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Abstract: β-thalassaemia major (BTM) has a high prevalence worldwide and is associated with considerable morbidity and mortality. 

The aim of this review is to provide an illustrative overview of the reproductive health and pregnancy related issues in females with 
β-thalassaemia. A review search was performed in four international databases (1980-2018) to identify the potentially relevant 

articles. Common reproductive health disorders are hypo-gonadotrophic hypogonadism, infertility, delayed or absent sexual 
development, diabetes, hypothyroidism, hypoparathyroidism, osteopenia, preeclampsia, gestational hypertension, polyhydramnios, 

oligohydramnios, thrombosis, renal failure, peripheral vascular resistance, placenta previa, pleural effusion and pulmonary 
hypertension. Many of those aspects are related to iron overload and to ineffective erythropoiesis. Foetal complications include 

neural tube defects, abnormalities in different organs, spontaneous abortion, foetal loss, preterm birth, foetal growth restriction and 
low birth weight. Antenatal screening and accurate genetic prenatal examinations are effective measures for early diagnosis of 

thalassaemia and a detailed plan for management of pregnancies in BTM is important for favourable maternal and foetal outcome.  
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1.1 Female Reproductive System: Anatomy 

The human female reproductive system is one of 

the most vital parts of human reproductive process. It 

is composed of the internal and external genitalia. The 

external genitalia consist of the vulva which 

comprises the labia majora, labia minora, clitoris, 

vestibular bulbs monsveneris (pubis), urethral and 

periurethral gland ducts. The internal genitalia contain 

the vagina, cervix, uterus, fallopian tubes and ovaries. 

These organs are protectively located deep within the 

body [1, 2]. 

2. The Female Reproductive Organs 

The vagina is a hallow fibro muscular canal lined 

with stratified squamous epithelium. It extends from 

the vulvar vestibules to the uterus. It is longer in the 
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posterior wall (around 9 cm) than anteriorly 

(approximately 7 cm), the opening of the vagina may 

be covered by a membrane or surrounded by a fold of 

connective tissue called hymen, this tissue is usually 

replaced by irregular tissue tags later in life as sexual 

activity and child birth occur. The vagina acts as the 

receptacle for the male’s sperm and it is a part of the 

birth canal (through which the fetus passes during 

delivery) [3, 4]. 

3. Physiology 

The main functions of genital organs include the 

following: (a) produce ova; (b) secret sex hormones; 

(c) receive the male spermatozoa during sexual 

intercourse; (d) protect and nourish the fertilized egg 

until it is fully developed; (e) deliver the fetus through 

the birth canal; (f) provide nourishment to the neonate 

by the milk which has been secreted by mammary 

glands in the breasts [1, 5]. 
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The Reproductive Cycle in Fertile Female: 

Oogenesis 

Oogenesis is the process of developing an ovum 

(male equivalent is spermatogenesis) [6, 7]. The first 

part of oogenesis starts in the germinal epithelium, 

which gives rise to the development of ovarian 

follicles, the functional unit of the ovary. Oogenesis 

consists of several sub-processes oocytogenesis, 

ootidogenesis, and finally maturation to form an ovum 

(oogenesis proper). Folliculogenesis is a separate 

sub-process that accompanies and supports all three 

oogenetic sub-processes [8, 9]. 

A. Oocytogenesis 

Oogenesis starts with the process of developing 

oogonia, which occurs via the transformation of 

primordial follicles into primary oocytes, a process 

called oocytogenesis, which is complete either before 

or shortly after birth [10, 11]. It is commonly believed 

that, when oocytogenesis is complete, no additional 

primary oocytes are created. In contrast to the male 

process of spermatogenesis, where gametocytes are 

continuously created, in other words, primary oocytes 

reach their maximum development at about 20 weeks 

of gestational age, when approximately seven million 

primary oocytes have been created; however, at birth, 

this number has already been reduced to 

approximately 1-2 million [10, 12, 13]. 

B. Ootidogenesis 

The succeeding phase of ootidogenesis occurs when 

the primary oocyte develops into an ootid. This is 

achieved by the process of meiosis [14]. In fact, a 

primary oocyte is, by its biological definition, a cell 

whose primary function is to divide by the process of 

meiosis [15]. However, although this process begins at 

prenatal age, it stops at prophase I. In late fetal life, all 

oocytes, still primary oocytes, have halted at this stage 

of development called the dictyate. After menarche, 

these cells then continue to develop, although only a 

few do so every menstrual cycle. Just before ovulation, 

the first meiotic division is completed. One of the 

daughter cells (secondary oocyte) receives most of the 

cytoplasm, while other (the first polar body) 

fragments and disappears. The secondary oocyte 

immediately begins the second meiotic division to 

form ootid and second polar body, but this division 

stops at metaphase and is completed only when a 

sperm penetrates the oocyte [16]. 

C. Maturation into Ovum: 

Both polar bodies disintegrate at the end of meiosis 

II, leaving only the ootid, which then eventually 

undergoes maturation into a mature ovum. The 

function of forming polar bodies is to discard the extra 

haploid sets of chromosomes that have resulted as a 

consequence of meiosis [17]. 

D. Folliculogenesis: 

Synchronously with ootidogenesis, the follicle cells 

surrounding the ootid have developed from a 

primordial follicle to a preovulatory one [18, 19]. 

The hypothalamus-Pituitary-Gonadal Axis: 

The hypothalamus-pituitary-gonadal axis consists 

of a closed loop feedback control mechanism directed 

at maintaining normal reproductive functions. The 

pulsatile secretion of gonadotropins releasing 

hormone (GnRH) appears to be essential for 

stimulatory effects on luteinizing hormone (LH) and 

follicle stimulating hormone (FSH) released from 

anterior pituitary gland [20, 21].  

Menstrual Cycle: 

The menstrual cycle (from puberty to the 

menopause) is a complex event which depends on 

interactions between the hypothalamus, the pituitary 

gland, the ovaries and uterus [22]. Its final common 

pathway is pregnancy or menstruation in absence of 

pregnancy [23]. Females begin the menstrual cycle at 

the time of puberty, around age 13 and experience it 

monthly until around their late forties to middle fifties, 

except when interrupted by pregnancy. Its interval is 

between 20-35 days, though the average is 28 days. 

