymerase chain reaction (PCR)-based procedures.  If targeted mutation analysis 
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fails to detect the mutation, beta globin gene sequence analysis can be used to detect 

mutations in the beta globin gene (Saliba, et al., 2015). 

2.6. Control and management of β-TM: 

Focus on control and management of β-thalassemia is centered on cases with sever clinical 

symptoms associated with the major type.  Blood transfusion therapy is the most commonly 

used procedure for control and management of disease state among β-TM patients.  This is 

usually done through regular blood transfusion to maintain nearly normal hemoglobin level.  

This was found to improve patient's growth and development.  It was also reported to reduce 

complications associated with bone deformities, liver and spleen complications.  Thus, such 

regimen reduces the need for hepato-splinomegaly surgery (Rund and Rachmilewitz, 2005).   

2.6.1. Transfusion therapy 

The goals of transfusion therapy are the correction of anemia, suppression of erythropoiesis 

and inhibition of gastrointestinal iron absorption, which occurs in transfused patients as a 

consequence of increased, although ineffective, erythropoiesis (Society T., 2016). 

2.6.1.1. Whom to transfuse  

The decision to start transfusion in patients with a confirmed diagnosis of thalassemia should 

be based on the presence of severe anemia (Hb < 7 g/dL on 2 occasions, more than two weeks 

apart, excluding all other contributory causes such as infections).   However, even in patients 

with hemoglobin > 7 g/dL, other factors should be considered, including age at presentation 

of first symptoms, facial changes, poor growth, evidence of bony expansion and increasing 

splenomegaly (Cappellini, et al., 2014). 

2.6.1.2. Transfusion regimen 

The recommended treatment for thalassemia major involves lifelong regular blood 

transfusions, usually administered every two to five weeks, to maintain the pre-transfusion 

hemoglobin level above 9-10.5 g/dl. This transfusion regimen promotes normal growth, 

allows normal physical activities, adequately suppresses bone marrow activity in most 

patients, and minimizes transfusional iron accumulation (Dubey, et al., 2008). 

A higher target pre-transfusion hemoglobin level of 11-12 g/dl may be appropriate for 

patients with heart disease, clinically significant extramedullary hematopoeisis or other 
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medical conditions, and for those patients who do not achieve adequate suppression of bone 

marrow activity at the lower hemoglobin level. Transfusions are usually given regularly every 

2-4 weeks.  However, intervals vary from patient to patient and should be agreed between 

clinician and patient depending on the clinical response to anemia, transfusions and pragmatic 

lifestyle decisions. In adults each unit of red blood cells with 220-320 ml is usually 

administered over 1-3 hours (Jra, et al., 2016). 

2.7. Complications of β-TM: 

Lifelong blood transfusion combined with chelation therapy are cornerstones in the disease 

management. They were found to increase patient survival and decrease disease 

complications that include anemia and bone expansion, which are prevalent in untreated 

patients.  On the other hand, frequent transfusion can lead to serious secondary complications 

such as hepatitis.  This is clear from previous studies where about 70% of children's in 

developing countries who receive blood may acquire infection as hepatitis B and C during 

transfusion (Swee T., 2005). 

Hyperbilirubinemia and propensity to gallstone formation are also considered as common 

complication due to rapid break down of red blood cells. In addition, increased iron overload 

along with increased iron absorption lead to iron accumulation in vital tissues and cause 

severe secondary complications including bone disease, osteoporosis and osteopenia (Swee 

T., 2005).  On the other hand, cardiac complications are still the main cause of mortality due 

to iron deposition in heart, even in the presence of chelation therapy in transfusion dependent 

patients (Ladis V., 2010).    

Endocrine complications were also reported, including disruption in hormonal secretion that 

arises in the form of severe clinical problems.  Acquired hypothyroidism, hypogonadism, 

short status, glucose intolerance and diabetes mellitus are the most reported complications 

(Toumba and Sergis ,2007).  Otherwise, because liver is the main depot of iron containing 

about 70% or more of body iron content; liver disease is increasingly become serious cause of 

death.  Excessive hemosiderosis, cirrhosis and hepato-cellular carcinoma are the most 

frequent consequences of this severe iron overload along with chronic hepatitis.  Liver disease 

in these patients also manifested by aspartate and alanine transaminase activities combined 

with alkaline phosphatase activity (Lahiry, et al., 2008; Al-Haddad R., 2012). 
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2.7.1. Iron overload in β-TM  

2.7.1.1. Normal iron homeostasis 

For a 70-kg male individual, total body iron is about 3.5 g (50 mg/kg). Most of the iron in the 

body is distributed within RBC hemoglobin (65%; 2300mg). Approximately 10% is present 

in muscle fibers (in myoglobin) and other tissues (in enzymes and cytochromes), (350 mg).  

The remaining body iron is stored in the liver (200 mg), macrophages of the 

reticuloendothelial system (RES; 500 mg), and bone marrow (150 mg).  In premenopausal 

women, total body iron (especially the stored fraction, 250-300 mg) is lower than in men 

(Villar, et al., 2009). 

The normal daily diet contains 15-20 mg of iron, and the body absorbs 1-2 mg/day of dietary 

iron (Waeber, et al.,2014).  This is balanced with losses via sloughed intestinal mucosal cells, 

menstruation and other blood losses.   Therefore, internal turnover of iron is essential to meet 

the bone marrow requirements for erythropoiesis (20-30 mg/day); (Gozzelino, & Arosio, 

2016).  

The human body has no effective means of excreting iron and thus the regulation of 

absorption of dietary iron from the duodenum plays a critical role in iron homeostasis 

(Takatoku, et al., 2007).  This is extremely important as iron is essential for cellular 

metabolism and aerobic respiration, whilst cellular iron overload leads to toxicity and cell 

death via free radical formation and lipid peroxidation, thus, iron homeostasis requires tight 

regulation (Poggiali,  et al.,  2012). 

2.7.1.2. Causes of iron overload in thalassemia patients 

2.7.1.2.1. Blood transfusion related iron overload   

Each unit of processed donor blood 420ml contains approximately 200 mg of iron, or 0.47 

mg/ mL of whole donor blood.  For red cell preparations with variable hematocrits, the iron 

per mg/mL of blood can therefore be estimated from 1.16 x the hematocrit of the transfused 

blood product (Cappellini, et al., 2014).  A patient who receives 25 units per year, 

accumulates 5 gram of iron per year in the absence of chelation. Add to this the increased 

intestinal iron absorption that is seen in these patients (Mishra  and Tiwari, 2013).  By the 

beginning of the third decade, β-thalassemia major patient in the absence of chelation would 

have accumulated 70 grams of iron (Prabhu, et al., 2009). 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Villar%20I%5BAuthor%5D&cauthor=true&cauthor_uid=19787824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Poggiali%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22790257
https://www.ncbi.nlm.nih.gov/pubmed/?term=MISHRA%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=24790662
https://www.ncbi.nlm.nih.gov/pubmed/?term=TIWARI%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24790662
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2.7.1.2.2. Increased gastro-intestinal absorption of iron 

In transfusion dependent thalassemia (TDT), the contribution of iron absorbed from the diet is 

small compared with blood transfusion.  Normal intestinal iron absorption is about 1-2 

mg/day.   In patients with thalassemia who do not receive any transfusion, iron absorption 

increases several-folds.  It has been estimated that iron absorption exceeds iron loss when 

expansion of red cell precursors in the bone marrow exceeds five times that of healthy 

individuals.   Transfusion regimens aimed at keeping the pre-transfusion haemoglobin above 

9 g/dl have been shown to prevent such expansion (Cazzola M., 2005). In individuals who are 

poorly transfused, absorption rises to 3-5 mg/day or more, representing an additional 1-2 g of 

iron loading per year (Leecharoenkiat, et al., 2016). 

2.7.1.3. Distribution and consequences of iron overload 

In the absence of iron overload, uptake of iron into cells is controlled by the interaction  of 

transferrin the main transport protein of iron with its receptors  mainly on red cell precursors, 

hepatocytes and dividing cells.   In iron overload, transferrin becomes saturated and iron 

species that are not bound to transferrin are present in plasma (plasma non-transferrin bound 

iron(NTBI).   The distribution of NTBI uptake is fundamentally different from transferrin 

uptake, and is thought to involve calcium channels.  Organ damage in transfusional iron 

overload reflects the pattern of tissue iron uptake from NTBI.   Some tissues are spared from 

iron loading through this mechanism (such as skeletal muscles) while others such as 

myocardial muscle, endocrine tissues and hepatocytes take up NTBI rapidly (Cabantchik I., 

2014). 

This iron physiologically stored intracellularly in the form of ferritin, a protein whose 

synthesis is induced upon the influx of iron (De Sanctis,  et al. , 2016).   When the storage 

capacity of ferritin is exceeded, pathological quantities of metabolically active iron are 

released intracellularly in the form of hemosiderin and free iron within an expanded labile 

pool which are visible by magnetic resonance imaging (MRI); (WHO, 2011). 

This metabolically active iron catalyzes the formation reactive oxygen species(ROS) via the 

Fenton reaction; hence, iron overload disrupts the redox balance of the cells, causing chronic 

oxidative stress (OS);(Roussou et al., 2013).  Oxidative stress leads to lipid peroxidation of 

unsaturated fatty acids in membranes of cells and organelles.  Cytotoxic byproducts of lipid 

https://www.ncbi.nlm.nih.gov/pubmed/?term=De%20Sanctis%20V%5BAuthor%5D&cauthor=true&cauthor_uid=27158435
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peroxidation, such as malondialdehyde (MDA) and 4-hydroxy-2-nonenal produced and these 

impair cellular function and protein synthesis and damage DNA (Kew M., 2009). 

Fenton reaction: 

Fe(II) + H2O2                       Fe(III) +  HO
-
  +HO

0
 

 

      O2 O2
- 

The consequence of this OS is that vital organ functions like liver, heart, endocrine glands 

deteriorate progressively. Cardiac siderosis, manifesting as cardiac failure, arrhythmias, 

myocarditis, pericarditis, and myocardial infarction.  Serious complications of the liver like 

fibrosis, cirrhosis and hepatocellular carcinoma also occur particularly if concomitant chronic 

hepatitis is present and  correlates directly with the age, number of units transfused, and the 

liver iron concentration (Prabhu, et al., 2009). Endocrine complications, mainly 

hypogonadism, growth retardation and delayed puberty, diabetes, hypothyroidism and 

hypoparathyroidism are also seen (Rachmilewitz  and Giardina, 2011). 

2.7.1.4. Methods for evaluating iron overload 

There are various methods for evaluating the degree of iron overload, including serum ferritin 

levels, liver iron concentration determined from a biopsy, superconducting quantum 

interference device (SQUID) and magnetic resonance imaging (MRI) (Poggiali  et al.,  2012).   

2.7.1.4.1. Serum ferritin(SF) measurement: 

The ferritin molecule is an intracellular hollow protein shell composed of 24 subunits 

surrounding an iron core that may contain as many as 4000-4500 iron atoms (Iron Disorders 

Institute, 2010).   In the body, small amounts of ferritin are secreted into the plasma.  The 

concentration of this plasma (or serum) ferritin is positively correlated with the size of the 

total body iron stores in the absence of inflammation or liver disease.  So, the WHO considers 

it as an indirect marker for tissue iron overload (WHO, 2011), and  its test can be  used as 

indirect , non-invasive marker for iron overload  especially because it is the most accessible 

method currently available at many sites around the world for general increase and decrease 

in body iron stores (Kell  and Pretorius, 2014).   

https://www.ncbi.nlm.nih.gov/pubmed/?term=Poggiali%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22790257
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On the other hand, SF is  not very accurate because many factors may affect its  level 

including ascorbic acid deficiency that can lead to decrease synthesis and release of ferritin, 

even in the presence of massive iron stores (Surapon, T. 2011; Hashemi, et al., 2012) and  

splenectomy that lead to rapid rise in serum ferritin leading to decreased total body iron 

storage capacity (Zhou, et al., 2014).  Also, SF assay measure ferritin protein using antibodies 

which don‘t distinguish ferritin with varying iron content, therefore, more precise 

measurements of iron overload and better evaluation of the hemosiderosis status among 

thalassemia patients is strongly needed (Azarkeivan et al., 2013). 

In β-TM, variation in body iron stores accounts for only 57% of the variability in plasma 

ferritin. This variability is in part because inflammation increases serum ferritin, and partly 

because the distribution of liver iron between macrophages (Kupffer cells) and hepatocytes in 

the liver has a major impact on plasma ferritin.   A sudden increase in serum ferritin should 

prompt a search for hepatitis, other infections, or inflammatory conditions (Cappellini et al., 

2014).  Thus to exclude severe liver injury and dysfunction that may raise the level of ferritin 

serum concentrations of alanine aminotransferase (ALT), aspartate aminotransferase (AST), 

alkaline phosphatases (APs), total and direct bilirubin, total proteins, albumin, prothrombin 

time (PT) and international normalization ratio (INR) will be measured. 

According to serum ferritin Iron overload was classified as mild (ferritin < 1000 ng/ml), 

moderate (ferritin >1000 ng/ml and < 2000 ng/ml) or severe (ferritin >2000 ng/ml) which 

serves as a risk factor for multiple endocrine dysfunctions (Casale et al., 2015). 

2.7.1.4.2. Liver iron concentration: 

Liver biopsy with biochemical measurement of liver iron concentration has been the ―gold 

standard‖ for assessing total body iron stores. Hepatic iron levels of 15 mg/g dry weight has 

been associated with a greater risk of iron induced heart disease. Ideally, a yearly testing of 

liver iron will give accurate estimation of total iron accumulation in a thalassemia major 

patient on regular transfusions and chelation therapy. However, being an invasive technique 

this, is not practical (Bacon, et al., 2011). 

 

2.7.1.4.3. Magnetic Resonance Imaging(MRI): 

Magnetic Resonance Imaging measures tissue iron concentration indirectly via the detection 

of the paramagnetic influences of stored iron (ferritin and hemosiderin) on the proton 

resonance behavior of tissue water (Jensen P., 2004). 
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2.7.1.4.4. Superconducting quantum interference device (SQUID): 

This imaging modality uses a very low power magnetic field with sensitive detectors that 

measure the interference of iron within the field. Although SQUID is still considered 

investigational, linear correlations have been demonstrated between SQUID measurements 

and liver biopsy LIC levels. The limited availability and high cost of this test currently 

restricts its use for research (Prabhu et al., 2009). 

  

2.7.1.5. Management of Iron overload in β-TM  

Iron chelation therapy (ICT) is inevitable to prevent the consequences of transfusion related 

hemosiderosis in thalassemia major patients.   The primary goal of chelation therapy is to 

maintain safe levels of body iron at all times by balancing iron intake from blood transfusion 

with iron excretion by chelation, once iron overload has accumulated, more iron must be 

removed than accumulates as a result of blood transfusion.  Removal of storage iron is slow 

and inefficient, because only a small proportion of body iron is available for chelation at any 

given time.  Once iron has deposited in some tissues, damage is often irreversible.   Chelation 

therapy should therefore be initiated before toxic levels of iron have accumulated 

(Rachmilewitz and Giardina, 2011).   

The evidence showed  that the initial stage of chelation therapy in patients with major beta-

thalassemia is a key factor in their survival(Mobarra et al.,  2016).   This stage includes an 

alternation in ferritin level to above 1000 ng/mL.  Thus, effective chelation therapy period 

trapped non-transferrin bound iron and labile plasma iron (LPI) to prevent adverse 

complications of iron overload is needed (Hassan and Tolba, 2016).   Several iron chelators 

have been designed to excrete tissue iron through urine or feces by forming complexes with it 

(Vekeman, et al., 2016). 