The normal duration of the menstrual flow is 3-5 days, 

but flows of 3 days and 8 days can occur in normal 

women [24]. The amount of blood lost may range 
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normally from slight spotting to 80 mL; the average 

amount lost is 30 mL. Loss of more than 80 mL is 

abnormal [24, 25]. The menstrual cycle can be divided 

into three phases: the follicular phase, ovulation and 

the luteal phase [26, 27]. The length of each phase 

varies from woman to woman and from cycle to cycle 

[26]. 

Follicular Phase: 

It also called proliferative phase because the lining 

of the uterus is stimulated to grow, or proliferate, 

during this time through the influence of a rise in FSH 

[28]. During the first days of the cycle, a few ovarian 

follicles are stimulated and competed with each other 

for dominance [29]. Under the influence of several 

hormones, then these follicles will stop growing, only 

one dominant follicle will continue to mature [30], 

which is called a tertiary or Graafian follicle, from 

which increasing amounts of estradiol has been 

secreted. Throughout the entire follicular phase, rising 

estrogen level in the blood stimulates growth of the 

endometrium and myometrium of uterus and also 

causes endometrial cells to up regulate the receptors 

for progesterone. It has effect on the cervix by 

producing fertile cervical mucus [24-31]. 

Ovulation: 

Ovulation is the process of releasing secondary 

oocyte [32]. During the follicular phase, estradiol 

suppresses production of luteinizing hormone LH [33]. 

When the ova have nearly matured, it secretes enough 

estradiol to trigger the acute release of LH [34]. A 

surge in LH secretion triggers ovulation [35]. It 

normally occurs 30 (± 2) h after the beginning of the 

LH surge (when LH is first detectable in urine) [36]. 

Its release matures the ova and weakens the wall of 

the follicle in the ovary, causing the fully developed 

follicle to release its secondary oocyte, which matures 

into an ootid and then becomes a mature ovum [37]. It 

has a diameter of about 0.2 mm [38]. After being 

released into the peritoneal space, the ova are swept 

into the fallopian tube by the fimbria, which is a fringe 

of tissue at the end of each fallopian tube [39]. After 

about a day, an unfertilized ovum will disintegrate or 

dissolve in the fallopian tube [39, 40]. 

Luteal Phase 

It also called the secretory phase [41]. After 

ovulation, under the effect of the pituitary hormones 

FSH and LH, the remaining parts of the dominant 

follicle changed into corpus luteum, which is the solid 

body formed in an ovary after the egg has been 

released into the fallopian tube, which continues to 

grow for some time after ovulation and produces 

significant amounts of progesterone and to a lesser 

extent, estrogen [42]. Progesterone plays a vital role in 

making the endometrium receptive to implantation of 

the blastocyst and supportive of the early pregnancy 

[43]. The endometrium becomes highly vascularized, 

slightly edematous, under the influence of estrogen 

and progesterone [44]. The hormones produced by the 

corpus luteum also suppress production of the FSH 

and LH [45]. As a result, the levels of FSH and LH 

fall quickly, and if fertilization does not happen, the 

corpus luteum degenerates at about 10 days after 

ovulation and the concentrations of estrogen and 

progesterone decline markedly [45].  

From the time of ovulation until progesterone 

withdrawal and menstruation starts, the process 

typically takes about two weeks while, the follicular 

phase often varies in length from cycle to cycle; and 

the length of luteal phase will be consistent [48, 49]. 

Menstrual Abnormalities 

The menarche is the first menstruation which is one 

of the later stages of puberty in girls [50, 51]. The 

average age of menarche in girls is 12 years, but the 

normal range is between ages 8 and 16 [52]. Factors 

such as heredity, diet and overall health can accelerate 

or delay menarche [53-56]. The absence of ovulation 

with menstrual periods at fairly regular intervals is 

called anovulation [57]. Anovulatory cycles are the 

rule for the first 1 to 2 years after menarche and again 

before the menopause [58, 59]. Amenorrhea is the 

absence of menstrual periods [60]. If menstrual 

bleeding has never occurred, the condition is called 
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primary amenorrhea [61]. Primary amenorrhoea is the 

absence of menstruation in a woman by the age of 16 

[61, 62]. As pubertal changes precede the first period, 

or menarche, women by the age of 14 who still have 

not reached menarche, plus having no sign of 

secondary sexual characteristics, such as the larche or 

pubarchethus are without evidence of initiation of 

puberty are also considered as having primary 

amenorrhoea [63]. Secondary amenorrhoea is where 

an established menstruation has ceased for three 

months in a woman with a history of regular cyclic 

bleeding, or nine months in a woman with a history of 

irregular periods [64]. 

Thalassemia 

Historical aspects 

In 1925, Thomas Cooley a Detroit pediatrician 

described severe type of anaemia in children of Italian 

origin [65]. He noted abundant nucleated RBCs in the 

peripheral blood, which, as he initially thought, was 

erythroblasticanaemia which is an entity that Von 

Jaksh described earlier [6, 66]. Before that, Cooley 

realized that erythroblastemia is neither specific nor 

essential in this disorder and that the term 

erythroblasticanaemia was nothing but a diagnostic 

catchall. Although Cooley was aware of the genetic 

nature of the disorder, he failed to investigate the 

apparently healthy parents of the affected children 

[66]. 

Genetic basis: 

All types of thalassemia are recessively inherited 

[67], meaning that a genetic change must be inherited 

from both parents [68]. Beta-thalassemias are 

heterogeneous at the molecular level [69]. All 

individuals have two normal copies of the beta globin 

gene, which is located on chromosome 11 [69, 70], 

which makes the beta globin component of normal 

adult hemoglobin (HbA) [70]. There are 

approximately 200 genetic mutations that have been 

described as causing beta thalassemia, designated as 

either beta 0 (𝛽଴ ) or beta + (𝛽ା) mutations [71, 72]. 

𝛽଴ characterized by the complete absence of beta 

chain production results from deletion, initiation 

codon nonsense, frameshift, and splicing mutations, 

especially at the splice-site junction [72, 73]. On the 

other hand, βା  thalassemias, characterized by 

reduced production of the beta chains that are 

produced by mutations in the promoter area, may be 

divided into severe, mild, and silent [72-74]. 

Both affected β-globin genes produce 

severeanaemia and a potentially life-threatening 

condition [75]. The severity of the disorder depends in 

part, on the combination of genes that have been 

inherited: (βை /βை); (βை /βା); (βା /βା) [76]. The βା 

thalassaemia genes vary greatly in their ability to 

produce normal haemoglobin (βା, βାା and βାାା); 

consequently, the clinical picture is more complex 

than it might otherwise be the case for the three 

possibilities outlined [75, 76]. 

The severity of the disease is influenced by the 

exact thalassemia mutations inheritance as well as 

other genetic and environmental factors [77].  

Geographical distribution of thalassemia: 

Beta-thalassemia is prevalent in Mediterranean 

countries, the Middle East, Central Asia, India, 

Southern China, and the Far East [78, 79]. The highest 

carrier frequency is reported in Maldives (18%) 

Cyprus (14%), Sardinia (10.3%) and Southeast Asia 

(3%-5%) [80]. The high gene frequency of 

beta-thalassemia in these regions is most likely related 

to the selective pressure from Plasmodium falciparum 

malaria [81].  

Alpha-Thalassemia (α): 

Alpha-thalassemia is the result of changes in the 

genes for the alpha globin component of hemoglobin 

[82]. The mildest form has one alpha globin gene 

missing [83]. Affected individuals generally have no 

symptoms, but they can pass on the genetic 

abnormality to their children so, it is also called silent 

carrier [84]. 

Alpha-thalassemia (α-thalassemia) has two 

clinically significant forms: hemoglobin Bart 

hydropsfetalis (Hb Bart) syndrome and hemoglobin H 
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(HbH) disease [85]. Hb Bart syndrome, the more 

severe form, is characterized by fetal onset of 

generalized edema, pleural and pericardial effusions, 

and severe hypochromic anemia, in the absence of 

ABO or Rh blood group incompatibility [86]. Clinical 

features include: hepatosplenomegaly, extramedullary 

erythropoiesis, hydrocephaly, and cardiac and 

urogenital defects [87]. Death usually occurs in the 

neonatal period [88]. HbH disease is characterized by 

microcytic hypochromic hemolytic anemia, 

hepatosplenomegaly, mild jaundice, and sometimes 

thalassemia-like bone changes [89]. Carriers of 𝛼଴ 

thalassemia (α-thalassemia trait) show microcytosis, 

hypochromia, and normal percentages of HbA2 and 

HbF [90]. Carriers of 𝛼ା-thalassemia (α-thalassemia 

silent carrier) have either a silent hematologic 

phenotype or present with a moderate thalassemia-like 

hematologic picture [91]. Homozygosity for 

α+-thalassemia results in an α0-thalassemia 

(α-thalassemia trait) hematologic phenotype [92]. 

Beta-thalassemia (β): 

1-β-thalassemia major (βTM):  

The biochemical signature of β-thalassemia is 

reduced synthesis of the β-globin subunit of HbA 

(α2β2) [93]. Individuals inheriting two β-thalassemic 

alleles experience a profound deficit in β-chain 

production (homozygous) like in (βTM), and this 

impairment leads to excess production of α-globin 

[94]. No compensatory regulating mechanism exists 

when this occurs. Therefore, in β-thalassemia, the 

excess of alpha-globin chains forms insoluble 

tetramers that accumulate and precipitate in the 

erythroid progenitors, forming inclusion bodies that 

cause oxidative membrane damage within the RBCs 

and immature developing erythroblast in the bone 

marrow. This leads to premature death of many late 

erythroid progenitors’ in bone marrow and spleen [95, 

96].  

Clinical presentation of thalassemia major occurs 

between 6 and 24 months [97]. Affected infants fail to 

thrive and become progressively pale. Feeding 

problems, diarrhea, irritability, recurrent bouts of 

fever, and progressive enlargement of the abdomen 

caused by spleen and liver enlargement may occur [97, 

98]. In some developing countries where due to the 

lack of resources patients are untreated or poorly 

transfused, the clinical picture of thalassemia major is 

characterized by growth retardation, pallor, jaundice, 

poor musculature, hepatosplenomegaly, leg ulcers, 

development of masses from extramedullary 

hematopoiesis, and skeletal changes resulting from 

expansion of the bone marrow [99]. Skeletal changes 

include deformities in the long bones of the legs and 

typical craniofacial changes (bossing of the skull, 

prominent malar eminence, depression of the bridge of 

the nose, tendency to a mongoloid slant of the eye, 

and hypertrophy of the maxillae, which tends to 

expose the upper teeth) [100]. 

2-β-thalassemia Intermedia 

Clinical features are pallor, jaundice, cholelithiasis, 

liver and spleen enlargement, moderate to severe 

skeletal changes, legulcers, extramedullary masses of 

hyperplastic erythroid thrombotic complications 

resulting from iron accumulation and hypercoagulable 

state secondary to the lipid membrane composition of 

the abnormal red blood cells [101]. 

3-β-thalassemia minor  

Carriers of thalassemia minor are usually clinically 

asymptomatic but sometimes have a mild anemia. 

When both parents are carriers, there is a 25% risk at 

each pregnancy of having children with homozygous 

thalassemia [102]. 

Pathophysiology of β-thalassemia 

The basic defect in β-thalassaemia is a reduced or 

absent production of β-globin chains with relative 

excess of α-chains [70]. The direct consequences are a 

net decrease of the haemoglobin production and an 

imbalance of the globin chain synthesis [92, 103]. The 

former is more evident in carriers, leading to a 

reduction of mean cell haemoglobin and mean cell 

volume, and has a minor clinical significance [104]. 

The latter has dramatic effects on the red cell 
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precursors, ultimately resulting in their extensive 

premature destruction in the bone marrow and in the 

extramedullary sites [70, 105, 106]. 