2.7.1.5.1. Classes of iron chelation therapy: 

To date, there are 3 major classes of iron chelators.   The first is Deferoxamine (DFO), which  

is a hexadentate iron chelator that binds iron in 1:1 complexes (Saliba  et al., 2015).   DFO 

cannot be orally absorbed; therefore, it is administered at a dose of 20–50 mg/kg/day, 

subcutaneously or intravenously.  Higher doses up to 60 mg/kg/day have been used in patients 

with high body iron stores. Having a short plasma half-life of 20–30 minutes, DFO should be 

administered by slow subcutaneous (SC) infusion over a span of 8-12 hours using an infusion 

pump for 6 nights per week (Giardina and Rivella, 2012). 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Mobarra%20N%5BAuthor%5D&cauthor=true&cauthor_uid=27928480
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saliba%20AN%5BAuthor%5D&cauthor=true&cauthor_uid=26124688
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Subcutaneous bolus of DFO twice daily may be used when an infusion pump is not available 

or when 10-hours infusion are not tolerated and may be also considered if the patient is not at 

high risk of heart disease. Also, 24-hours continuous intravenous deferoxamine regimen or 

intermittent high dose of IV deferoxamine for 8-10 hours per day can be used and they are 

equally effective (Hagag and Nosair, 2014). 

 

Deferoxamine is approved in the United States, Canada, Europe and other countries for the 

treatment of iron overload (Maggio and Maggio, 2017).   Regarding its efficacy, different 

studies were conducted including Borgna-Pignatti et al. (2004) large observational study 

involving 977 patients with TM in seven Italian centers that observed a significant association 

between DFO use and complication-free survival, as well as a progressively increasing 

survival rate since 1975 (when DFO was introduced).   Also, meta-analysis was conducted by 

Maggio et al. (2011) based on nine trials including 400 patients suggested Level A evidence 

for DFO regarding the stabilization or ability to decrease body iron burden.  

 

The advantages of DFO are its high affinity for ferric iron, high efficiency in attaining 

negative iron balance and absence of iron redistribution, while its disadvantages are that it is 

not orally bioavailable, fast rate of metabolism necessitating prolonged parenteral infusions, 

poor compliance, chelates zinc (sometimes causing clinical zinc deficiency) and high cost.  

The main side effects of DFO include irritation at the infusion site, growth retardation, 

skeletal changes, ocular and auditory disturbances (Prabhu, et al., 2009). 

 

The second iron chelator is Deferiprone (DFP).  Deferiprone is a bidentate iron chelator that 

binds iron in 3:1 complexes, and it was the first orally active iron-chelating drug to be 

developed.  It is administered at a dosage of 75–100 mg/kg/day divided over three 

administrations, and it has been approved in Europe, India and other countries for use when 

DFO therapy is contraindicated (Maggio and Maggio, 2017). 

 

The efficacy of DFP has largely been proven. The results of one-year randomized, controlled 

trial involving 144 patients suggested that DFP (75 mg/kg/day) is as effective as 40 

mg/kg/day DFO for the treatment of iron overload in TM patients (Maggio et al, 2002).   

Moreover, Maggio et al (2011) conducted a meta-analysis of four different randomized 

clinical trials involving 1520 patients with β-TM, and this analysis did not show any 

differences in SF between the two DFP and DFO groups after 12 months of treatment.  The 
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main side effects of DFP include agranulocytosis, neutropenia, elevated liver enzymes, 

gastrointestinal disorders and arthralgia (Galanello, R. 2007). 

 

The third iron chelator is Deferasirox (DFX) which acts as 2:1 tridentate iron chelator. It is 

characterized by its high affinity for iron and very low affinity for copper and zinc. It is 

recommended for patients with iron overload, defined as a cumulative transfusion of 100 

ml/kg of packed red blood cells and a SF consistently >1000 ng/ml. The highest approved 

dose of DFX is currently 30 mg/kg once or twice daily in many countries.  However, some 

patients require escalation to 20–40 mg/kg/day to achieve the therapeutic goal (Mattioli et al., 

2015).  

 

Recently, a prospective, randomized study involving 60 patients with TM over a period from 

September 2014 to September 2015 did not show any significant differences in SF (P = 0.673) 

or percent reduction in ferritin (P = 0.315) between the DFX and DFO groups (Hassan & 

Tolba, 2016). 

 

The most common side effects of DFX are abdominal pain, nausea, vomiting, diarrhea, skin 

rashes and ophthalmic complication. These reactions frequently occur in older patients with 

predisposition to myelodysplastic syndrome, renal or hepatic disease and patients with low 

platelet counts (Sharma, et al., 2015). 

 

2.7.1.5.2. Combination therapies 

The term ‗combination therapy‘ has been used to cover a variety of approaches to improve 

outcomes if monotherapy proves inadequate. In principle, two chelators can be given at the 

same time (simultaneously), or one after the other (sequentially). True combination, where 

two chelators are present in the blood at the same time, has been used relatively rarely 

compared with sequential regimes. Some investigators have used the term ‗alternating 

therapy‘ to describe the use of two drugs administered on alternate days, reserving the term 

‗sequential therapy‘ for when DFO is given at night and DFP during the day (Cappellini, et 

al., 2014). 

In practice, regimes may involve both a component of ‘sequential’ and ‘alternating’ 

therapy such as when DFO is given three times a week (alternate nights) and DFP every day.  

More recently, combinations of DFX with DFO, or DFX with DFP have been evaluated. In 

this instances, both drugs may be present in plasma or intracellularly for at least part of the 
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time owing to the half-life of DFX and its extended time in the plasma for up to 24hr 

(Galanello  and Origa, 2010). 

 

Larger prospective and randomized clinical trials addressed this issue in detail. According to 

Galanello et al., 2010 extensive long-term experience has shown that chelation with combined 

DFP and DFO rapidly reduces LIC, SF and myocardial siderosis.  Also, the daily use of DFX 

with 2–3 days of DFO treatment has been shown to place patients into net negative iron 

balance (Grady, et al., 2013). 

 

Lal, et al., 2013 conducted a trial examining the effects of DFX (20–30 mg/kg/day) plus DFO 

(35–50 mg/kg, 3–7 days/ week) in 22 patients with persistent iron overloading.  Eighteen of 

these patients completed 12 months of treatment, and the median LIC decreased by 31%.   

The median SF decreased by 24%, from 2465 ng/ml to 1875 ng/ml. 

 

 

2.7.1.5.3.Starting and adjusting iron chelation therapy 

Concerning the indication to initiate ICT, most guidelines agree that ICT should be started 

after the cumulative transfusion of 10–20 units of RBC or when SF is greater than 1,000 

ng/ml (Yardumian, et al., 2015). 

The most recent guidelines, published by TIF in 2014, recommended using DFO at a dose of 

20–40 mg/kg/day five to seven times per week as a first line in children of age 2–6 years 

(Cappellini, et al., 2014).   In the latter group of patients, DFX (20–40 mg/kg/day) may be 

used as first line in US and as second line in Europe when therapy with DFO is inadequate or 

contraindicated.  The same recommendations apply for children older than 6 years and adults, 

except that the dose of DFO may reach 60 mg/kg/day.   Moreover, in patients older than 6 

years, DFP may be used at 75–100 mg/kg/day if other agents are not tolerated or effective. 

The TIF guidelines also recommends intensive 24-hour therapy with DFO (50–60 mg/kg/day) 

in case of a persistently high SF or LIC >15 mg/g dry wt. (Saliba,  et al., 2015). 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Saliba%20AN%5BAuthor%5D&cauthor=true&cauthor_uid=26124688
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2.7.1.5.4.Monitoring of  iron chelation therapy 

Response to ICT may be assessed by serum ferritin measurement, liver biopsies, computed 

tomography, or magnetic susceptibility.   Serum ferritin is the most accessible and 

inexpensive tool for the long-term monitoring of chelating efficiency. Its levels must be 

measured every 3–6 months when the patient has no inter-current infection (Sharmal, et al. 

2014 ).  Regarding the age of first treatment with chelation therapy, studies showed that the 

treatment before the age of puberty has helped patients to attain normal sexual maturation.   In 

a study of 40 patients with transfusion dependent thalassemia major, 90% of 19 patients who 

began treatment with desferoxamine before the age of 10 had normal sexual development 

compared with only 10% of those treated after the age of 10 (Srisukh, et al. 2016). 

2.7.1.5.5. Dose adjustment of therapy: 

Dosing and treatment regimens require adjustment to changing circumstances. These can be 

identified by careful monitoring of iron and its distribution. Without monitoring of trends in 

iron load (liver iron and ferritin) and iron distribution (heart iron and function  ( patients are at 

risk of either by under chelation with increased iron toxicity; or by over chelation and 

increased chelator toxicity. The dosing and regimens must be adjusted periodically to take 

these factors into account. 

2.7.1.5.6. Adherence to therapy: 

Chelation must be taken regularly for it to work effectively.  This requires good adherence to 

the chelation regimen.   Intermittent high dose chelation can induce negative iron balance but 

does not provide continuous protection from labile iron and risks increased toxicity from the 

iron chelator.   Poor adherence can result from practical issues such as difficulty with DFO 

infusions, intolerance of a particular chelator, or from psychological / psychosocial issues, 

socio-economic status, lack of family support, lack of knowledge about the disease, concern 

or fear from side effects, chronicity, severity of the disease, lack of immediate benefit and 

presence or absence of complications and poor doctor-patient relationship.  Furthermore, 

multiple drug therapy and complex treatments that interfered with daily life were also reasons 

for non-compliance (De Sanctis,  et al., 2016). 

A key role of the treating center is the monitoring and encouragement of adherence to 

chelation, alongside support from their family. However, encouraging a patient to take control 

or ‗self-manage‘ is often a useful approach of long-term benefit (Cappellini, et al., 2014).   

https://www.ncbi.nlm.nih.gov/pubmed/?term=De%20Sanctis%20V%5BAuthor%5D&cauthor=true&cauthor_uid=27158435
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2.7.1.5.7. Use of vitamin C 

Vitamin C increases iron excretion by increasing the availability of chelatable iron, but if 

given in excessive doses may increase the toxicity of iron through myocardium dysfunction 

and eventually death.  It is recommended by TIF guidelines not to give more than 2-3 

mg/kg/day as supplements, taken about 30 min. to 1 hour after the start of DFO 

administration, and only on days when receiving DFO chelation therapy so that liberated iron 

is rapidly chelated (Cappellini, et al., 2014). Elalfy et al. (2016) comparative study 

investigated the efficacy and safety of oral vitamin C supplementation in three groups of β-

TM patients receiving daily DFO or DFP or DFX. Patients in each group were randomly 

allocated to also receive 100 mg of vitamin C supplementation, the others did not. Results of 

this study showed that vitamin C supplementation significantly increased hemoglobin level in 

three groups and decreased serum iron, ferritin and liver iron concentration at the end of 

study. No serious adverse effects following the use of vitamin C plus standard iron chelation 

have been reported in this study. 

 

2.7.2. Endocrine complications in β-TM 

Though regular blood transfusion and intensive chelation therapy may increase the survival of 

thalassemia affected children, yet growth disturbances and endocrinopathies like 

hypogonadotropic hypogonadism, diabetes mellitus, hypothyroidism and rarely 

hypoparathyroidism in these children  are very common, this is shown in table (2.1), which 

illustrates the prevalence of endocrinopathies in iron overloaded β‑thalassemia major patients 

in different geographical areas. 
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Table (2.1): Incidence/prevalence of endocrinopathies in iron overloaded β‑TM patients 

in different geographical areas    

Endocrine complications 

(% in both sexes) 

Age in years 

Dubai
1
 

(n=382) 

(2–37) 

France
2
 

(n=276) 

(20-37) 

Italy
3
 

(n=145) 

(>20) 

Iran
4
 

(n=77) 

(15-36) 

India
5
 

(n=89) 

(10-33) 

Hypogonadism 25.9 48 36.3 46.7 54.1 

Diabetes mellitus 10.5 10 36.3 16.8 13 

Short stature/GHD 23.2 32 12.4 33.8 42.3 

Primary hypothyroidism 6.5 6 18.1 18.1 8.9 

Hypoparathyroidism 10.5 4 18.1 7.8 10.1 

GHD: Growth hormone deficiency.
 

Saffari, et al., (2012), -4De Sanctis, et al., (2016),  -Thuret, et al.,(2010), 3 -Belhoul, et al.,( 2013), 2 -1 

5- Sharma1, et al., ( 2014). 

 

Hypoparathyroidism may or may not be associated with hypocalcemia and present with 

neurological symptoms like tetany, carpopedal spasm, paresthesia.  Majority of the hormonal 

defects like growth hormone-insulin like growth factor axis, hypogonadotropic hypogonadism 

is solely from iron overload and later age of initiation of chelation therapy.   So, regular 

hormonal profile assay in thalassemic patients is warranted (Bhattacharyya, et al., 2013). 

Despite this, a recent survey conducted by the Thalassemia International Federation (TIF) on 

316 regularly transfused patients older than 10 years across Europe for the Enerca Project 

(European Rare Anemias) showed that only 177 (56%) are ever seen by an endocrinologist.   

Of these, 134 (42%) are seen at least annually, while the rest seem to be followed 

occasionally (every 2 years or less), (Wonke and De Sanctis, 2001).   A similar survey was 

conducted by TIF in the Middle East (data unpublished, 2009) on 90 health professionals who 

look after TM patients from various countries in the region; 86.4% of them reported a lack of 

multi‑disciplinary support and of 96 multi‑transfused patients from the same region, 62.4% 

stated that they have never visited an endocrinologist, 3.6% have been seen occasionally 

(every 2 years or less), and 34% have been seen yearly (De Sanctis et al., 2012).   
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The major difficulties reported by hematologists or pediatric endocrinologists experienced in 

TM or TM syndromes in following growth disorders and endocrine complications concern: 

• Facilities. 

• ―Familiarity‖ with medical treatment of endocrine complications. 

• Presence of pediatric endocrinologist for consultation on growth disorders and 

endocrine complications. 

• Interpretation of endocrine tests. 

• Cost. 

• Others. 

2.7.2.1. Delayed puberty and hypogonadism 

Puberty is the period of life that leads to adulthood through dramatic physiologic and 

psychologic changes. It is the period during which physical and hormonal changes occur such 

that the capability of sexual reproduction is attained. This biological phenomenon, which is 

the result of the activation of the Hypothalamic – Pituitary – Gonadal axis and clinically 

manifested by the appearance of sexual characteristics comprises this unique and integrated 

transition from childhood to young adulthood (Kyriakou and Skordis, 2009). 

 

The incidence of low testosterone and symptoms of hypogonadism in men varies form 2.1-

5.7%, hypogonadism is more prevalent in older men, in men with obesity, those with co-

morbidities, and in men with a poor health status (Zarotsky, et al., 2014).  Delayed puberty 

and hypogonadism are the most commonly reported endocrinopathies in adolescents with 

thalassemia being as high as 50–100% in various populations (Albu, A., & Albu, D., 2018).  

Delayed puberty is defined as the complete lack of pubertal development in girls by the age of 

13, and in boys by the age of 14, while  hypogonadism is defined in boys as the absence of 

testicular enlargement (less than 4 ml), and in girls as the absence of breast development by 

the age of 16 (De Sanctis, et al., 2013).  

 

2.7.2.2. Risk factors for delayed puberty and hypogonadism in β-TM 

2.7.2.2.1. Iron overload  

Iron overload is the main risk factor for delayed puberty and hypogonadism. These 

complications are likely to be caused by iron deposits in the gonad (primary), pituitary gland 
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(secondary), and hypothalamus (tertiary);(Noetzli  et al., 2011).  Secondary hypogonadism, 

often referred to as hypogonadotrophic hypogonadism(HH), is the most cause of 

hypogonadism in β-TM that mainly results from iron deposition in the pituitary 

gonadotrophes (Chatterjee and Bajoria, 2010), and  presents with primary amenorrhea, 

delayed puberty or secondary amenorrhea with consequent infertility due to poor response of 

follicle-stimulating hormone (FSH) and luteinizing hormone (LH) to Gonadotropin releasing 

hormone (GnRH) stimulation (Castaldi and Cobellis,  2016). 

2.7.2.2.2. Pituitary iron deposition  

The association between pituitary iron overload and hypogonadism is well established (Bir et 

al., 2014). The anterior pituitary gland is sensitive, in a dose-dependent fashion, to the effects 

of iron overload from transfusions.  Studies of human anterior pituitary adenomas showed that 

gonadotropes require more iron as compared with other pituitary cell types (Jameson and 

Groot, 2016).  

The observation of iron overload in the pituitary by MRI showed that severe pituitary iron 

deposition occurred in the first decade of life in 25% of β-TM patients (Noetzli, et al., 2012). 