This process is referred to as “ineffective 

erythropoiesis” and is thehallmark of β-thalassaemia 

[107]. Peripheral haemolysis contributing to anaemia 

is less prominent in thalassaemia major than in 

thalassaemia intermedia, and occurs when insoluble α 

globin chains induce membrane damage to the 

peripheral erythrocytes [107, 108]. The first response 

to ineffective erythropoiesis and anaemia is an 

increased production of erythropoietin [109], causing 

a marked erythroid hyperplasia, which, in turn, may 

produce skeletal deformities, osteoporosis, and 

occasionally extramedullary masses, and contributes 

to splenomegaly [108]. 

Untreated or undertreated thalassaemia major 

patients have retarded growth as a result of anaemia 

and the excessive metabolic burden imposed by 

erythroid expansion [108, 110]. Anaemia may produce 

cardiac enlargement and sometimes severe cardiac 

failure. Ineffective erythropoiesis is also associated 

with increased iron absorption, which occurs mainly 

from increased intestinal absorption of iron caused by 

deficiency of hepcidin, a 25-amino acid peptide 

produced by hepatocytes that plays a central role in 

the regulation of iron homeostasis [111, 112].  

Haematological Parameters: 

Beta-thalassemia comprises a group of different 

clinical and hematological pictures [113]. The effect 

of β-thalassemia on haematological parameters is 

related to the exact phenotype, which depends on the 

number of genes affected [114]. Thalassemia major is 

the most severe form of this syndrome and requires 

frequent blood transfusions [115]. 

Hemoglobin (Hb) 

Hemoglobin is an iron-rich protein in RBCs. It 

carries oxygen to all parts of the body. It also carries 

CO2 (a waste gas) from body to the lungs where it 

exhaled [116]. People who have thalassemia can have 

mild or severe anemia, this condition is caused by a 

lower than normal number of RBCs, or not enough Hb 

in RBCs [98]. Normal Hb variant also called HbA has 

four protein chains: 2 α-globin and 2 β-globin chains 

[117]. The two major types of thalassemia: α- and β- 

are named after defects in these protein chains [118]. 

Red Blood Cell Indices and Morphology: 

Patients with β-thalassemia show RBC morphologic 

changes [microcytosis, hypochromia, anisocytosis, 

poikilocytosis (spiculated tear-drop and elongated 

cells)], and nucleated RBC (i.e erythroblasts). Typical 

beta-thalassemia carriers are identified by analysis of 

RBC indices, which shows microcytosis (low MCV) 

and reduced content of Hb per red cell (low MCH) 

[119]. 

Heterozygous carriers of β-thalassaemia, usually 

display a low mean cellular haemoglobin (MCH), a 

low mean cell volume (MCV), and an increased level 

of HbA2, which may be associated with low normal or 

slightly subnormal haemoglobin levels [108, 120]. 

Peripheral blood smear shows less severe erythrocyte 

morphologic changes than affected individuals and 

erythroblasts are normally not seen [121]. 

β-thalassaemia major is characterized by reduced 

MCV > 50 and < 70 fl and MCH >12 and < 20 pg. 

Thalassaemia intermedia is characterized by MCV 

between 50 and 80 fl and MCH between 16 and 24 

picogram (pg) [122]. Affected individuals show 

microcytosis, hypochromia, anisocytosis, 

poikilocytosis (spiculated tear-drop and elongated 

cells), target cells and erythroblasts. The number of 

erythroblasts (nucleated red blood cell) is related to 

the degree of anaemia and is markedly increased after 

splenectomy [108]. 

Biochemical Findings in β-Thalassemia 

Iron 

Iron is essential trace element present in almost all 

cells of the body [123, 124]. Human body requires 

iron for the synthesis of oxygen carrying protein 

called haemoglobin found in red blood cells, and 

myoglobin which is also a protein found in muscles 

[125]. It also takes part in the production of other 
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important proteins in the body such as for DNA 

synthesis and cell division [126]. Iron is transported 

through the blood by the serum protein, called 

transferrin [127], which is normally 30% saturated for 

with iron [128]. The total iron-binding capacity (TIBC) 

reflects the status of iron in the body and is defined as 

the amount of iron needed for 100% transferrin 

saturation [129], when iron is present in excess 

amounts in the body it will lead to hemochromatosis, 

which may a be primary or secondary [130]. 

Secondary hemochromatosis occurs in diseases like 

thalassemia due to iron overload especially in 

thalassemia major where repeated blood transfusions 

are required [131]. Beta thalassemia major patients 

require frequent blood transfusions which lead to iron 

overload in the absence of effective chelation therapy 

[132]. This iron deposits in thalassemic patients can 

exceed from storage and detoxification capacity of 

ferritin and also fully saturates transferrin and leads to 

the formation of free iron which accumulates in blood 

and tissues [133]. This free iron will cause the 

formation of very harmful compounds, such as 

hydroxyl radical (OH). The hydroxyl radicals are 

highly reactive and attack lipids to form lipid 

peroxides which contribute to oxidative stress [134, 

135]. 

Serum Ferritin: 

Ferritin is the main iron-storage protein in the body 

[136]. Its synthesis is regulated by quantities of iron 

by means of the interaction of cytoplasmic proteins 

bound to the messenger ribonucleic acid [137, 138], 

currently identified as iron regulatory proteins with 

specific structures of the mRNA, called 

iron-responsive elements [139]. 

Advantages of serum ferritin measurement are: easy 

to assess, inexpensive, repeating measurements are 

useful for monitoring chelation therapy and the 

positive correlation with morbidity and mortality 

[140]. Still there are some disadvantages such as: 

indirect measurement of iron burden, fluctuates in 

response to inflammation, abnormal liver function, 

metabolic deficiencies and the serial measurement that 

are required [141, 142]. The estimation of serum 

ferritin levels is the most commonly employed test to 

evaluate iron overload in beta thalassaemia major 

[143]. The association between serum ferritin and 

levels of body iron is well established and the test is 

easy to perform compared with other tests for iron 

overload. When the serum ferritin level reaches 1,000 

ng/L (usually after 10th to 12th transfusion), it is 

generally taken as the point to initiate iron chelation 

therapy [144]. 