These data are the first to demonstrate that pituitary iron overload occurs in early childhood 

and suggest that an initial scan at 7 years of age would be prudent to pick up early 

accumulation.  However, the most critical time for surveillance is the second decade of life 

where many patients rapidly accumulate pituitary iron and pituitary volume loss first becomes 

evident resulting in declining synthesis of LH and FSH (Smith, et al., 2006). Thus researchers 

suggest that  early recognition of pituitary iron loading is imperative because hypogonadism 

is only partially reversible by intensive chelation (Farmaki, et al., 2010).   

As the concentration of serum ferritin is positively correlated with the size of the total body 

iron stores in the absence of inflammation or liver disease, it is taken as indirect marker for 

pituitary iron overload (Hashemi, et al., 2012; Surapon T., 2011).   A group of researchers has 

earlier shown that a high serum ferritin level during puberty (> 2500 ng/ml) is a risk factor for 

hypogonadism and a serum ferritin level of >3000 ng/ml, during the first decade of life is a 

predictor HH (Shalitin, et al., 2005). 

In another study, β-TM patients with a serum ferritin level >2,500 ng/ml, were 2.75 times 

(95% CI 1.38–5.49) to have hypogonadism compared to patients with a serum ferritin level ≤ 

1,000 ng/ml (Belhoul, et al., 2012). 

http://www.tandfonline.com/author/Castaldi%2C+Maria+Antonietta
http://www.tandfonline.com/author/Cobellis%2C+Luigi
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This rule of iron overload in hypogonadism in β-TM patients achieved in many studies 

beginning with Italian long term (40 years) multicenter study which showed 

hypogonadotropic hypogonadism was the first and the most frequent endocrine complications 

and mainly related to  four important aspects,  these are: the delay in initiation of chelation 

therapy with DFO; the significantly higher peak in TM with HH group vs the non-HH group 

(serum ferritin peak 8521.8 ± 5958.9 vs 3575.2± 1801.4 ng/ml); the higher percentage of 

splenectomized (81.8 % vs. 28.5%) patients and the poor compliance registered mainly during 

the peri-pubertal and pubertal age (72.7 % vs.16.6 %) in TM patients developing HH versus 

those with normal pubertal development (De Sanctis,  et al. , 2016).  In Taiwan, HH was the 

most prevalent endocrine complication with about 23.1% rate that mainly caused by iron 

overload from long-term transfusion and lake of hormone replacement therapy (Wul, et al., 

2017). 

Other study carried out by Chahkandi, et al., 2017 in Iran found that impaired puberty 

occurred in approximately 71% of patients, and there was increasing evidence that 

hypogonadism may be primarily due to iron overload from intensive blood transfusion. 

 

Also, in  Egypt  a study performed by Hegazi,  et al., 2013 showed that  a significant increase 

in the mean serum levels of iron and ferritin were the main causes  for  the alteration in the 

activity of gonadotrophes  in the anterior pituitary gland (LH and FSH), which takes place 

early in life and increases affecting the function of the gonads at puberty(Hegazi,  et al., 

2013). 

2.7.2.2.3. Adipose tissue iron deposition: 

Other studies showed that hypogonadotropic hypogonadism in thalassemia is related not only 

to iron toxicity on gonadotrope cells but also to adipose tissue and decreased synthesis of 

leptin (Kashanian and Razavi, 2009).   Leptin, an adipokine that is synthesized and released 

from adipocytes in response to changes in body fat, binds receptors within the hypothalamus 

to control appetite.  Moreover, leptin stimulates the secretion of LH by activating nitric oxide 

synthase in gonadotropes and in the hypothalamus, which in turn stimulates the release of 

GnRH. Leptin has been proposed as a physiological link between nutritional status and 

reproductive maturation and function (Satwani, H., 2005).  

Several studies have been conducted on leptin levels in different age groups of thalassemic 

patients, and in all of them low leptin levels were observed (Kashanian   and Razavi, 2009; 
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Al-Naama, et al., 2016; Majeed, M. 2017).  Therefore, low circulating leptin may be one of 

factors causing delayed puberty in thalassemic patients.  

2.7.2.2.4. Gonadal iron deposition  

The direct effect of iron, in particular that of NTBI, on the ovaries and testes is currently 

unknown. The ovarian reserve is preserved in the majority of female thalassemia patients, 

even in women with amenorrhea. In males, histological examination of testicular tissues from 

autopsies demonstrated testicular interstitial fibrosis with small, heavily pigmented, 

undifferentiated seminiferous tubules and an absence of leydig cells (Srisukh, et al., 2016) 

An Egyptian study was conducted recently  to evaluate serum gonadal hormones levels in 

adolescent females with β-thalassemia in relation to iron overload (Hagag, et al., 2016). 

This study was conducted on 80 adolescent females with β-thalassemia having serum ferritin 

over 1000 ng/ml with range of their ages between 11 -15 years.   In this study, serum FSH,  

LH and estrogen were significantly lower in beta thalassemic major group  than control 

group.   This is in agreement with Perera, et al., 2010 and Kyriakou and Skordis, 2009 studies 

who found that, early transfusion therapy with regular chelation therapy in thalassemic 

patients maintain normal gonadal functions with normal gonadal hormones secretion while 

irregular chelation therapy leads to iron overload and impairment of gonadal functions that 

lower serum levels of gonadal hormones. 

Gonadal iron deposition and gonadal damage due to ‗iron overload is an irreversible process 

even if iron level is corrected at a later stage of disease (De Sanctis, V., 2002).  This reflects 

the importance of early and regular use of iron chelators for prevention of irreversible damage 

of the ovaries and testis and attaining normal sexual maturation and the necessity of regular 

follow up for gonadal hormones with assessment of puberty as females with thalassemia are 

more vulnerable to develop hypogonadism and they may be in need of hormonal replacement 

therapy to be capable of achieving pregnancy (Wu1 et al., 2017). 

2.7.2.2.5. Anemia and nutritional deficiencies: 

Several studies observed that pituitary apoptosis or failure to grow properly in some β-TM 

patients may result from factors other than iron accumulation  such as  multiendocrine 

dysfunction, chronic hypoxia due to anemia that may potentiate the toxicity of iron deposition 
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in endocrine glands,  infections, malnutrition , malabsorption of vitamin D, deficiencies of 

calcium, zinc and copper, and lower serum levels of insulin-like growth factor-1 (IGF-1) and 

IGF-binding protein-3 (IGFBP-3), all  of which have been reported in thalassemics (Malik, et 

al., 2009; UKTS, 2016).                                                                                                                                                                                                                               

This showed in Sharma1, et al., (2014) study in India where delayed puberty and 

hypogonadism were detected in over 50% of adolescents with thalassemia, and no statistically 

significant relationship between endocrine dysfunction and ferritin levels was detected. 

 

In Oman, a  study carried out by Mula-Abed,  et al., (2008) also found  no relationship 

between serum ferritin level and development of 73.3% rate of  hypogonadism, and this high 

rate attributed to other factors associated liver disorder, chronic hypoxia, diabetes mellitus, 

free radicle oxidative stresses, and zinc deficiency. 

In Sirilanka, the delayed puberty was the most common endocrine complication observed 

among patients older than 12 years old with β-TM, and there was no significant relationship 

between physical growth and iron overload.  Therefore, it is important to evaluate the other 

contributing factors including chronic anemia, genetic and socioeconomic makeup of the 

study group that may attribute to growth retardation (Mudiyanselage , et al., 2017). 

2.7.2.2.6. Liver diseases 

Liver diseases are closely related to a wide spectrum of endocrine diseases. The liver plays an 

important role in the metabolism of not only glucose, lipids, and proteins but also of thyroid, 

adrenal, sex, and growth hormones. Therefore, liver dysfunction including liver cirrhosis can 

affect other body organs and lead to abnormalities of endocrine systems (Seike,  M., 2016).  

Hepatocytes are the major storage site for body iron, so with iron overload in β-TM patients , 

these cells are relentlessly bombarded by reactive oxygen species and eventually die. Damage 

to these cells (hepatocytes) start to accumulate within a year of commencing transfusion 

therapy after as few as 10–20 transfusions (Saral, et al., 2015).  

This hepatocellular damage may cause several abnormal alterations of the thyroid gland, 

adrenal insufficiency, and hypogonadism (Seike, M., 2016).   Also, De Sanctis  group study ( 

2016) on adults with β-TM observed that liver damage have high rule in development of 

hypogonadism.  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Mula-Abed%20WA%5BAuthor%5D&cauthor=true&cauthor_uid=22334838
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2.8. Prevention and management of hypogonadism in β-TM 

According to TIF guidelines the treatment of delayed or arrested puberty, and of 

hypogonadism depends on factors such as age, severity of iron overload, damage to the 

hypothalamopituitary- gonadal axis, chronic liver disease and the presence of psychological 

problems resulting from hypogonadism. So, collaboration between endocrinologists and other 

doctors is critical (Cappellini, et al., 2014).   

Across sectional study in Thailand observed that adequate treatment for hypogonadism with 

blood transfusion at an appropriate time to give appropriate pre-transfution hemoglobin 

concentration and effective iron chelation shown by a mean serum ferritin level during 

puberty of below 2000 ng/mL is very important (Siripunthana, et al., 2017). This is in 

agreement with other  studies as those by De,  et al., 2014 and Chatterjee,  et al., 2011, that 

showed that  the early use of  iron chelation therapy prior to the onset of adrenarche and 

administration of low dose sex steroids during adolescence may promote growth of bones, 

growth velocity and sexual maturation  

Also, a review study showed that despite hypogonadotrophic hypogonadism, ovarian function 

may be preserved as women suffering from amenorrhea may become able to conceive 

following a closely monitored stimulation therapy. Few hundreds of  

successful pregnancies have been reported so far, providing strong evidence both for the 

absence of any deleterious effect on the course of thalassemia and for the safety of the 

pregnancy in the thalassemic women (Delvecchio & Cavallo, 2010).  

The goals of substitutive therapy in adult female patients with hypogonadism are to maintain 

secondary sexual characteristics, to optimize the accrual of bone mineral content and to 

promote physical and social well-being (De Sanctis,  et al., 2017).   

For girls, therapy may begin with the oral administration of ethinyl estradiol (2.5-5 μg daily) 

for six months, followed by hormonal reassessment. If spontaneous puberty does not occur 

within six months after the end of treatment, oral oestrogen is re-introduced in gradually 

increasing doses (ethinyl estradiol from 5-10 μg daily) for another 12 months. If breakthrough 

uterine bleeding does not occur, low oestrogen-progesterone hormone replacement is the 

recommended treatment (De Sanctis, et al., 2013).   

 

http://europepmc.org/search/?scope=fulltext&page=1&query=AUTH:%22De%20Sanctis%20V%22
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For delayed puberty in males, low doses of intramuscular depot-testosterone esters (30-50 

mg) are given monthly for six months, followed by hormonal re-assessment.   In patients with 

hypogonadotrophic hypogonadism, treatment at a dose of 50 mg per month can be continued 

until growth rates wane. The fully virilising dose is 75-100 mg of depot-testosterone esters 

every 10 days, administered intramuscularly after growth is almost completed and afterwards. 

The same effects can be achieved with topical testosterone gel (Cappellini, et al., 2014).  

 

The risks and benefits of hormone replacement therapy should be discussed with patients. The 

high incidence of thromboembolic event in thalassemia, 1–29% from various studies has led 

to the identification of a hypercoagulable state in thalassemic patients (Srisukh, et al., 2016). 

The absence of spleen can contribute to and increase the risk of thrombosis in many 

hematologic diseases (Stuenkel, et al., 2015).   

Observational studies and meta-analyses suggest that transdermal estrogen therapy does not 

increase venous thromboembolism (VTE) risk, even in women with thrombophilia.  No 

randomized controlled trials (RCTs) were conducted in thalassemic patients; thus, hormonal 

replacement therapy in hypogonadal thalassemic patients should be used cautiously, 

preferably in transdermal form (Laliberte et al., 2018; Mohammed, et al., 2015). 

Many factors contribute to the high prevalence of low bone mineral density, fractures and 

bone pain in thalassemia patients.  Hypogonadism might be the main determinant of reduced 

bone mass, but other causes include ineffective erythropoiesis, alteration in the growth 

hormone/insulin-like growth factor I axis, thalassemia genotypes, vitamin D status, iron 

overload and treatment with iron chelation therapy. The studies of hormonal replacement in 

thalassemia patients have yielded inconsistent results.  An improvement in bone mineral 

density after gonadal hormone replacement has been reported in some but not all studies 

(Vogiatzi, et al., 2009).  

2.8.1. Iron chelation therapy and prevention of hypogonadism: 

Several studies were conducted to compare the effect of different iron chelators or their 

combination regimens in prevention of endocrinopathies, one of these studies compared the 

long-term effects of different iron chelation regimens (deferoxamine, deferiprone, 

deferoxamine + deferiprone, and deferasirox) in preventing or reversing endocrinopathy 

(diabetes mellitus, hypothyroidism, or hypogonadism) in 165 adults with β-TM. After five 

consecutive years of therapy, patients on deferasirox had the highest decrease in the 
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prevalence of any endocrinopathy compared to other chelators which either had no change or 

increase (deferiprone and Deferoxamine, deferoxamine + deferiprone), p = 0.015. This was 

attributed to a lower proportion of patients on deferasirox developing new-onset 

endocrinopathy and higher proportion showing reversal of disease, compared to other 

chelators. A serum ferritin level of >1300 ng/mL predicted the development of new 

endocrinopathy (p = 0.025) while a level of <200 ng/mL predicted reversal of existing 

endocrinopathy (p = 0.147); (Poggi, et al., 2016).     

 

Also, a multicenter retrospective cohort study in Italy examined the incidence and progression 

of endocrine disorders (hypothyroidism, diabetes, hypoparathyroidism, hypogonadism, 

growth and pubertal delay) during long-term deferasirox chelation therapy in 86 transfusion-

dependent patients with TM treated with once daily deferasirox for a median duration of 6.5 

years, up to 10 years. The incidence of new endocrine complications was 7%.  Six 

pregnancies occurred successfully, and four of them were spontaneous without ovarian 

stimulation. A low rate of new endocrine disorders and a stabilization of those pre-existing 

was observed in a real clinical practice setting (Casale, et al., 2014). 

 

Other studies showed that Combined chelation therapy (Deferiprone and desferrioxamine), 

may improve puberty of β-thalassemia adolescents.  a 3-year prospective study including 42 

poly-transfused males (≥14 years) with thalassemia in Egypt showed that combination 

chelation (DFP and DFO) led to progression of pubertal development after 3 years in half of 

them (El Alfy, et al., 2013).  Also, 52 transfused thalassemia patients, aged 10–49 years, 

were followed over a period of 5–7 years in a prospective study which stated that from 14 

hypogonadal males on testosterone therapy, seven stopped treatment and  of the 19 females, 

who were hypogonadal, six were able to conceive. Moreover, no patients 

developed endocrine complications. These results suggest that intensive combined chelation 

can prevent and reverse multiple endocrine complications associated with transfusion iron 

overload (Farmaki, et al., 2010). 
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Chapter 3 

Subjects and methods 

This chapter deals with the subjects and methods of this study. The researcher started with 

selecting study design, study population, sampling, data collection, questionnaire and 

eligibility criteria.  Additionally, this chapter illustrates the method of analysis, and  ethical 

consideration.  

3.1. Study design and study areas 

A qualitative analytical prospective case control method.  Sixty β-thalassemia major patients 

were selected randomly from two hospitals in the Gaza strip, where thalassemia patients are 

usually monitored and attend regularly for blood transfusion and iron chelation therapy 

administration, in Al Shifaa hospital, and European Gaza hospital.  

3.2. Study sample determination 

3.2.1. Experimental group population 

The study experimental group population was comprised of 259 β-thalassemia major patients 

of both genders over 13 years old, with confirmed diagnosis of beta thalassemia major by 

hemoglobin electrophoresis profile or family history under different chelation regimens 

distributed into the two previous hospitals. 
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3.2.2. Study sample size  

To determine cases and control sample sizes Kelsey's formula case control study sample 

calculator was used as the following: (Kelsey, et al. 1996). 

 

   

Where: 

Zα/2: Standard normal variate, at 5 % type 1 error it equal 1.96 

Z1-B: Standard normal variate for power, for 80% power = 0.84 

 P    :  A measure of variability or average proportion exposed = (P1+P2)/2 =0.2785.  

P1   : Proportion of cases with exposure about  = 0.45 

P2   : Proportion of controls with exposure  about  = 0.057 

r     :  Ratio of sample size (Controls / Cases) about = 0.5  

The minimum sample size for cases was 29 and for control was 15 so, we decided to take 

higher number and took 60 cases and 35 controls.  

So, sixty β-TM patients of both genders aged between 13 and 30 years old selected randomly 

according to the eligibility criteria from both hospitals. Table (3.1) illustrates the number of 

patients in each hospital, and the number of the study sample that was collected from each.  

3.2.3. Study controls 

Thirty-five healthy subjects with the same age and sex distribution as the experimental group 

served as the control group. Clinical and laboratory evaluation of controls was performed in 

the same way as for the cases. In female controls who had experienced menarche, the blood 

samples for FSH, LH, and estradiol were collected in the follicular phase.  
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Table (3.1) Thalassemic patients sample proportion for each hospital. 

Hospitals Population No.         Of total(%) Sample 

Al Shifaa hospital 192 72 43 

European Gaza 

hospital. 

67 28 17 

Total 259 100 60 

3.3. Eligibility criteria for experimental group. 

3.3.1. Inclusion criteria 

1- Patients with β-TM who are 13-30 years old, without a history of hormonal drug use.   

2- All patients must be on a regular blood transfusion program. 

3- All patients subjected to suitable iron chelating program.     

 

3.3.2. Exclusion criteria  

1- Non-transfusion-dependent thalassemia's. 

2- Mental illness. 

3- Bone marrow transplanted patients. 

4- Acute diseases. 

5- Treatment with androgens or anabolic steroids within the last 3 months. 
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3.4. Data collection.  

Data was collected through questioner and  a review of previous medical records, All subjects 

were interviewed by the researcher to complete missing data in patient's file.  Body mass 

index (BMI)was calculated by the researcher using the following formula; BMI= weight (Kg)/ 

height (m
2
).  

BMI of 18.5-24.9 was considered as normal, BMI<18.5were considered as underweight, 

overweight BMI was 25-29.9 and obese ≥30. (NCD Risk Factor Collaboration, 2016). 

Vital signs like heart rate was determined by pulse palpating  and  counting  beats within a 

specific interval of time, while blood pressure was determined by  a sphygmomanometer. 

3.4.1. Questioner Form 

The questioner included major sets of questions. These included: (see appendix 1) 

 Demographic characteristics. 

 Age at first transfusion and  the interval between transfusions. 

 Age of starting ICT. 

 Compliance rate with ICT was defined as percent of doses administered in the week 

out of those prescribed (The use of  DFO regularly 5–7 days a week was considered as 

good, while the use of  DFO less than 5 days a week and less than two days a week 

was considered as poor and very compliance, respectively according to Haghpanah,  et 

al.(2014) and Trachtenberg, et al. (2011).   

 Splenectomy state. 

 Pubertal status, menstruation history. 

 Associated endocrine complications. 

 

3.5. Blood sampling and analytical procedures 

All blood samples were collected in the morning (08.00 – 09.00 am) after an overnight fast, 

and 1–2 weeks after blood transfusion. 
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The investigations included 

 3.5.1. Complete blood count 

Blood samples (5 ml) were collected in EDTA tubes. 30 µl of whole blood was aspirated by 

the cell-Dyn 1800 hematology Analyzer (Sequoia-Turner corporation, California, USA). to 

determine red blood cells count, white blood cell count, platelet count, and hemoglobin 

level.  

3.5.2. Analysis of serum ferritin level   

Blood samples (5 ml) were collected in serum tubes and centrifuged to separate serum. The 

serum was preserved in new plastic screw tip tubes at  -20
o
C until analysis. Serum ferritin 

level was analyzed by full automated IMMULITE Ferritin analyzer (SIMENS, Germany).  

3.6.2.1. Principle 

IMMULITE Ferritin is a solid-phase, enzyme-labeled chemiluminescent immunometric 

assay.  The solid phase (bead)is coated with monoclonal murine anti-ferritin antibody.  The 

liquid phase (reagent) consists of alkaline phosphatase (bovine calf intestine) conjugated to 

polyclonal goat anti-ferritin antibody.  

3.5.2.2. Procedure 

Ten microliters of the patient serum sample and reagent were incubated together with the 

coated bead for 30 minutes.  During this time, ferritin in the sample formed antibody 

sandwich complex with monoclonal murine (rat origin) anti-ferritin antibody on the bead and 

enzyme conjugated to polyclonal goat anti-ferritin antibody in the reagent. 

Unbound patient sample and enzyme conjugate were then removed by centrifugal washes.  

Finally, chemiluminescent substrate was added to the test unit containing the bead and the 

signal is generated in proportion to the bound enzyme according to the analysis method of 

Cox, et al. (2014). 
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3.5.2.3. Reference Range 

Normal ferritin level is (28 – 397 ng/ml) for males and (6 – 159 ng/ml) for females while, iron 

overload was classified as mild (ferritin < 1000 ng/ml), moderate (ferritin >1000 ng/ml and < 

2000 ng/ml) or severe (ferritin >2000 ng/ml); (Casale,  et al., 2015). 

 

3.5.3. Pituitary-gonadal function analysis 

3.5.3.1. Follicle-stimulating hormone analysis  

Blood samples (5 ml) were collected in serum tubes and centrifuged to separate serum. The 

serum was preserved in new plastic screw tip tubes at -20
o
C until analysis. Serum FSH level 

was analyzed by enzyme linked immunosorbent assay (ELISA) technique through full 

automated IMMULITE FSH analyzer (SEMENS, Germany).  

3.5.3.1.1.Principle  

IMMULITE FSH is a solid-phase, enzyme-labeled chemiluminescent immunometric assay.  

The solid phase (bead) is coated with monoclonal murine anti-FSH antibody.  The liquid 

phase (reagent) consists of alkaline phosphatase (bovine calf intestine) conjugated to 

polyclonal goat anti-FSH antibody.  

3.5.3.1.2. Procedure 

Ten microliters of the patient serum sample and reagent were incubated together with the 

coated bead for 30 minutes.  During this time, FSH in the sample formed antibody sandwich 

complex with monoclonal murine anti-FSH antibody on the bead and enzyme conjugated to 

polyclonal goat anti-FSH antibody in the reagent. 

Unbound patient sample and enzyme conjugate were then removed by centrifugal washes.  

Finally, chemiluminescent substrate was added to the test unit containing the bead and the 

signal is generated in proportion to the bound enzyme according to the analysis method of 

Cox, et al. (2014). 
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3.5.3.2. Luteinizing hormone analysis 

Blood samples were collected and treated as in serum FSH analysis, Serum Luteinizing 

hormone level was analyzed by enzyme ELISA technique through full automated 

IMMULITE LH analyzer (SEMENS, Germany). 

 

3.5.3.2.1. Principle  

IMMULITE LH is a solid-phase, enzyme-labeled chemiluminescent immunometric assay.  

The solid phase (bead)is coated with monoclonal murine anti-LH antibody.  The liquid phase 

(reagent) consists of alkaline phosphatase (bovine calf intestine) conjugated to polyclonal 

goat anti-LH antibody.  

3.5.3.2.2.Procedure 

Ten microliters of the patient serum sample and the reagent were incubated together with the 

coated bead for 30 minutes.  During this time, LH in the sample formed the antibody 

sandwich complex with monoclonal murine anti-LH antibody on the bead and the enzyme 

conjugated to polyclonal goat anti-LH antibody in the reagent. Unbound patient sample and 

enzyme conjugate were then removed by centrifugal washes.   

Finally, chemiluminescent substrate was added to the test unit containing the bead and the 

signal is generated in proportion to the bound enzyme according to the analysis method of 

Cox, et al. (2014). 

3.5.3.3. Prolactin analysis 

Blood samples were collected and treated as in serum ferritin analysis, serum prolactin level 

was analyzed by ELISA technique through full automated IMMULITE Prolactin analyzer 

(SEMENS, Germany). 
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3.5.3.3.1. Principle 

IMMULITE prolactin is a solid-phase, enzyme-labeled chemiluminescent immunometric 

assay.  The solid phase (bead)is coated with monoclonal murine anti- prolactin antibody.  The 

liquid phase (reagent) consists of alkaline phosphatase (bovine calf intestine) conjugated to 

polyclonal goat anti- prolactin antibody.  

3.5.3.3.2. Procedure 

Ten microliters of the patient serum sample and the reagent were incubated together with the 

coated bead for 30 minutes.  During this time, prolactin in the sample formed the antibody 

sandwich complex with monoclonal murine anti- prolactin antibody on the bead and the 

enzyme conjugated to polyclonal goat anti- prolactin antibody in the reagent. Unbound patient 

sample and enzyme conjugate were then removed by centrifugal washes.   

Finally, chemiluminescent substrate was added to the test unit containing the bead and the 

signal is generated in proportion to the bound enzyme according to the analysis method of 

Cinquanta, et al. (2017). 

3.5.3.4. Estradiol analysis in females 

 Blood samples were collected from females and treated as in serum FSH analysis, serum 

estradiol level was analyzed by ELISA technique through full automated IMMULITE  

Estradiol analyzer (SEMENS, Germany). 

3.5.3.4.1.Principle 

IMMULITE estradiol is a solid-phase, competitive   chemiluminescent enzyme 

immunometric assay.  The solid phase (bead)is coated with rabbit anti-estradiol polyclonal 

antibody.  The liquid phase (reagent) consists of alkaline phosphatase (bovine calf intestine) 

conjugated to estradiol. 

3.5.3.4.2. Procedure 

Ten microliters of the patient serum sample and the reagent were incubated together with the 

coated bead for 30 minutes.  During this time, the estradiol enzyme conjugate competes with 
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estradiol in the patient sample for limited antibody-binding sites on the bead.  The excess 

sample and reagent are removed by centrifugal wash.  Finally, chemiluminescent substrate is 

added to the bead and signal is generated in proportion to the pound enzyme according to the 

analysis method of Cinquanta, et al. (2017). 

  3.5.3.5. Total testosterone analysis in males 

Blood samples were collected from males and treated as in serum ferritin analysis, serum total 

testosterone level was analyzed by ELISA technique through full automated IMMULITE 

Total testosterone analyzer (SEMENS, Germany). 

3.5.3.5.1. Principle  

IMMULITE total testosterone is a solid-phase, competitive   chemiluminescent enzyme 

immunometric assay.  The solid phase (bead)is coated with rabbit anti- total testosterone 

polyclonal antibody.  The liquid phase (reagent) consists of alkaline phosphatase (bovine calf 

intestine) conjugated to total testosterone.  

3.5.3.5.2. Procedure 

Ten microliters of the patient serum sample and the reagent were  incubated together with the 

coated bead for 30 minutes.  During this time, total testosterone enzyme conjugate competes 

with total testosterone in the patient sample for limited antibody-binding sites on the bead.  

The excess sample and reagent are removed by centrifugal wash.  Finally, chemiluminescent 

substrate is added to the bead and signal is generated in proportion to the pound enzyme 

according to the analysis method of Cinquanta, et al. (2017). 

3.5.3.6. Reference range 

Table(3.2): shows the normal reference rang for hormones  level in males  and females. 
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Table (3.2) Normal reference range for hormones  level. 

Lab. Test Category Range 

FSH 

 

Females with normal  menstrual cycle 1.4-9.9(mIU/ml)
1
 

 

Females without normal menses 5-20 (mIU/ml)
2
 

 

Males 0.7-11.1 (mIU/ml)
1
 

LH 

Females with normal  menstrual cycles 1.7- 12 (mIU/ml)
1
 

 

Females without normal menses 5-40   (mIU/ml)
2
 

Males 1.2-7.8 (mIU/ml)
1
 

Prolactin Male 

 

1-20 (ng/ml)
1
 

 

Female 

 

1-23.2(ng/ml)
3
 

 

Estradiol 

Females with normal  menstrual cycles 

in Follicular phase 

 

 

Females without normal menses 

20-150 (pg/ml)
1
 

 

 

 

< 20.4 (pg/ml)
4
 

Total 

Testosterone 

Males 300-1200 (ng/dl)
5
 

1 (ABIM, 2018), 2(Child, 2011), 3(Shrestha, et al., 2016), 4(Mishra, et al., 2014), 5(De Sanctis et al., 2012). 

mIU: milli International Units  

 

 

 

https://en.wikipedia.org/wiki/International_Units
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3.5.4. Liver function analysis  

Different standard liver tests to assess liver dysfunction were done that include tests  that 

assess injury to the liver as alanine aminotransferase (ALT), aspartate aminotransferase 

(AST), and alkaline phosphatases (ALPs), tests that assess  the excretory function of the liver 

such as  bilirubin and tests that assess the metabolic function of the liver as albumin, total 

protein and international normalized ratio. 

3.5.4.1. analysis 

To perform ALT, AST, ALPs, direct and total bilirubin, albumin and total protein tests blood 

samples were collected and treated as in serum ferritin analysis, then serum was analyzed for 

each substance  by Mindray BS-300 chemistry auto analyzer (Shenzhen, China) using 

colorimetric- absorbance photometric method, that based on the interaction between an 

enzyme and substrate to form and estimate colorimetrically a colored, light-absorbing 

complex by adding other reagent after stopping the enzyme reaction according to Huang, et 

al., (2006). 

To perform INR test also, blood samples were collected in sodium citrate tubes and 

centrifuged to separate serum. The serum was preserved in new plastic screw tip tubes at  -

20
o
C until analysis. Then serum was analyzed by Semi-automated biochemistry Erba chem 

5X analyzer (Mannheim, Germany) using colorimetric- absorbance photometric method, that 

is based on the interaction between an enzyme and substrate to form and estimate 

colorimetrically a colored, light-absorbing complex by adding other reagent after stopping the 

enzyme reaction according to Huang, et al. (2006). 

3.5.4.2. Reference range 

Table (3.3) shows the normal reference range for different liver function tests according to 

American College of Gastroenterology guideline 2016 (Kwo et al., 2017). 
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Table (3.3): Liver function tests normal reference range (Kwo et al., 2017). 

Lab. Test range 

Alanine aminotransferase Adult male 29 to 33 IU/l 

Adult female19 to 25 IU/l 

Aspartate aminotransferase Adult male <35 IU/l 

Adult female<31 IU/l 

Alkaline Phosphatase    40 –125 U/l 

Total Bilirubin 

Direct Bilirubin 

0-2.0 mg/dl 

0.0-0.2 mg /dl 

Albumin 3.2-5.2g/dl 

Protein(total) 6.4-7.8g/dl 

INR [PT patient ÷ MNPT]
ISI

 0.8-1.2 

                  (PT) prothrombin time (MNPT): mean normal prothrombin time. 

                  (ISI): International sensitivity index (range: 0.77-1.16). 
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3.6. Pelvic ultrasound: 

Pelvic ultrasound for both males and females was done by SonoAce R7 Ultrasound Machine  

(Samsung) in the  European Gaza hospital and Al Shifaa hospital radiology departments for 

the determination of female ovarian and uterine maturation and male testicular volume. 

3.7. Sexual maturity rating (SMR) 

Sexual maturity rating was determined according to Tanner method as shown in  table(3.4) 

using data collected by history taking and careful physical examination. 

3.8. Assessment of hypogonadism and delayed puberty: 

3.8.1. Laboratory evidence for hypogonadism 

Laboratory evidence for hypogonadism was based on finding of low FSH and LH with low 

estradiol or testosterone (hypogonadotrophic hypogonadism), or normal FSH and LH with 

low estradiol or testosterone (normogonadotrophic hypogonadism) according to (Noetzli et 

al., 2011). 