Glutathione (GSH): 

The tripeptide, GSH is the major thiol antioxidant 

and redox buffer of the cell [145]. The oxidized form 

of GSH is glutathione disulphide (GSSG) [146]. GSH 

is highly abundant in the cytoplasm, nuclei, and 

mitochondria; it is the major soluble antioxidant in 

these cell compartments [147]. Because GSH is 

synthesized in the cytosol by the sequential action of 

glutamate-cysteine ligase and glutathione synthetase, 

its mitochondrial presence requires inner membrane 

transport, two mitochondrial electroneutral antiport 

carrier proteins have been shown to have the capacity 

to transport GSH, the dicarboxylate carrier protein  

and the 2-oxoglutarate carrier protein [148, 149]. GSH 

in the nucleus maintains the redox state of critical 

protein sulphydryls that are necessary for DNA repair 

and expression [150]. Oxidised glutathione is 

accumulated inside the cells and the ratio of 

GSH/GSSG is a good measure of oxidative stress of 

an organism [151]. 

Hormonal finding in β- thalassemia  

Luteinizing Hormone (LH), Follicle-Stimulating 

Hormone (FSH), Estradiol (E2) and Gonadotropin 

Releasing Hormone (GnRH): 

FSH and LH, secreted by the gonadotropin cells of 

anterior pituitary gland, glycoprotein hormones each 

with a molecular weight of 30 kilodaltons [152], are 

required in homeostasis of fertility regulation via the 

hypothalamic-pituitary-gonadal axis which has been 

well established in both women and men [153]. FSH 
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contains two different subunits (α & β) linked by no 

covalent bounds [154, 155]. The α subunit shares 

structural homology with LH, while the β subunit is 

unique [156]. In women, FSH exerts its effect directly 

on ovarian granulosa cells [157], essential for growth 

and maturation of ovarian follicles [158], while LH is 

required for rupturing of Graafian follicle and 

ovulation [159]. 

Estradiol is the most potent natural estrogen 

produced by the Graafian follicle of the ovary and the 

placenta [160] and in smaller amounts by the adrenals, 

and the male testes [161]. Target organs for estradiol 

include the follicles, uterus, breast, vagina, urethra, 

hypothalamus, pituitary and skin [162]. 

Delayed puberty or primary amenorrhea defined as 

no evidence of pubertal development by the age of 13 

year in girls or by the age of 14 years in boys is 

extremely common in patients with transfusion 

dependent thalassemia major [163]; children with 

thalassemia at puberty LH pulsatility index below the 

mean for pubertal stage compared to normal children 

[164] and FSH level were normal for pubertal stage in 

76% patients [165] and only 12% of the patients had 

FSH level significantly lower than expected for their 

stage of puberty and 12% had high FSH levels which 

suggest early gonadal failure [103]. Basal serum LH 

and FSH of patients with beta thalassemia were 

significantly lower compared with those values in 

normal pubertal controls and did not differ 

significantly to those found in prepubertal controls 

[166]; on the other hand, basal serum estradiol 

concentrations of all thalassemia patients with primary 

amenorrhea were below the normal values [167].  

Ultrasonographic findings in β-thalassemia: 

Ultrasonography is the most frequently used 

imaging investigation in the assessment of the female 

genital tract [168]. Most often the uterus and ovaries 

are evaluated with the help of two dimensional 

transabdominal or endovaginal ultrasonography [169]. 

It also helps in classification and management of 

disorders of sexual maturation [171].  

Conclusion 

In conclusion, B-thalassaemia major is a frequent 

genetic disorder worldwide and responsible for several 

maternal, foetal and neonatal complications. 

Awareness about the various aspects of thalassaemia 

during pregnancy and also the knowledge about 

maternal and foetal complications related to 

thalassaemia are very helpful for health care providers 

to apply the preventive measures and the necessary 

interventions. For high-risk couples a clear and 

documented plan for pregnancy and an advice on 

contraception are very necessary. The antenatal 

screening and the accurate genetic prenatal diagnosis 

are useful to early diagnosis. Overall, a standard 

management protocol should be implemented in all 

pregnant women with thalassaemia. These 

management plans are reviewed in details in previous 

published studies [97, 100, 119, 163]. 

References 

[1] Manassiev, N., and Whitehead, M. I. 2004. Female 
Reproductive Health. Nashville, TN: Parthenon 

Publishing Group. 
[2] Nguyen, J., and Duong, H. 2019. Anatomy, Abdomen and 

Pelvis, Female External Genitalia. Treasure Island: 
StatPearls Publishing. 

[3] Campbell, B., Dickey, J., Beckman, B., Young, G., Pierce, 
A., Fukada, H., and Swanson, P. 2006. “Previtellogenic 

Oocyte Growth in Salmon: Relationships among Body 
Growth, Plasma Insulin-Like Growth Factor-1, 

Estradiol-17beta, Follicle-Stimulating Hormone and 
Expression of Ovarian Genes for Insulin-Like Growth 

Factors, Steroidogenic-Acute Regulatory Protein and 
Receptors for Gonadotropins, Growth Hormone, and 

Somatolactin.” Biology of Reproduction 75 (1): 34-44. 
[4] Rosner, J., Samardzic, T., and Sarao, M. S. 2019. 

Physiology, Female Reproduction. Treasure Island: 
StatPearls Publishing. 

[5] Kotecha, P. T., Godsland, I. F., Crook, D., and Stevenson, 
J. C. 2020. “Effects of Tibolone or Continuous Combined 

Oestradiol and Norethisterone Acetate on Lipids, 
High-Density Lipoprotein Subfractions and 

Apolipoproteins in Postmenopausal Women in a 
Two-Year, Randomized, Double-Blind, 

Placebo-Controlled Trial.” Clinical Endocrinology 92 (4): 
303-11. 



Relationship of Reproductive Hormones and Fertility in Patients with Beta-Thalassemia Major 

 

9

[6] Mudhafar, M., and Zainol, I. 2019. “Medical Values, 
Antimicrobial, and Anti-fungal Activities of Polyalthia 

Genus.” International Journal of Pharmaceutical 
Research 11 (1): 1-6. 

[7] Nishimura, H., and L’Hernault, S. W. 2017. 
“Spermatogenesis.” Current Biology 27 (18): R988-94. 