 

3.8.2. Pelvic ultrasound and careful physical examination:  

Hypogonadism and delayed puberty in males will be defined by absence of testicular 

enlargement (>4ml) by the age of 18 years or the lack of complete pubertal development for 

more than 5 years after the start of puberty.  While  in females  it  is  defined as:  Absence of 

breast development by the age of 13 years, Primary amenorrhea as the absence of menarche 

by the age of 16 years or a time gap of greater than 5 years between thelarche and menarche  

or Secondary amenorrhea as the absence of menstruation for a period of 6 months at any time 

after menarche (Lunenfeld  et al., 2015, McCabe  et al., 2014).   

 

3.8.3. Tanner staging: 

According to Tanner staging which is illustrated in table (3.4) hypogonadism is diagnosed by 

Tanner stage 2 or 3(De, et al., 2014). 
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Table (3.4):Tanner staging for pubertal development(De, et al., 2014): 

 

Boys - development of 

external genitalia 

 

Girls – breast development 

  

Boys and girls - pubic hair 

 

 

Stage 1: Prepubertal 

 

Stage 1: Prepubertal 

 

Stage 1: Prepubertal (can see 

velus hair similar to 

abdominal wall) 

 

Stage 2: Enlargement of 

scrotum and testes; scrotum 

skin reddens and changes in 

texture 

 

Stage 2: Breast bud stage 

with elevation of breast and 

papilla; enlargement of areola 

 

Stage 2: Sparse growth of 

long, slightly pigmented hair, 

straight or curled, at base of 

penis or along labia 

 

Stage 3: Enlargement of 

penis (length at first); 

further growth of testes 

 

Stage 3: Further enlargement 

of breast and areola; no 

separation of their contour 

 

Stage 3: Darker, coarser and 

more curled hair, spreading 

sparsely over junction of 

pubes 

 

Stage 4: Increased size of 

penis with growth in 

breadth and development of 

glans; testes and scrotum 

larger, scrotum skin darker 

 

Stage 4: Areola and papilla 

form a secondary mound 

above level of breast 

 

Stage 4: Hair adult in type, 

but covering smaller area 

than in adult; no spread to 

medial surface of thighs 

Stage 5: Adult genitalia 

 

Stage 5: Mature stage: 

projection of papilla only, 

related to recession of areola 

Stage 5: Adult in type and 

quantity, with horizontal 

distribution ("feminine") 
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3.9. Data analysis: 

Statistical package for social science (SPSS)version 22 was used for analysis of data, which 

was conducted as follow: 

 Review of the filled questionnaire. 

 Coding the questions. 

 Data entry. 

 Data cleaning. 

 Coding variable. 

 Frequency and cross tabulation of the result. 

 Statistical relationship between hypogonadism and all variables were assessed using 

chi-square and t-Test with (CI) of 95%. 

 

3.10. Ethical consideration: 

1-Approval letter from college of pharmacy (Annex 2). 

2-Ethical approval from Hilsinki committee (Annex 3). 

3-An official letter of request was obtained from MOH (Annex 4) 

4- The researcher has explained the purpose and objectives of the study to all the participants.  

The inclusion in the study was optional and confidential. After the free acceptance to be 

enrolled in the study, each participant was asked to sign the consent form of the study. 
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Chapter 4 

Result 

In this chapter, we are going to present the main study findings in two parts.  The first part 

explains the percent distribution, which provides a description of the data including general 

characteristics, BMI, hemoglobin level, blood transfusion program, iron chelation therapy 

administration and compliance, ferritin and hormonal level results, and liver function tests 

results.  The second part demonstrates relationships between variables that illustrates the 

relationship between hypogonadism and body iron overload, and the different risk  factors 

affecting hypogonadism in β-thalassemia major patients. 

4.1. Sociodemographic and medical characteristics 

A total number of 60 β-thalassemia major patients who are currently managed and transfused 

for the clinical symptoms and manifestations of the disease and 35 controlled persons from 

obstetrics and gynecology clinics in Gaza Strip were invited to participate in the present 

study.   

The general sociodemographic and medical characteristics of the sample is shown in table 

(4.1). Out of 60 patients included in this study; 29(48.3%) patients were males and 31(51.7%) 

patients were females, while 18(51.5%) and 17(48.5%) of controls were males and  females 

respectively.  The mean age of study patients was 21.08 years (±SD 3.8) and study controls 

was 21.11years (±SD 3.86).  Moreover, the mean height of the thalassemia males and females  

(case group) was (153, 150) cm that was significantly shorter than that of the control group,  

(165, 163) cm for males and females respectively (P<0.005).  Also, the mean weight of males 

and females of the case group participants (48, 46) kg, was significantly lower than that of the 

control group (65, 63) Kg for males and females respectively (P<0.005).  

Regarding BMI distribution for the study sample. About 32(53.34%) of patients had normal 

BMI, and 28(46.67%) of them were underweight, while one (2.9%) of control group had 

underweight BMI, 22(62.9%) had normal BMI, 9(25.71%) of them were overweight, and 

3(8.58%)of them were obese.   
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Table (4.1) Sociodemographic and medical characteristics 

 

Variables 

 

Cases (n=60) 

 

Controls (n=35) 

 

P-Value
a
 

Gender              Male 

No. (%)            Female 

29 (48.3) 

31 (51.7) 

18(51.5) 

17(48.5) 

0.833 (X2) 

Age                       Mean ± SD 21.08 ± 3.85 21.11± 3.86 0.970  

Age groups (year)       13 – 21 

   No. (%)                     22 – 30  

36 (60) 

24 (40) 

22(63) 

13(37) 

0.783 (X2) 

Height (cm)                  Male  

Mean ± SD               Female 

152.76± 6.39 

149.71± 7.68 

164.78± 2.94 

162.94± 1.95 

0.001
*
 

0.001
*
 

Weight (kg)                  Male 

Mean ± SD                Female 

47.52± 9.4 

46.19± 8.98 

65.39± 10.01 

63.29± 9.25 

0.001
*
 

0.001
*
 

BMI                       Mean ± SD 19.97±  2.74 23.91±  3.12 0.001
*
 

BMI  groups                 <18.5    

   No. (%)                 18.5-24.99 

                               25-29.99 

                               ≥30 

28 (46.67) 

32 (53.34) 

-- 

-- 

1(2.9) 

22(62.9) 

9 (25.7) 

3 (8.5) 

0.001†* 

 

 

 

Splenectomy                   Yes 

No. (%)                            No 

45 (75) 

15 (25) 

-- 

35(100) 

0.001(X2)
*
   

Other endocrine disease   

No. (%)                      Present 

                          Absent 

 

6 (10) 

54 (90) 

 

-- 

35(100) 

0.082 (X2) 

 Abbreviation: BMI; body mass index (calculated according to NCD Risk Factor Collaboration, 2016 page 35).  
a
 Statistical testing using independent sample t test, chi-square test (X

2
)  or  Fisher‘s exact test(†).  

* Difference is significant at the 0.05 level (2-tailed). 
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Splenomegaly was reported to be a major complication among our sample patients that was 

mainly managed by spleenectomy.  Forty-five (45) patients represented (75%) of the 

thalassemic patients were spleenectomized to prevent the signs of hypersplenism such as 

leukopenia, thrombocytopenia or an enormous spleen, and 25% had normal spleen, while all 

controls had normal spleen.  Also, 6(10%) of patients had diabetes mellitus, while there was 

no endocrine disorders among the study controls. 

4.2. Hemoglobin level and iron status of the study sample: 

Reviewing the medical files of the studied patients revealed that all of them were diagnosed in 

the first year of life through hemoglobin electrophoresis and began blood transfusion. The 

mean age at the first transfusion was four months (range 1–10 months). 

Tables (4.2) shows that study thalassemic patients (case group) current pre-transfusion mean 

Hb levels was 7.64 (±SD 0.87) g/dl, and 7.48(±SD 0.86) g/dl for males and females 

respectively, which was significantly lower  than the mean Hb levels of  study controls 14.14 

(±SD 0.48) g/dl, and 12.18 (±SD 0.47) g/dl for males and females respectively (P<0.005).  

The distribution of study sample according to three Hb level intervals shows about 

56(93.33%) of thalassemic patients were below the expected pre-transfusion hemoglobin 

level (9-10) g/dl.  To correct the anemic status among thalasssemic patients, all of them were 

given packed red blood cells.  Data shown in (Figure 4.1) represent the distribution of patients 

according to the number of blood transfusions per year which range between 12-24 blood 

transfusions.  Frequent transfusions is associated with iron overload that usually is reflected 

by serum ferritin.  

 

 

20% 

33% 

47% 

12 Blood transfusion per year

16 Blood transfusion per year

24 Blood transfusion per year

Figure (4.1) Distribution of study patients according to the blood transfusion intervals. 
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The mean serum ferritin concentration for thalassemia males was 6381 (±SD 2813) ngml 

range between (2000-13350) was significantly higher than the mean serum ferritin 

concentration of study control males 170 (±SD 25) ngml (P<0.005).  Also, the mean serum 

ferritin concentration for thalassemia females was 7007 (±SD 2895) ngml range between 

(3000-14890) was significantly higher than the mean serum ferritin concentration of  study 

control females 106 (±SD 29) ngml (P<0.005). This revealed that all thalassemic patients of 

the study sample had severe iron overload with ferritin level more than (2000 ng/ml) which 

serves as a risk factor for multiple endocrine dysfunctions. 

Table (4.2) Distribution of study sample according to hemoglobin level, transfusion 

regimen and iron status. 

Variable Cases(n=60) Controls(n=35) P-value
a
 

Blood hemoglobin (gdl) [Mean ± SD] 

Males  

Females 

 

7.64 ±0.87 

7.48 ±0.86 

 

14.14 ±0.48 

12.18 ±0.47 

 

0.001
*
 

0.001
*
 

Blood hemoglobin categories 

6-7.49 

7.5-8.99 

9≤ 

 

29(48.33%) 

27(45%) 

4(6.67%) 

 

-- 

-- 

35(100%) 

0.001 (X
2
)
*
 

Ferritin (ngml) [Mean ± SD]  

Males  

Females 

 

6381± 2813 

7007± 92895 

 

170 ± 25 

106 ± 29 

 

0.001
*
 

0.001
*
 

a 
Statistical testing using independent sample t test or  chi-square test (X

2
).   

* Difference is significant at the 0.05 level (2-tailed). 
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66.67% 

33.33% 
Before 10 years old

After 10 years old

4.3. Iron chelating therapy characteristics and compliance rate. 

All patients who participated in this study were using iron chelating agents, specifically 

Deferoxamine (Desferal)® due to unavailability of other chelators at the ministry of health for 

about one year.  

The mean dose of (Desferal)® for study patients was 49.27 (±SD 23.6) mg/kg/day 

(range1500-5000mg/day) administered by slow subcutaneous (SC) infusion over a span of 8-

12 hours using an infusion pump for 5 nights per week.   

4.3.1. Distribution of patients according to age of using iron chelation 

therapy. 

 About 40(66.67%) of patients used chelating agents at earlier dates before the age of 10 

years, while the rest of patients 20(33.33%) used iron chelation therapy after the age of 10 

years as shown in figure(4.2).  

 

 

 

 

 

 

Figure (4.2) Use of  iron chelation therapy according to the age of patients. 

 

 

 

 

 



   

53 
 

 

4.3.2. Compliance rate to ICT  

Figure (4.3) shows that only  13(21.67%)of patients had good compliance to the chelation 

regimen, while 15(25%) had poor compliance, and the majority of patients  32(53.33%) had 

very poor compliance to the therapy regimen,  that resulted from practical issues such as 

difficulty with DFO infusions, intolerance of a particular chelator, or from psychological / 

psychosocial issues, socio-economic status, and lack of family support. 

 

 

Figure (4.3) Compliance to chelation therapy regimen. 

 

4.4. Characteristics of patient’s liver function test levels  

Table (4.3) shows significantly worsened liver  function test  levels results for β-thalassemia 

major patients compared to controlled persons (ALT 82.68±38.9 IU/l; AST 76.5 ± 41.4 IU/l;   

ALP 355.42±108.98U/l; T. Protein 6.29±0.63 g/dl; Albumin 3.87 ± 0.46(g/dl); D. bilirubin 

0.61± 0.32 mg/dl; T. bilirubin 2.13±1.39 mg/dl; and INR 1.25±0.12,  P < 0.001). 

 

 

 

 

 

22% 

25% 
53% 

Good Compliancee

PoorCompliancee

Very poor Compliancee
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Table (4.3) Characteristics of the study sample liver function levels. 

 

a Statistical testing using independent t-Test. 

* Difference is significant at the 0.05 level (2-tailed). 

INR: International normalised ratio = [PT patient ÷ MNPT]ISI 

(PT) prothrombin time  (MNPT):mean normal prothrombin time , (ISI): International sensitivity index 

 

4.5. Patients Gonadal function status: 

4.5.1. Patient’s Gonadal hormones  level 

Table (4.4) shows gonadal hormone level results for the study sample. In the gonadal profile, 

LH and FSH were significantly different between cases and controls in males and females 

(P=0.001, P=0.005, P= 0.001, and P=0.010, respectively).  Males and females of thalassemic 

patients also, had significantly lower concentrations of total testosterone and estradiol than 

controls (P=0.001
 
and P= 0.014, respectively). Prolactin was not significantly different 

between cases and controls in males and females (P=0.303, and P=0.110, respectively). 

 

 

Variable 

Cases Controls  

P-value
a
 Mean ± SD Mean ± SD 

ALT(IU/l) 82.68 ± 38.9 24.71± 5.44 0.001
*
 

AST(IU/l) 76.5 ± 41.4 24.63± 6.25 0.001
*
 

ALP (U/l) 355.42±108.98 2201.01- 209.00 0.001
*
 

T. Protein(g/dl) 6.29±0.63 7.44±0.47 0.001
*

 

Albumin (g/dl) 3.87 ± 0.46 4.11± 0.17 0.001
*
 

D. bilirubin (mg/dl) 0.61± 0.32 0.1397± 0.04 0.001
*
 

T. bilirubin (mg/dl) 2.13±1.39 0.72± 0.09 0.001
*
 

INR 

 

1.25±0.12 0.93± 0.05 0.001
*
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Table (4.4) Study sample gonadal hormones level 

 

Variable 

Cases Controls  

P-value
 a

 Mean ± SD Mean ± SD 

LH (mIU/ml) 

     Female 

     Male 

 

2.70 ± 2.70 

1.87 ± 1.79 

 

6.15 ±1.24 

6.27 ±0.79 

 

0.005
*
 

0.001
*
 

FSH (mIU/ml) 

     Female 

     Male 

 

3.46 ± 2.96 

2.11 ± 1.89 

 

5.42±1.19 

5.62± 0.7 

 

0.010
*
 

0.001
*
 

Estrogen in females 

(Pg/ml) 

28.07 ±21.86 67.22 ±27.47 0.001
*
 

 

Total testosterone in 

males (ng/dl) 

168.62 ± 174.03 486 ±118.14 

 

0.001
*
 

Prolactin(ng/ml) 

     Female 

     Male 

 

11.67±5.06 

10.97±5.54 

 

9.92 ±2.43 

12.4 ±3.84 

 

0.110 

0.303 

              a Statistical testing using independent t-Test. 

              * Difference is significant at the 0.05 level (2-tailed). 

 

 

4.5.2. Patients distribution according to gonadal function status: 

According to hormonal level profile, pelvic ultrasound, careful physical examination, and 

Tanner staging patients gonadal functions and pubertal status were evaluated.  This revealed 

that 31 (88.5%) of study controls had normal gonadal functions, while only 15 (25%) of study 

cases (thalassemic patients) had normal gonadal functions and puberty, while 45 patients 

(75%) had hypogonadism and delayed puberty.  Controls and patients with hypogonadism 

divided into hypo-gonadotrophic hypogonadism (HH, secondary) that characterized by low 

FSH and LH with low estradiol or testosterone, and normo-gonadotrophic hypogonadism 

(NH, primary) with normal FSH and LH and low estradiol or testosterone as shown in table 

(4.5). 
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Table (4.5) Patients distribution according to gonadal function status. 

HH: Hypo-gonadotrophic Hypogonadism, NH: Normo-gonadotrophic Hypogonadism. 

 

4.5.3. Levels of gonadal hormones in thalassemic patients with hypogonadism  and 

normal gonadal functions status: 

Gonadal hormones level of patients with hypogonadism and normal gonadal functions status   

revealed a significant difference between the two groups.  All gonadal hormones level except 

prolactin showed statistically significant variations between hypogonadism and normal 

gonadal functions status groups (Table 4.6). 

 

 

 

 

 

 

 

 

Gonadal function status   Cases Controls 

No. % No. % 

Normal 15 25 31 88.5 

HH 32 53.33 1 2.8 

NH 13 21.67 3 8.7 

Total 60 100 35 100 
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Table (4.6) Levels of gonadal hormones in patients with hypogonadism and normal 

gonadal functions. 

a Statistical testing using independent t-Test. 

* Difference is significant at the 0.05 level (2-tailed) 

 

4.6. Symptoms of hypogonadism in the study sample   

4.6.1. Symptoms of hypogonadism in females:  

Hypogonadism, and delayed puberty appeared in 3 (17.6%) females of controlled group and 

22 (70.96 %) females of thalassemic group characterized by absence of breast development 

by the age of 13 years, Primary amenorrhea or Secondary amenorrhea. Two females (11.76) 

of controlled group with hypogonadism had normogonadotrophic hypogonadism (NH) with 

normal FSH, LH and low estradiol while one female (5.89) had hypogonadotrophic 

hypogonadism (HH) with low FSH, LH and low estradiol, while thalassemic females with 

hypogonadism divided into 18 females (58.1%) with HH and 4 females (12.90%) with NH.    

Parameters Hypogonadism 

Mean ± SD 

Normal 

Mean ± SD 

 

P-value
 a

 

LH (mIU/ml) 

     Female 

     Male 

 

2.04±2.10 

1.17±1.05 

 

4.31±3.42 

4.55±1.5 

 

0.030
*

 

0.001
*

 

FSH (mIU/ml) 

     Female 

     Male 

 

2.7 ±2.86 

1.64±1.71 

 

5.32±2.44 

5.08±2.28 

 

0.020
*

 

0.001
*

 

Estrogen in females 

(Pg/ml) 

18.50 ± 9.89 77.37 ±72.21 .040
*

0 

Total testosterone in 

males (Pg/dl) 

95.22 ± 75.09 450.0 ± 158.11 0.001
*
 

Prolactin(ng/ml) 

Female 

Male 

 

11.98 ±5.03 

11.15 ±5.73 

 

10.92±5.36 

10.32 ±5.28 

 

0.610 

0.750 
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As shown in table (4.7) the normal females had normal menstruation, while females of 

thalassemic and controlled groups with hypogonadism had menstrual irregularities. Primary 

amenorrhea as the absence of menarche by the age of 16 years or a time gap of greater than 5 

years between the larche and menarche  was found in one female (100%) of controlled group 

with HH, 8 (44.44%) of thalassemic females  of HH group and one thalassemic  female (25%)  

in the  NH group, while secondary amenorrhea means  the absence of menstruation for a 

period of 6 months at any time was found in two females of controlled group with  NH, ten 

(55.56%) of thalassemic females of HH group and 3 (75%) thalassemic  females in the  NH 

group. 

Table (4.7) Distribution of study females according to gonadal function and menstrual 

status. 

HH: Hypo-gonadotrophic Hypogonadism, NH: Normo-gonadotrophic Hypogonadism, 1ry: primary 

Amenorrhea, 2ry: Secondary Amenorrhea. 

 

According to Tanner staging all normal group participants had Tanner stage 5 with mature 

breast development and adult pubic hair distribution, while both groups of hypogonadism had 

different Tanner stages of breast development and pubic hair distribution as shown in table 

(4.8).  

Gonadal 

function 

categories 

Case 

(n=31) 

No. (%) 

Controls 

(n=17) 

No. (%) 

Menstrual 

status 

categories 

Cases  

(n=31) 

No. (%) 

Controls 

(n=17) 

No. (%) 

Normal 9 (29.0) 14 (82.35) 

 

Normal 

menstruation 

9 (29.0) 14 (82.35) 

HH 18 (58.1) 1 (5.89) 1ry 8 (44.4) 

 

1 (100) 

2ry 

 

10 (55.6) -- 

NH 4 (12.9) 2 (11.76) 1ry 

 

1 (25) -- 

2ry 3 (75) 2 (100) 
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Pelvic ultrasound results for study females are represented in table (4.8).  All normal females 

had normal uterine size and ovaries volume, while 50% of thalassemic females with HH had 

small uterine size and ovarian volume, the other 50% had normal uterine size and ovarian 

volume.  Females with NH were divided into two subgroups, 50% of them with small uterine 

size and ovarian volume, and others with normal uterine size and ovarian volume.  All 

controlled female participants with hypogonadism had normal uterine size and ovarian 

volume. 

Table(4.8)Distribution of study females according to sexual maturity rating and pelvic 

ultrasound results. 

HH: Hypo-gonadotrophic Hypogonadism, NH: Normo-gonadotrophic Hypogonadism. 

 

 

Gonadal 

function 

categories 

Sexual 

Maturity 

Rating 

Cases 

No. % 

Controls 

No. % 

Pelvic ultrasound 

results  

Cases 

No. (%) 

Controls 

No. (%) 

Normal Total T5 9 (29.0) 14 (82.35) Normal uterine 

size and ovarian 

volume 

9 (29.0) 14 (82.35) 

 

 

 

 

HH 

 

 

T1 

T2 

T3 

T4 

T5 

2 (11.1) 

2 (11.1) 

3 (16.7) 

1 (5.55) 

10 (55.6) 

 

 

 

 

1 (100) 

 

Small uterine and 

small ovaries 

 

 

 

 

9 (50) 

 

-- 

Normal uterine 

size and ovaries 

volume 

 

9 (50) 

 

 

 

1 (100) 

 

 

 

 

NH 

T1 

T2 

T3 

T4 

T5 

-- 

-- 

1 (25) 

0 (00) 

3 (75) 

 

 

 

 

2 (100) 

Normal uterine 

size and small 

ovaries 

 

2 (50) 

 

-- 

Normal uterine 

size and ovaries 

volume 

 

2 (50) 

 

2 (50) 
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4.6.2. Symptoms of hypogonadism  in males:  

Hypogonadism, and delayed puberty appeared in one (5.5%) male of controlled group and 

23(79.31%) males of thalassemic group characterized by absence of testicular enlargement 

(>4ml) by the age of 18 years or lack of complete pubertal development for more than 5 years 

after the start of puberty. Thalassemic male group with hypogonadism divided into 14 males 

(48.28%) with HH with low FSH, LH and low testosterone levels and 9 males (31.03%) with 

NH with normal FSH, LH and low testosterone levels, while one controlled male had NH.  

As shown in table (4.9) all members of the normal group had Tanner stage 5 with adult male 

external genitalia development and adult pubic hair distribution. Both groups of 

hypogonadism had different Tanner stages of external genitalia development and pubic hair 

distribution as shown in table (4.9). 

Pelvic ultrasound results for male patients (table 4.10) indicate that all normal males had 

normal testicular volume and echogenicity, while all males of the control group and patients 

with NH had small testicular volume less than 4 ml.  Patients with HH were divided into five 

patients with small testicular volume due to the development of hypogonadism before the 

onset of puberty, but the other 9 patients had normal testicular volume. 
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Table (4.9) Distribution of study males according gonadal function status and  sexual 

maturity rating results. 

 

HH: Hypo-gonadotrophic Hypogonadism, NH: Normo-gonadotrophic Hypogonadism 

 

 

 

 

 

 

Gonadal function 

categories 

Cases 

n=29 

No. (%) 

Controls 

n=18 

No. (%) 

Sexual 

Maturity 

Rating 

Cases 

No. (%) 

Controls 

No. (%) 

 

Normal 

 

6 (20.68) 

 

17 (94.5) 

 

 

T5 

 

6 (20.68) 

 

17 (94.5) 

 

 

 

HH 

 

 

14 (48.28) 

 

 

 

 

-- 

T1 

T2 

T3 

T4 

T5 

-- 

3 (21.43) 

5 (35.71) 

0 (00) 

6 (42.86) 

 

 

 

NH 

 

 

9 (31.04) 

 

 

1 (5.5) 

 

 

T1 

T2 

T3 

T4 

T5 

-- 

1 (11.11) 

4 (44.44) 

1(11.11) 

3 (33.34) 

 

1(100) 
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Table(4.10)Distribution of study males according to pelvic ultrasound results. 

 

 

 

 

 

 

 

 

 

 

                

                        HH: Hypo-gonadotrophic Hypogonadism, NH: Normo-gonadotrophic Hypogonadism 

 

 

 

 

 

 

 

 

 

 

 

Gonadal 

function 

categories 

Pelvic 

ultrasound 

results 

Cases 

n=29 

No.  (%) 

Controls 

n=18 

No. (%) 

 

Normal 

Normal testes 

size--Normal 

echogenicity 

 

6 (20.68) 

 

17 (94.5) 

 

 

 

HH 

Normal testes size-

-Normal 

echogenicity 

 

9 (64.29) 

 

-- 

Small testes--

Normal 

echogenicity 

 

5 (35.71) 

 

-- 

 

NH 

Small testes-

Normal 

echogenicity 

9 (100) 1 (100) 
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4.7. Relationship between hypogonadism and other variables: 

4.7.1. Relationship between hypogonadism and sociodemographic and medical status of 

thalassemic patients: 

4.7.1.1.Age and gender 

As shown in table (4.11) according to the age, patients were divided into two groups the first 

between 13 and 21 years and the second between 21 and 30 years.  The prevalence of 

hypogonadism was 77.78% in the first group and 70.83% in the second, also the prevalence of 

hypogonadism was 79.31% in males and 70.97% in females.  No significant relationship 

between hypogonadism and age and gender with p value respectively about (0.54 and 0.45) 

indicating no effect of age and gender on the state of hypogonadism. 

4.7.1.2. BMI 

As shown in table (4.11) the prevalence of hypogonadism in BMI groups is 92.86% in 

underweight patients, and 59.37% in normal patients respectively. This difference was 

statistically significant (p-value=0.003) showing high relationship between hypogonadism 

and BMI.  

4.7.1.3. Splenectomy 

The prevalence of hypogonadism among splenectomized patients was about 75.56%, 

compared to 73.33% among normal group. This difference did not reach the statistically 

significant differences (p-value=0.556) indicating no effect for spleen status on the 

hypogonadism state. 

4.7.1.4. Other endocrine diseases 

Hypogonadism was found in all patients who had other endocrine diseases and in 72.22% of 

patients without other endocrine disease. This difference did not reach the statistically 

significant differences (p value= 0.321) showing no relationship between hypogonadism and 

presence of other endocrine disorders. 
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 Table (4.11) Relationship between hypogonadism and sociodemographic and medical 

characteristics (n=60) 

 

Abbreviation: BMI; body mass index (calculated based on (NCD Risk Factor Collaboration, 2016, page 35). 
a 
Statistical testing using chi-square test or † Fisher‘s exact test.  

* Difference is significant at the 0.05 level (2-tailed). 

 

 

 

 

 

 

 

Variable categories Hypogonadism 

(n=45) 

No.(%) 

Non-Hypogonadism 

(n=15) 

No.(%) 

 

p-value 
a
 

Age (year) 

 

13 – 21 

22 – 30 

28 (77.78) 

17 (70.83) 

8 (22.22) 

7 (29.17) 

0.54 

 

Gender Male 

Female 

23 (79.31) 

22 (70.97) 

6 (20.69) 

9 (29.03) 

0.45 

 

BMI <18.5   

 18.5-24.99                                          

26 (92.86) 

19(59.37) 

2 (7.14) 

13 (40.63) 

0.003* 

 

Splenectomy 

 

Yes 

No 

34 (75.56) 

11 (73.33) 

11 (24.44) 

4 (26.67) 

0.556† 

Other 

endocrine 

disorder 

Present 

Absent 

6 (100) 

39 (72.22) 

0  (0) 

15 (27.78) 

0.321† 
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4.7.1.4. Liver dysfunction  

Table (4.12) shows the difference in liver functions test levels between hypogonadism and 

normal groups. There was no significant difference between  them in most of these tests 

including ALT, AST, ALP, total protein, albumin, and INR tests, however  a significant 

difference was found between  them in direct and total bilirubin tests levels that mainly 

resulted from higher rate of blood transfusion among the hypogonadism group than normal 

group causing more hemolysis and bilirubin production. 

Table (4.12) Characteristics of the patient’s liver function levels (n=60) 

Variable Hypogonadism 

(n=45) 

Mean ± SD 

Normal  

(n=15) 

Mean ± SD 

 

p-value 
a

 

ALT 87.2 ± 39.60 69 ± 34 0.11 

AST 80.6 ± 42.80 64.1 ± 35.4 0.18 

ALP 366.31 ±117.82 320.93±68.72 0.073 

T. Protein 6.27 ± 0.60 6.33±0.73 .7700 

Albumin 3.83±0.50 4.01±0.29 0.080 

D. bilirubin 0.33±0.66 0.47±0.26 .048
*

0 

T. bilirubin 2.39 ±1.48 1.46 ± 0.68 0.020
* 

INR 1.27±0.13 1.21±0.09 0.090 

a 
Statistical testing using independent sample t test. 

*
 Difference is significant at the 0.05 level (2-tailed). 
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4.7.2. Relationship between hypogonadism and thalassemic hemoglobin level, 

transfusion regimen and iron status. 

4.8.2.1. Relationship between hypogonadism and pre-transfusion hemoglobin level: 

Table (4.13) shows that hypogonadism rate in 6-7.49 (gdl) pre-transfusion Hb group was 

96.5%, its rate in 7.5-8.9 (gdl) group was 59.3%, while it was only found in 25% of patients 

with Hb level ≥9 (gdl).  Significant relationship was found between pre-transfusion Hb level 

and hypogonadism (p-value =0.001) which indicates that, low pre-transfusion Hb level is a 

risk factor for hypogonadism. 

 

4.8.2.2. Relationship between hypogonadism and blood transfusion rate per year: 

As shown in table (4.13) the prevalence of hypogonadism was high among patients who 

transfuse blood 16 or 24 times per year, since it was 80% and 85.71% respectively. On the 

other hand, prevalence rate in patients who transfuse blood 12 time per year was 41.67%. 

These differences reached statistically significant levels (p-value=0.011) making iron 

overload as a result of high blood transfusion rate a risk factor for hypogonadism. 

 

4.7.2.3. Relationship between hypogonadism and ferritin level 

Table (4.13) shows that all normal and hypogonadism thalassemic patients had serum ferritin 

levels higher than 2000 ngml, and there were significantly higher serum ferritin levels in the 

hypogonadism group compared with the normal Group (p-value=0.001). Significant negative 

correlation (t = -3.661) was found between serum ferritin and hypogonadism which revealed 

that, the increment in serum ferritin level results in deterioration in gonadal functions.   

  

4.7.2.4. Relationship between hypogonadism and age of starting ICT : 

Table (4.13) illustrates that the prevalence of hypogonadism was high among patients who 

started ICT after the age of 10 years old, compared to the patients who started it before the 

age of 10 years old, since it was 95% and 65% respectively. These differences reached 

statistically significant levels (p-value=0.012) referring to the role of early use of ICT in 

fighting iron accumulation and prevention of hypogonadism. 
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4.7.2.5. Relationship between hypogonadism and compliance to ICT : 

Table (4.13) shows significant relationship between hypogonadism and compliance to iron 

chelation therapy (p-value=0.001). It is noticed that the percentage of patients with 

hypogonadism who have very poor compliance to ICT were 93.75%, illustrating the role 

played by ICT in reducing iron overload and prevention of hypogonadism. 
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Table (4.13) Patients hemoglobin level, transfusion regimen and iron status(n=60) 

 

a 
Statistical testing using independent sample t test, chi-square test (X2) or Fisher‘s exact test (†) 

* Difference is significant at the 0.05 level (2-tailed). 