[8] Nahata, L., Woodruff, T. K., Quinn, G. P., Meacham, L. 
R., Chen, D., Appiah, L. C., and Moravek, M. 2020. 

“Ovarian Tissue Cryopreservation as Standard of Care: 
What Does This Mean for Pediatric Populations?” 

Journal of Assisted Reproduction and Genetics 37 (6): 
1323. 

[9] Rahman, A. M. A., Helleur, R. J., Jeebhay, M. F., & 
Lopata, A. L. (2012). Characterization of seafood 

proteins causing allergic diseases (pp. 107-140). InTech. 
4565. 

[10] Arroyo, A., Kim, B., and Yeh, J. 2020. “Luteinizing 
Hormone Action in Human Oocyte Maturation and 

Quality: Signaling Pathways, Regulation, and Clinical 
Impact.” Reproductive Sciences 27 (6): 1223-52. 

[11] Mudhafar, M., and Alsailawi, H. A. 2019. “An 
Expression Study Profile of Proinflammatory Cytokines 

in Asthma Patient.” Journal of Asian Scientific Research 
9 (12): 227-34. 

[12] Lasman, L., Hanna, J. H., and Novershtern, N. 2020. 
“Role of m6A in Embryonic Stem Cell Differentiation 

and in Gametogenesis.” Epigenomes 4 (1): 5. 
[13] Hattori, A., Okamura, K., Terada, Y., Tanaka, R., 

Katoh-Fukui, Y., Matsubara, Y., and Fukami, M. 2019. 
“Transient Multifocal Genomic Crisis Creating 
Chromothriptic and Non-chromothriptic Rearrangements 

in Prezygotic Testicular Germ Cells.” BMC Medical 
Genomics 12 (1): 1-9. 

[14] Gebel, J., Tuppi, M., Sänger, N., Schumacher, B., and 
Dötsch, V. 2020. “DNA Damaged Induced Cell Death in 

Oocytes.” Molecules 25 (23): 5714. 
[15] Sharma, R. K., Azeem, A., and Agarwal, A. 2013. 

“Spindle and Chromosomal Alterations in Metaphase II 
Oocytes.” Reproductive Sciences 20 (11): 1293-301. 

[16] Nguyen, A. L., and Schindler, K. 2017. “Specialize and 
Divide (Twice): Functions of Three Aurora Kinase 

Homologs in Mammalian Oocyte Meiotic Maturation.” 
Trends in Genetics 33 (5): 349-63. 

[17] McLaughlin, M., Albertini, D. F., Wallace, W. H. B., 
Anderson, R. A., and Telfer, E. E. 2018. “Metaphase II 

Oocytes from Human Unilaminar Follicles Grown in a 
Multi-step Culture System.” MHR: Basic Science of 

Reproductive Medicine 24 (3): 135-42. 
[18] Mudhafar, M., Zainol, I., Desa, S., Nor, C., and Jaafar, A. 

2019. “Mini-review of Phytochemistry for 
Polyalithialongifolia.” Eurasian J. Anal. Chem. 14 (2): 

119-47. 

[19] Gershon, E., and Dekel, N. 2020. “Newly Identified 
regulators of Ovarian Folliculogenesis and Ovulation.” 

International Journal of Molecular Sciences 21 (12): 
4565. 

[20] Sheng, J. A., Bales, N. J., Myers, S., Roueinfar, M., Hale, 
T. M., and Handa, R. J. 2020. “The 

Hypothalamic-Pituitary-Adrenal Axis: Development, 
Programming Actions of Hormones, and Maternal-Fetal 

Interactions.” Frontiers in Behavioral Neuroscience 14: 
256. 

[21] Nejad, S. Z., Tehrani, F. R., and Zadeh-Vakili, A. 2017. 
“The Role of Kisspeptin in Female Reproduction.” 

International Journal of Endocrinology and Metabolism 
15 (3): e44337. 

[22] Bosch, E., Alviggi, C., Lispi, M., Conforti, A., 
Hanyaloglu, A. C., Chuderland, D., and Humaidan, P. 

2021. “Reduced FSH and LH Action: Implications for 
Medically Assisted Reproduction.” Human Reproduction 

36 (6): 1469-80. 
[23] Mudhafar, M., Zainol, I., AizaJaafar, C. N., Alsailawi, H. 

A., and Majhool, A. A. 2020. “Two Green Synthesis 
Methods to Prepared Nanoparticles of Ag: Two Sizes and 

Shapes via Using Extract of M. dubia Leaves.” Journal of 
Computational and Theoretical Nanoscience 17 (7): 

2882-9. 
[24] Thiyagarajan, D. K., Basit, H., and Jeanmonod, R. 2020. 

Physiology, Menstrual Cycle. Treasure Island: StatPearls 
Publishing. 

[25] Reavey, J. J., Walker, C., Murray, A. A., 
Brito-Mutunayagam, S., Sweeney, S., Nicol, M., and 
Maybin, J. A. 2021. “Obesity Is Associated with Heavy 

Menstruation That May Be due to Delayed Endometrial 
Repair.” Journal of Endocrinology 249 (2): 71-82. 

[26] Carmichael, M. A., Thomson, R. L., Moran, L. J., and 
Wycherley, T. P. 2021. “The Impact of Menstrual Cycle 

Phase on Athletes’ Performance: A Narrative Review.” 
International Journal of Environmental Research and 

Public Health 18 (4): 1667. 
[27] McNulty, K. L., Elliott-Sale, K. J., Dolan, E., Swinton, P. 

A., Ansdell, P., Goodall, S., and Hicks, K. M. 2020. “The 
Effects of Menstrual Cycle Phase on Exercise 

Performance in Eumenorrheic Women: A Systematic 
Review and Meta-Analysis.” Sports Medicine 50 (10): 

1813-27. 
[28] Moura, K. K. V. D. O., Ribeiro, C. L., and Guillo, L. A. 

2016. “Estrogen Signaling in the Proliferative 
Endometrium: Implications in Endometriosis.” Revista da 

Associação Médica Brasileira 62: 72-7. 
[29] Dunne, C. 2018. “Infertility: Testing and Diagnosis for 

the Community Physician.” British Columbia Medical 
Journal 60 (4): 203-9. 

[30] Mudhafar, M., Zainol, I., Jaafar, C. N. A., Alsailawi, H. 



Relationship of Reproductive Hormones and Fertility in Patients with Beta-Thalassemia Major 

 

10 

A., and Majhool, A. A. 2020. “Microwave-Assisted 
Green Synthesis of Ag Nanoparticles Using Leaves of 

MeliaDubia (Neem) and Its Antibacterial Activities.” 
Journal of Advanced Research in Fluid Mechanics and 

Thermal Sciences 65 (1): 121-9. 
[31] Monis, C. N., and Tetrokalashvili, M. 2020. Menstrual 

Cycle Proliferative and Follicular Phase. Treasure Island: 
StatPearls Publishing. 

[32] Patricio, B. P., and Sergio, B. G. 2019. “Normal 
Menstrual Cycle.” In Menstrual Cycle, 15. doi: 

10.5772/intechopen.79876. 
[33] Cimadomo, D., Vaiarelli, A., Petriglia, C., Fabozzi, G., 

Ferrero, S., Schimberni, M., and Ubaldi, F. M. 2021. 
“Oocyte Competence Is Independent of the Ovulation 

Trigger Adopted: A Large Observational Study in a 
Setting That Entails Vitrified-Warmed Single Euploid 

Blastocyst Transfer.” Journal of Assisted Reproduction 
and Genetics 38: 1419-27. 

[34] Otsuka, M., and Kadokawa, H. 2017. “GPR30 Mediates 
Estrone, Estriol, and Estradiol to Suppress 

Gonadotropin-Releasing Hormone-Induced Luteinizing 
Hormone Secretion in the Anterior Pituitary of Heifers.” 

Journal of Reproduction and Development 63 (5): 
519-25. 

[35] Berga, S. L. 2020. “The Menstrual Cycle and Related 
Disorders.” In Female Reproductive Dysfunction, pp. 

23-37. 
[36] Mudhafar, M., Zainol, I., Jaafar, C. N., Alsailawi, H. A., 

Majhool, A. A., and Alsaady, M. 2020. “Phytochemical 
Screening and Characterization of Meliadubia Leaves 
Extract for Antimicrobial Activity against Escherichia 

coli and Staphylococcus aureus.” Indian Journal of 
Ecology 47 (2): 493-6. 

[37] Kumar, R. N. 2020. “Impact of Conceive’s Day of a 
Menstrual Cycle on Congenital Birth Defect.” Asian 

Journal of Advances in Research 5: 27-31. 
[38] Abbara, A., Vuong, L. N., Ho, V. N., Clarke, S. A., 

Jeffers, L., Comninos, A. N., and Dhillo, W. S. 2018. 
“Follicle Size On day of Trigger Most Likely to Yield a 

Mature Oocyte.” Frontiers in Endocrinology 9: 193. 
[39] Rehfeld, A., Nylander, M., and Karnov, K. 2017. “The 

Female Reproductive System.” In Compendium of 
Histology. Cham: Springer, pp. 541-568. 

[40] Suliman, M. A. M. 2017. “Study the Causes of First 
Trimester Complications Using Ultrasonography in Nyala 

City.” PhD thesis, Sudan University of Science and 
Technology. 

[41] Tesarik, J., Conde-López, C., Galán-Lázaro, M., and 
Mendoza-Tesarik, R. 2020. “Luteal Phase in Assisted 

Reproductive Technology.” Frontiers in Reproductive 
Health 2: 9. 

[42] Jones, B. C., Hahn, A. C., Fisher, C. I., Wang, H., 

Kandrik, M., Lao, J., and DeBruine, L. M. 2018. “No 
Compelling Evidence That More Physically Attractive 

Young Adult Women Have Higher Estradiol or 
Progesterone.” Psychoneuroendocrinology 98: 1-5. 

[43] Barrenetxea, G., Romero, I., Celis, R., Abio, A., Bilbao, 
M., and Barrenetxea, J. 2021. “Correlation between 

Plasmatic Progesterone, Endometrial Receptivity Genetic 
Assay and Implantation Rates in Frozen-Thawed 

Transferred Euploid Embryos. A Multivariate Analysis.” 
European Journal of Obstetrics and Gynecology and 

Reproductive Biology 263: 192-7. 
[44] Critchley, H. O., Maybin, J. A., Armstrong, G. M., and 

Williams, A. R. 2020. “Physiology of the Endometrium 
and Regulation of Menstruation.” Physiological Reviews 

100 (3): 1149-79. 
[45] Majhooll, A. A., Zainol, I., Jaafar, C. N. A., Mudhafar, 

M., Ha, A., Asaad, A., and Mezaal, F. W. 2019. 
“Preparation of Fish Scales Hydroxyapatite (FsHAp) for 

Potential Use as Fillers in Polymer.” J. Chem. 13: 97-104. 
[46] Wick, M. J. 2018. Mayo Clinic Guide to a Healthy 

Pregnancy. New York, NY: Rosetta Books. 
[47] Yang, H., Zhou, B., Prinz, M., and Siegel, D. 2012. 

“Proteomic Analysis of Menstrual Blood.” Molecular and 
Cellular Proteomics 11 (10): 1024-35. 

[48] Reed, B. G., and Carr, B. R. 2015. The Normal Menstrual 
Cycle and the Control of Ovulation. South Dartmouth, 

MA: MDText.com, Inc. 
[49] Tortora, G. J., and Derrickson, B. H. 2017. Principles of 

Anatomy and Physiology. Hoboken: Wiley. 
[50] Lacroix, A. E., Gondal, H., and Langaker, M. D. 2017. 

Physiology, Menarche. Treasure Island: StatPearls 

Publishing 
[51] Maher, J. Y., and Zacur, H. A. 2018. 

“Menarche/Menopause.” In Encyclopedia of 
Reproduction. Amsterdam: Elsevier, pp. 245-9. 

[52] Majhooll, A. A., Zainol, I., Jaafar, C. N. A., Ha, A., 
Hassan, M. Z., Mudhafar, M., and Asaad, A. 2019. “A 

Brief Review on Biomedical Applications of 
Hydroxyapatite Use as Fillers in Polymer.” J. Chem. 13: 

112-9. 
[53] Chaurasia, R., Kunwar, N., Verma, M., and Singh, A. 