 

 

 

Variable Categories Hypogonadism 

(n=45) 

n(%) 

Normal 

(n=15) 

n(%) 

 

p-value 
a
 

Hb Levels 

 

6-7.49 

7.5-8.99 

9≤ 

28(96.5) 

16(59.3) 

1(25) 

1(3.5) 

11(40.7) 

3(75) 

0.001
*†

 

 

 

Transfusion rate per 

year 

 

12 per year 

16 per year 

24 per year 

5(41.67) 

16 (80) 

24(85.71) 

7(58.33) 

4 (20) 

4(14.29) 

0.011
*
 (X2) 

 

Ferritin (ngml) 

 

Mean ± SD 

 

7265± 2955.5 

 

5022±1649.5 0.001
*
 

t= -3.661 

Age of starting ICT Before 10 years old 

After 10 years old 

26 (65) 

19 (95) 

14 (35) 

1 (5) 

0.012* (X2) 

Compliance rate 

 

Good Compliance  

Poor Compliance 

Very poor 

Compliance 

6 (46.15) 

9 (60) 

30(93.75) 

7 (53.85) 

6(40) 

2(6.25) 

0.001
*†
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Discussion 

This study gives assessment for the prevalence of hypogonadism among patients with 

transfusion dependent β-TM on standard regimen of iron chelation therapy and provides a 

detailed investigation of the relationship between hypogonadism and several risk factors 

including sociodemographic, anthropometric, medical factors, iron levels and iron chelation 

status  among patients with β-TM patients in Gaza strip.  

5.1. Prevalence of  hypogonadism 

To define hypogonadism this study used the criteria set by  International Network on 

Endocrine Complications in Thalassemia (I-CET): which considered it as  absence of 

testicular enlargement in boys (less than 4 ml) by the age of 18 years, and the absence of 

breast development by the age of 16 in girls, while complete lack of pubertal development in 

girls by the age of 13, and in boys by the age of 14 is considered as delayed puberty (De 

Sanctis, et al., 2013). 

The present study showed that the prevalence of hypogonadism among β-TM patients in Gaza 

strip was 75%.  No previous studies assessed the prevalence of hypogonadism  in Gaza strip. 

In the West Bank, several studies assessed this abnormal endocrine disease. Their results were 

close to our result for example, a study carried out by Daraghmeh N. in thalassemia ward at 

AL-Wattani hospital in Nablus among 75 β-TM patients found that hypogonadism was the 

most prevalent endocrinopathy and represented by 46.7% of the tested patients including both 

primary and secondary hypogonadism (Daraghmeh, N., 2016).  Another cross-sectional study 

carried out by Dumaidi et al. in four Palestinian districts, Al-Khalil, Ariha (Jericho), Ramallah 

and Jenin among 61 β-TM patients found that the incidence rate of hypogonadism among 

cases was 47% (Dumaidi, et al., 2015). 

According to thalassemic consultants  the main reason for high prevalence of hypogonadism 

among β-TM patients in Gaza strip was the lack of oral iron chelators and the presence of 

deferoxamine in small quantities that was not  enough for the need of all patients that mainly 

due to the Israeli siege imposed on the Gaza Strip from 10 years ago, which led to a shortage 

of more than 50% of drug list at the ministry of health hospitals (PMOH, 2018). 
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The prevalence of hypogonadism in this study was similar to the prevalence of hypogonadism 

and delayed puberty in several studies in which hypogonadism was the most frequent 

endocrine complication in β-TM patients in various areas around the world, being as high as 

50–100% in various populations (Albu, A., & Albu, D., 2018).  For example, a cross sectional 

study was conducted in India among 89 β -TM patients aged 16 to 32 years, and found that 

the incidence rate of hypogonadism was 54.1% (Sharmal, et al., 2014).  Other studies were 

conducted in Romania and Saudi Arabia among 85 and 81 β-TM patients respectively, aged 

13–36 years, and hypogonadism prevalence were 69.4% and 52.7% respectively (Albu, et al., 

2014, Habeb, et al., 2012),  

In turn, a study conducted on 382 β-TM patients treated with Deferoxamine at the 

Thalassemia Centre in Dubai showed a significantly low prevalence of hypogonadism of only 

25% (Belhoul, et al., 2012) that mainly because  treatment is fully available to all patients  

free of charge by the government of Dubai and  the latest medical treatments for patients was 

provided as deferasirox (DFX) iron chelator which can be administrated orally once daily thus 

ensuring patient continuity with treatment.  Also, a cohort study in Taiwan among 454 

patients with the diagnosis of TM during the period from 2007 to 2011 showed that the 

prevalence of hypogonadism in patients with β-TM aged 13-30 years was 23.1% (Wu, et al., 

2017) that mainly  because taiwanese thalassemic patients have enjoyed universal health care 

through National Health Insurance (NIH), receiving comprehensive treatment at minimal cost. 

In 1984, a national program for thalassemia prevention, control, and hematopoietic stem cell 

transplantation (HSCT) was initiated.  Also, chelation agents like deferoxamine, deferiprone, 

and deferasirox  are available in Taiwan, and therapy is tailored to individuals based on drug 

availability and tissue distribution of iron load. 

5.2. Assessment of hypogonadism and delayed puberty 

This study found that 25% of the study participants (15 of 60) had normal gonadal status, 

38.33% (23 of 60) had early forms of hypogonadism (delayed or arrested puberty), and 

36.67% (22 of 60) developed hypogonadism after complete sexual maturation.    

 

To assess hypogonadism and delayed puberty several methods were used, these were 

laboratory assessment, pelvic ultrasound and Tanner staging.  Starting with laboratory 

assessment mean levels of FSH and LH, estradiol in females, and testosterone in males were 

significantly lower in cases than in controls (p< 0.05). This result was in agreement with that 

of Majeed, M. (2017) study that was conducted on sixty Iraqi patients with β-TM and 
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revealed that, all hormones assessed were significantly lower in β-TM cases compared to 

healthy patients (p<0.001).  

 

Regarding  the menstrual status, adult females presented  hypogonadism in the form of total 

absence of spontaneous menarche (primary amenorrhea): this applied to 29% of female 

participants with β-TM, as confirmed by the low level of estradiol, while the other form is 

lack or irregular menses (secondary amenorrhea)was found in 42% of female participants 

with β-TM.  In males hypogonadism was in the form of sexual infantilism: this applied to 

72% of male participants with β-TM which is in agreement with different studies carried out 

by Merchant & Shirodkar, 2011; Moayeri, H. & Oloomi, Z.,2006 in India and Iran 

respectively.  

 

A grossly impaired pattern of sexual maturity rating (SMR) was found in our β-TM patients. 

About 2 (3.33%), 6 (10%), 19 (21.6%) of cases group had an SMR of T1, T2, and T3 

respectively (Tables 4.9, 4.10), while all of normal subjects had an SMR of T5.  These results 

were similar to those seen in  several studies like those carried out by Hagag, et al., 2016 in 

Egypt, which showed  that about 26 (32.5%), 30 (37.5%), 24 (30%) of cases group had an 

SMR of T1, T2, and T3 respectively in females with β-Thalassemia major and Vahidi, et al., 

2003 study in Iran which stated that about 26 (36.6%), 20 (28.2%), 19 (26.8%) of cases group 

had an SMR of T1, T2, and T3 respectively in patients with β-TM.  The impaired sexual 

maturity was accompanied by significant decreases in gonadotropin and sex hormone levels, 

indicating that iron deposition in the pituitary gland and gonads could be the primary reason 

for delayed puberty in these patients. The high mean levels of ferritin found in our 

thalassemic patients 6381.34 ng/ml, and 7007.45ngml for males and females respectively 

versus normal ferritin values (28 – 397 ng/ml) for males and (6 – 159 ng/ml) for females 

supported the evidence for this mechanism of pubertal disorder. 

 

5.3. Relationship between hypogonadism and other variables: 

5.3.1. Relationship between hypogonadism and sociodemographic and medical 

characteristics 

To some extent, there was compatibility in the sociodemographic status in β-TM patients in 

Gaza strip. On the other hand, the study refers to bad medical status and severe iron overload 

in patients. 
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5.3.1.1. Age and gender 

The present study showed that there was no significant relationship between hypogonadism 

and age groups 13-21 years, and 21-30 years. This result was consistent with a study obtained 

by Singer, et al., 2011 in California,  but in disagreement with the results showed by Albu, et 

al., 2014 cross sectional study in Romania among 85 patients which stated that patients with 

any form of hypogonadism were older (median age 22 vs 16.5 years,  P = 0.047) and Sharma, 

et al., 2014 study in India that stated that  endocrinopathies in thalassaemia patients were 

manifested  with advanced age as a result of chronic iron overload. 

Also, there was no statistically significant relationship between gender and hypogonadism.  

This result was similar to the result of a study carried out in Iran which did not show a 

statistical significant difference between male and female patients in hypogonadism rate  

(Najafipour, F., 2008), while this result was different from the results of other study carried 

out in the West Bank which  stated that  higher percentage of hypogonadism  in males 

indicating that males are more prone to hypogonadism than females (Dumaidi, et al., 2015). 

5.3.1.2. BMI 

BMI is one of the most preferred methods to asses underweight and obesity (Soliman, et al. 

2013).  With respect to body weight and BMI in our study population; we found underweight 

in 28 (46.67%) patients as shown in table (4.1).  Many previous studies reported low BMI in 

thalassemic patients; Jaouni, & Khalil, (2010) in a retrospective study in  Saudia 

Arabia   among  all patients followed and treated  from 1990-2004 reported low BMI in 25 % 

of β-TM patients,  also, a cross sectional study conducted by Mudiyanselage, et al. (2017) on 

40 transfusion dependent beta thalassemia major patients in Sri Lanka reported low BMI in 

50% of patients especially who are older than 10 years old, this attributed to many  factors 

including genetic makeup, multiple endocrinopathies especially hypogonadism, long-term use 

of iron chelators, chronic anemia and malnutrition due to poor socio-economic status of the 

patients. Thus, more attention is required for BMI in evaluating and management of health 

status of these patients in this age, through regular monitoring of growth. 

The result of the present study revealed that, there was significant relationship between BMI 

and the state of hypogonadism, hypogonadism was higher among the underweight group.  

This result is consistent with results of several previous studies, for example a case control 

study  in  Egypt conducted on 80 adolescent females with β-thalassemia having serum ferritin 
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over 1000 ng/ml ages between 11 -15 years and 80 females with β-thalassemia of matched 

age having serum ferritin less than 500 ng/ml showed that  hypogonadism was significantly 

increased in underweight β-TM patients (Hagag, et al., 2016).  In addition, in Iran  Vahidi, et 

al., 2003 study among 71 β-TM patients stated that height and weight of thalassemic patients 

with hypogonadism was lower than that of normal patients and the difference was statistically 

significant. 

5.3.1.3. Splenectomy 

In the current study, splenomegaly was reported to be a major complication among 

thalassemic patients.  Splenectomy was done for more than half of thalassemia patients 45/60 

with prevalence of 75%. Our finding in this respect is in agreement with most studies around 

the world.  In France and North America, splenectomy was carried out in 54% and 55% of 

patients respectively (Thuret, et al., 2010; Kurtoglu, et al., 2012).  This mainly was attributed 

to increased destruction of red blood cells by reticuloendothelial system among thalassemic 

patients which causes splenomegaly and mostly treated by splenectomy aiming at reducing 

transfusion requirements and reducing iron overload.  

This study revealed that, there was no significant relationship between hypogonadism and 

splenectomy.  This result was in agreement with a cohort  study in Ferrara among  273 

patients with thalassaemia major  which stated that  splenectomy was not established as a 

significant risk factor for hypogonadism despite the assumption that splenectomized patients 

are more vulnerable to endocrine gland damage resulting from exposure to free radicals 

(Gamberini, et al., 2008); however our result was in  disagreement  with Belhoul et al. 2012 

cross sectional study among 382 β-TM patients in Dubai who demonstrated that splenectomy 

is related to the presence of hypogonadism independently of ferritin levels, the mechanism 

behind this association being unknown. 

5.3.1.4.Other endocrine diseases 

Only six(10%) of thalassemic patients  participated in this study had clinical history of 

endocrine diseases, all of them had DM.  The prevalence of DM in β-TM ranges from 0% to 

24%  depending on other factors like age, amount of transfused blood, level of ferritin, 

compliance to chelation therapy, family history of DM and impaired pubertal status (Bazi, et 

al., 2017).  
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This study revealed that there was no significant relationship between hypogonadism and 

presence of other endocrine disorders.   This result was in agreement with a systematic review 

that included 32 studies in Iran and stated that hypogonadism was not associated with DM 

(Azami, et al., 2017), however this result was in disagreement with a review study which 

considered  DM  and other endocrine disorders as a risk factors for hypogonadism (De 

Sanctis, et al., 2018)  

 

5.3.1.5.Liver function tests of the study group 

The status of anemia and iron overloaded due to chronic blood transfusion regimens 

associated with inadequate chelation therapy in β-TM patients could potentially induce 

hepatic toxicity, and consequently increased bilirubin level, that arises from decrease 

inactivity of cythochrome c oxidase disrupting the mitochondrial respiration (Bazavand et al., 

2011) 

Data in the present study revealed marked significant elevation in ALT and AST activities as 

well as total and direct bilirubin levels in β-TM patients. Similar results were obtained by 

Ayyash and Sirdah (2018) and Attia et al. (2011) studies in Gaza strip and Romania 

respectively.  Elevated transaminases in β-thalassemic patients is indicative of liver 

dysfunction and leakage of liver metabolites into the plasma (Waseem et al., 2011).  

This study revealed that there was no significant difference between hypogonadism and non-

hypogonadism in liver function tests levels except bilirubin levels. This result was in 

agreement with Habeb, et al., (2012) cross sectional study in Saudia Arabia which  found  no 

significant difference between endocrinopathy and non-endocrinopathy groups in the levels of 

liver enzymes, but it was in disagreement with De Sanctis, et al. (2018) review study,  and 

Kharb, et al. (2015) cross sectional study in India which stated that  liver disease was 

important contributing factor in the etiology of hypogonadism, due to the role of liver in  

synthesis of carrier proteins and metabolism of various hormones like conjugation, and 

excretion.  

The significant difference in bilirubin level may be related to higher hemolytic process in the 

hypogonadism group due to higher blood transfusion rate in this group compared to the non-

hypogonadism group. 
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5.3.2. Relationship between hypogonadism and participants hemoglobin 

level, transfusion regimen and iron status. 

5.3.2.1. Relationship between hypogonadism and pre-transfusion hemoglobin level: 

Tables (4.2), (4.3) showed the pre-transfusion Hb levels. From totally tested 60 patients, 

48% had Hb levels less than 7.5g/dl, 45% had Hb levels between 7.5 g/dl- 9 g/dl, and only 

7% of patients had Hb level above (9g/dl). This revealed that most of the study patients had 

Hb level lower than (9g/dl) that is recommended by (TIF) and also lower than median 

baseline of 10.0g/dl reported by previous studies (Cappellini et al., 2014; Shivashankara, & 

Jailkhani, 2008).  Our findings in this respect, reflects a severe anemic presentation of the 

study group.  Similar findings in the region were reported among Jordan and Saudi Arabia 

thalassemia patients with Hb level about (8.6± 1.2 g/dl) and (8.56± 0.2 g/dl) respectively 

(Mansi, & Aburaji, 2008: Habeb, et al., 2013). 

 

The finding of low hemoglobin concentration level among the study patients appeared in 

spite of high frequency of blood transfusion for patients that showed a large percentage 

(48.3%) of them transfuse blood about 24 times per year or higher. These results reflect 

improper blood transfusion policy which might be in part due to; insufficient 

administration of transfused blood for some clinical hazards and/or low patients‘ adherence 

to transfusion regimen, in addition to limited donated blood for some rare blood groups.  

Also, this may occur due to insufficient administration of packed RBCs in some patients 

according the internationally recommended standard and guidelines with a volume of 8-

15ml RBCs/Kg of body weight (Rachmilewitz, and Giardina, 2011). Such practice is 

expected to complicate the anemic state of the patients and might result in further 

complications as a consequence of such practice.  Higher pre-transfusion Hb levels were 

maintained among thalassemic patients in developed countries as a result of good 

transfusion policy (Thuret, et al. 2010). 

The present study revealed a significant relationship between hypogonadism and pre-

transfusion Hb which indicates that low pre-transfusion Hb level is a risk factor for 

hypogonadism.  The present results were consistent with the results of across sectional 

study in  Tunis among twenty-eight poly-transfused thalassemia major patients older than 
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ten years that evaluated the relationship between hypogonadism and pre-transfusion Hb and 

showed chronic hypoxia due to anemia could be another mechanism involved in pituitary-

gonadal dysfunction in β-TM (Dhouib, et al., 2018), which was in consistent with the 

results of a cohort study  in Romania between February 2004 and December 2013 among 

85 patients with median age 21 years (Albu, et al., 2014).  

 

In support of this hypothesis were the studies showed decreased gonadotropin secretion few 

days after arriving at moderate or high altitude probably as a consequence of hypoxemia that 

produces stress as a result of immediate release of catecholamines.  Stress induced activation 

of hypothalamic-pituitary-adrenal axis suppress the hypothalamic-pituitary-gonadal axis by 

increasing corticotrophin-releasing hormone, which may negatively affect hypothalamic 

gonadotrophin-releasing hormone secretion, thereby reducing the release of gonadotrophins 

(Shaw, et al., 2018; Woods, et al., 2011).  A different study showed that, hypoxemia due to 

obstructive pulmonary disease in men was associated with hypogonadism and low 

testosterone levels, probably by down regulation of androgen biosynthesizing genes in the 

testis (Vertkin, et al., 2013). 

In turn, other studies conducted in north Egypt and Greece among 40 and 135 patients 

respectively did not observe relationship between pre-transfusion Hb level and 

development of hypogonadism.  These studies attributed the high rate of hypogonadism to 

other factors than chronic hypoxia such as multi-endocrine dysfunction, or iron 

accumulation (Abdelrazik, & Ghanem, 2007; Papadimas, et al. 2002).  

5.3.2.2. Relationship between hypogonadism and blood transfusion rate per year:  

The present study revealed a significant relationship between hypogonadism and frequency of 

blood transfusion which indicates that higher blood transfusion rate leads to more iron 

overload is considered as a risk factor for hypogonadism.  The present results were consistent 

with the results of a retrospective cohort analysis of β-TM patients attending 

an ambulatory transfusion clinic in Australia which showed that the  age of first transfusion 

and frequency of blood transfusion correlated with the number of endocrinopathies (Perera, et 

al., 2010), while these results were inconsistent with other cross sectional  study in India 

among 35 patients with β-TM  which  stated  that there was no direct relationship between the 

amount of iron accumulated and organ dysfunction, and  it is possible that endocrine glands 
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are extremely sensitive to iron toxicity that even small amounts of iron accumulated in the 

early years of life can cause irreversible damage (Merchant, et al., 2011).  

5.3.2.3.Relationship between hypogonadism and ferritin level 

The measurement of serum ferritin concentration used in this study to assess the iron status of 

patients as it is an easy, cost effective and noninvasive indicator of iron overload. The average 

of SF level for patients in the current study was 6704.83ng/ml (±SD 2847.8) and all patients  

had  SF ≥2000ng/ml. This is much higher than the cutoff point recommended for blood 

transfusion dependent patients ≤ 1000ng/ml. Such increase in SF level is well known to put 

these patients at a great risk of developing iron overload complications.  According to 

Thalassemia International Federation (TIF) guidelines, SF cut off limit must be kept below 

1000ng/ml (Cappellini et al., 2014).   

Similar studies carried out in near countries reported high mean ferritin levels when compared 

to values of our study.  Mean serum ferritin levels reported to be 7584 ng/ml 4488.6 ng/ml 

and 3210.2ng/ml in studies conducted in West bank, Qatar and Iraq respectively (Daraghmeh, 

N., 2016, Kanbour, et al., 2018, and   Majeed, M., 2017).   

However, Dhouib, et al., and Eghbali et al. studies in Tunis and Iran reported lower serum 

ferritin values, they were 1,391.88 ng/ml, and 1927 ng/ml respectively. These differences 

in iron overload can be explained by differences in health care standards of those countries 

and socio-economical background of the patients (Dhouib, et al., 2018; Eghbali, et al., 

2014).  

This rise of serum ferritin in our participants resulted despite the fact that all patients were 

on standard regimen of iron chelation therapy but  the main problems were that 

Deferoxamine (Desferal)®  chelator which  need parenteral  administration  by intravenous 

infusion or slow subcutaneous (SC) infusion over a span of  8-12 hours using an infusion 

pump for 5 nights per week was the only available drug and oral chelators were  

unavailable to replace it  at the ministry of health for long period of time, which resulted in 

that majority of patients with poor and very poor adherence to the chelation regimen. 

The present study revealed a significant relationship between hypogonadism and serum 

ferritin, as the higher serum ferritin level values were among β-TM patients with 

hypogonadism.  The present results were consistent with the results of long term (40 years) 

multicenter study which evaluated the relationship between hypogonadism and serum 
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ferritin in Italy and found higher ferritin levels in β-TM patients with hypogonadism and 

women with secondary amenorrhea compared to the other patients (De Sanctis, et al., 

2016), supporting the implication of iron overload as one of the main causes which 

progressively damages the pituitary gland and the hypothalamus leading to delayed 

puberty, hypogonadism and primary or secondary amenorrhea (Skordis, et al., 2006). 

Other studies in Thailand and Iraq among 28 and 60 patients respectively showed that  a 

significant increase in the mean serum level of ferritin was the main cause  for  the 

alteration in the activity of gonadotrophes  in the anterior pituitary gland (LH and FSH), 

which takes place early in life and increases affecting the function of the gonads at puberty 

(Siripunthana, et al., 2017; Abdulzahra, et al., 2011). 

On the other hand, studies conducted in Los Angeles and France among 56 and 378 

patients respectively observed no relationship between serum ferritin level and 

development of hypogonadism.  This poor correlation attributed to the fact that endocrine 

complications could be related to iron toxicity in early life rather than at the time of 

screening.  Also, these studies suggest that recent serum ferritin levels not a sensitive 

marker for tissue ferritin deposition and high SF level found to be associated with acute and 

chronic disorders particularly inflammatory and hepatic conditions, such as chronic 

hepatitis.  Again, this may limit the validity and effectiveness of serum ferritin in reflecting 

iron status in beta-thalassaemia (Noetzli, et al., 2011, Thuret, et al. 2010).  

Other cross sectional studies conducted in Oman and Sirilanka  among 30 and 40 β-TM 

patients respectively were attributed high rate of hypogonadism to factors other than iron 

accumulation  such as  multi-endocrine dysfunction, chronic hypoxia due to anemia that 

may potentiate the toxicity of iron deposition in endocrine glands, infections, malnutrition, 

malabsorption of vitamin D, deficiencies of calcium, zinc and copper (Mula-Abed,  et al., 

2008; Mudiyanselage, et al., 2017). 

 

5.3.2.4.Relationship between hypogonadism and age of starting ICT : 

Our findings in this  respect showed that  high number  of the study sample started ICT after 

10 years old which  gainsay the recommendations of (TIF)  that include starting ICT  within 

2-3 years of beginning transfusion therapy, or starting ICT  before transfusions have deposited 

enough iron to cause tissue damage. This has not been formally determined, but current 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Mula-Abed%20WA%5BAuthor%5D&cauthor=true&cauthor_uid=22334838
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practice is to start after the first 10-20 transfusions, or when the ferritin level rises above 

1,000 ng/ml.  

The result of the present study revealed that, there was significant relationship between 

hypogonadism and age of starting ICT which reflects the  importance of early use of iron 

chelators for prevention of irreversible cell damage in various endocrine glands by iron 

overload that can't be corrected even if iron level is corrected at a later stage of the disease 

and attaining normal sexual maturation (Hagag, et al., 2016). 

The present results were consistent with the results of studies evaluated the relationship 

between hypogonadism and age of starting ICT.  A multicenter study in Cyprus including 435 

patients showed that relatively late age at start of ICT explains the iron overload, which is the 

main determinant of endocrinopathies and patient survival (Toumba, et al., 2007).  Also, other 

nationwide population-based cohort study analyzed 2007–2011 data obtained 

from the Taiwanese National Health Insurance Research Database stated that chelation 

therapy initiated early prior to the onset of adrenarche may promote sexual maturation (Wu1 

et al., 2017). 

In turns present study results were inconsistent with the findings of a cross sectional  study 

in Greece among 135 patients which specifies no statistically significant correlation 

between gonadal status and starting age of transfusion therapy, transfusion pattern, serum 

hemoglobin, starting age of chelation therapy, chelation therapy pattern or serum ferritin. 

Likewise, there was no significant correlation between current gonadal status and time 

interval between starting age of transfusion and starting age of chelation therapy 

(Papadimas, et al., 2002).   

 

 

5.3.2.5. Relationship between hypogonadism and compliance to ICT : 

As indicated previously in our result, most of the study patients (78%) had poor and very 

poor compliance to the chelation therapy regimen.  This result attributed mainly to the 

availably of only DFO as an iron chelators at the MOH, that is only given either 

subcutaneously through the pump or by intravenous infusion.   

Both ways of therapy were not preferable by patients who found it painful.  In addition, the 

pump was not always provided and sometimes broken down and need a long period of time 
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to be repaired.  All of the studied patients, said that they hope to use oral therapy to avoid 

the harmful pain. Despite that iron overload of tissues is the most important complication 

of β-thalassemia and is a major subject of management.  Iron chelation therapy is still not 

efficient in Gaza Strip as indicated by the high ferritin level observed in our patients even 

after desferrioxamine chelation therapy.  Thus, strategies to improve chelation regimens 

should be of the highest priority. These strategies must include continuance providing of 

oral iron chelators such as deferasirox (Exjade) and deferiprone to improve compliance. 

In our survey also, significant relationship was detected between hypogonadism and 

compliance to ICT which was consistent with results of a retrospective cohort study among  

165 patients in Italy for five years that compared the long-term effects of  different iron 

chelation regimens in preventing or reversing endocrinopathy (diabetes mellitus, 

hypothyroidism, or hypogonadism) and showed that appropriate chelation therapy has a 

role in the prevention of development of new morbidity and even reversal of existing 

disease (Poggi, et al., 2016).  Also, Roussou et al. (2013) in a review study represented the 

role of effective chelation therapy in decreasing iron burden and effects of the oxidative-

stress in β-TM patients. 

In turns the present study results were inconsistent with the findings of a cross sectional 

study in Iran among seventy-seven patients (15–36 years old) with β-TM that showed iron 

chelation therapy as the only method of iron overload control in transfusion dependent 

patients. Thus despite the use of iron chelation therapy, the pituitary gland, peripheral 

endocrine tissues and gonadal axis are susceptible to iron deposition and damage (Saffari, 

et al., 2012). 
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Chapter Five 

Concluding remarks and recommendations 

5.1 Concluding remarks 

1- Results of the current study revealed a gross impairment of pubertal development as 

well as a high prevalence of hypogonadism in β-TM patients in Gaza strip.  

 

2- Hypogonadism among the β-TM patients was associated with iron overload and low 

hemoglobin level. 

 

3- All patients in the current study had SF ≥2000ng/ml that was significantly higher 

than the cutoff point recommended for blood transfusion dependent patients ≤ 

1000ng/ml.  

 

4- The increase in SF level is well known to put these patients at a great risk of 

developing iron overload complications. 

 

5- All patients were on one type of iron chelation therapy; Deferoxamine 

(Desferal)® due to unavailability of other oral  chelators  at the ministry of health 

for long period of time. 

 

6-  Majority of patients had poor and very poor compliance to the chelation regimen 

which was considered main contributor to the high ferritin level. 

 

 

7- Severe anemic presentation seen in most of study patients; with hemoglobin levels≤ 

9mg/dl, indicating chronic hypoxia among our thalassemic patients that could be 

another mechanism involved in pituitary-gonadal dysfunction. 

 

 

8- Significant relationship between hypogonadism and age of starting ICT and 

compliance to the chelation therapy regimens reflects the importance of early use 

and high compliance to the regimens of iron chelators for prevention of irreversible 

cell damage in various endocrine glands by iron overload.  
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5.2. Recommendations 

1. Educational and awareness programs aiming to provide the population with 

information, regarding the risks for consanguineous marriages and disease 

complications are essential. 

 

2. A great need for assessment of blood transfusion programs, use of early (pre-

pubertal) chelators in relation to BMI and other indicators to limit further 

possible complications. 

 

 

3. Serum ferritin level must be kept ≤1000ng/ml to promote complete pubertal 

development. 

 

4. Rotation of individual mono-therapies (sequential chelation) or combination of 

different iron chelators can be helpful in managing individual patients.  

 

 

5. Vitamin C is recommended with iron chelators to increase iron excretion(TIF). 

 

6. Hormone replacement therapy for the compensation of hormonal abnormalities 

resulting from hemosiderosis can be helpful. 

 

 

7. It is important to carry out careful follow-up studies for the early detection of 

any other associated complications to facilitate precise treatment. 
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 بيانات المريض

 انجٛبَبد انشخصٛخ

 سقى انًشٚط  اسى انًشٚط 

 سقى انًهف   سقى انٕٓٚخ 

 انعًش  انًسزٕٖ انزعهًٛٙ 

o َٙيزذ 

o يزٕسط 

o يشرفع 

o يشرفع جذا 

 ركش   يسزٕٖ انذخم

  ٗأَض 

 انجُس

           يزضٔط        أعضة        يطهقانحبنخ االجزًبعٛخ أسيم 

 مؤشرات حالة الجسم                                                         

 انٕصٌ  يعذل ظشثبد انقهت 

 انطٕل   انطحبل اسزئصبلحبنخ  

 يؤشش كزهخ انجسى  ظغط انذو 

أ٘ عالط ْشيَٕٙ ْم رُبٔنذ  

   ؟أشٓش انًبظٛخ 3 خالل
 ْم رعبَٙ يٍ أيشاض حبدح؟  

 اسى انًشض 

 ثٛبَبد انحبنخ انًشظٛخ                                                          

انعًش عُذ انجذء ثأدٔٚخ  

 إصانخ انحذٚذ

انعًش انز٘ رى ثّ رشخٛص  

 انزالسًٛٛب

إَٔاع األدٔٚخ انًسزخذيخ  

 إلصانخ انحذٚذ

 انعًش ثجذء َقم انذو 

جشعبد األدٔٚخ  

 انًسزخذيخ

o  ٍٛكم أسجٕع 

o كم صالس أسبثٛع 

o كم أسثع أسبثٛع 

o كم خًسخ أسبثٛع 

o   أكضش يٍ رنك 

 يعذل َقم انذو

 سجت اخزٛبس انذٔاء   

 َٕع انذو انًُقٕل  

 يشاد أسجٕعٛب 5أكضش يٍ  

 يشاد أسجٕعٛب 5أقم يٍ    

 أقم يٍ يشرٍٛ أسجٕعٛب     

 انًسزشفٗ o يذٖ االنزضاو ثأخز األدٔٚخ 

o  انًُضل 

 يكبٌ أخز انذو

 ثٛبَبد انجهٕغ 

ْم رعبَٙ يٍ أيشاض  

 أخشٖ؟

 ْم رى انجهٕغ؟  

 يب ْٕ انًشض ؟ 

 

 

 انعًش انز٘ رى ثّ انجهٕغ  

يب ْٙ األدٔٚخ انًسزخذيخ  

 نهعالط

 

 

  

 يٕعذ أٔل دٔسح شٓشٚخ نهُسبء 

 ْم ٚعبَٙ أحذ أفشاد أسشرك يٍ 

 أيشاض يضيُخ ثبنغذد انصًبء ؟

 يب ْٕ انًشض ؟ 
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 اقشاس ثبنًٕافقخ

أقش أَب انًٕقع أدَبِ ________________________أَٗ قًذ ثًهٙء ْزِ االسزجبَخ ثعذ انزعشف عهٗ طجٛعخ انجحش ٔ 

اال ثغشض ْزا انجحش  قشاءح جًٛع األسئهخ ٔانًٕافقخ عهٛٓب ثششط أٌ رجقٗ ْزِ انًعهٕيبد سشٚخ ٔال ٚزى االسزفبدح يُٓب

 انعهًٙ.

 اسى انًشٚط:_______________________.               اسى انجبحش:_______________________.

 انزٕقٛع:__________________________                  انزٕقٛع:__________________________.
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