2011. “Impact of Menstrual Blood Loss and Diet on Iron 
Deficiency among Indian Women.” Progressive 

Agriculture 11 (1): 171-2. 
[54] Bailey, J. 2014. “Hormonal Cycles: Fertilization and 

Early Development.” In Myles’ Textbook for Midwives 
E-Book, p. 91. 

[55] Canelón, S. P., and Boland, M. R. 2020. “A Systematic 
Literature Review of Factors Affecting the Timing of 

Menarche: The Potential for Climate Change to Impact 
Women’s Health.” International Journal of 

Environmental Research and Public Health 17 (5): 1703. 



Relationship of Reproductive Hormones and Fertility in Patients with Beta-Thalassemia Major 

 

11

[56] AtaşAslan, E., and Ünüvar, T. 2021. “Age at Onset of 
Menarche and Puberty of Girls in Aydin Region and the 

Factors Affecting Them.” Trends in Pediatrics 2 (1): 
35-42. 

[57] Mukhopadhaya, N., Pundir, J., and Arora, M. 2020. Part 
1 MRCOG Revision Notes and Sample SBAs. Cambridge: 

Cambridge University Press. 
[58] Witchel, S. F., Oberfield, S., Rosenfield, R. L., Codner, 

E., Bonny, A., Ibáñez, L., and Lee, P. A. 2015. “The 
Diagnosis of Polycystic Ovary Syndrome during 

Adolescence.” Hormone Research in Paediatrics 83 (6): 
376-89. 

[59] Prior, J. C. 2018. “Progesterone for the Prevention and 
Treatment of Osteoporosis in Women.” Climacteric 21 

(4): 366-74. 
[60] Vellanki, K., and Kramer, H. 2019. “Amenorrhea and 

Estrogen Disorders in Women with Kidney Disease.” In 
Endocrine Disorders in Kidney Disease. Cham: Springer, 

pp. 127-38. 
[61] Kirschen, G. W., and Semenyuk, N. 2019. Primary 

Amenorrhea, Aplastic Uterus, and a Functional Vagina: 
A Rare Case of Mayer-Rokitansky-Küster-Hauser 

Syndrome. Case Reports in Obstetrics and Gynecology. 
[62] Pal, A. K., Ambulkar, P. S., Sontakke, B. R., Talhar, S. S., 

Bokariya, P., and Gujar, V. K. 2019. “A Study on 
Chromosomal Analysis of Patients with Primary 

Amenorrhea.” Journal of Human Reproductive Sciences 
12 (1): 29. 

[63] Rosenfield, R. L., Cooke, D. W., and Radovick, S. 2021. 
“Puberty in the Female and Its Disorders.” In Sperling 
Pediatric Endocrinology. Amsterdam: Elsevier, pp. 

528-626.  
[64] Thwaites, A., Westwick, R., and Logan, K. 2021. 

“Secondary Amenorrhoea—A Consultation.” BMJ Sexual 
and Reproductive Health 47 (1): 75-7. 

[65] McGann, P. T., Nero, A. C., and Ware, R. E. 2017. 
“Clinical Features of β-Thalassemia and Sickle Cell 

Disease.” In Gene and Cell Therapies for 
Beta-Globinopathies. New York, NY: Springer, pp. 1-26. 

[66] Elkarsany, F. A. O. M. A. 2018. “Detection of 
Haemoglobin Variants among Children with Microcytic 

Hypochromic Anaemia in Wad Madani Pediatrics 
Hospital, Gezira State, Sudan (2017).” PhD thesis, 

University of Gezira. 
[67] Rizzuto, V., Koopmann, T. T., Blanco-Álvarez, A., 

Tazón-Vega, B., Idrizovic, A., Díaz de Heredia, C., and 
Mañú-Pereira, M. D. M. 2021. “Usefulness of NGS for 

Diagnosis of Dominant Beta-Thalassemia and Unstable 
Hemoglobinopathies in Five Clinical Cases.” Frontiers in 

Physiology 12: 65. 
[68] Pichamuthu, M. B. G., and Arunachalam, K. D. 2021. 

“Current and Future Therapies in Thalassemia: Beginning 

of a New Era.” Annals of the Romanian Society for Cell 
Biology 25 (6): 9672-8. 

[69] ALsailawi, H. A., Mudhafar, M., Majhool, A. A., and 
Asaad, A. 2019. “Study of Cystatin C as Early Biomarker 

of Nephropathy in Patients with Type 2 DM and Risk 
Stratification in Tarnaka Hospital of Hyderabad City in 

India.” Journal of US-China Medical Science 16: 232-41. 
[70] Hassan, T., Badr, M., El Safy, U., Hesham, M., Sherief, 

L., and Zakaria, M. 2016. “β-Thalassemia: Genotypes 
and Phenotypes.” In Epidemiology of Communicable and 

Non-communicable Diseases: Attributes of Lifestyle and 
Nature on Humankind, pp. 113-26. 

[71] Mcmanus, L. M., and Mitchell, R. 2014. Pathobiology of 
Human Disease: A Dynamic Encyclopedia of Disease 

Mechanisms. Amsterdam, Netherlands: Elsevier. 
[72] Khan, A. M., Al-Sulaiti, A. M., Younes, S., Yassin, M., 

and Zayed, H. 2021. “The Spectrum of Beta-Thalassemia 
Mutations in the 22 Arab Countries: A Systematic 

Review.” Expert Review of Hematology 14 (1): 109-22. 
[73] Thein, S. L. 2018. “Molecular Basis of β Thalassemia and 

Potential Therapeutic Targets.” Blood Cells, Molecules, 
and Diseases 70: 54-65. 

[74] Hamid, M., ZarganNezhad, E., Keikhaei, B., Galehdari, 
H., Saberi, A., Sedaghat, A., and Shariati, G. 2020. “Two 

Novel and Five Rare Mutations in the Non-coding 
Regions of the β-Globin Gene in the Iranian Population.” 

Hemoglobin 44 (4): 225-30. 
[75] El-Kamah, G. Y., and Amr, K. S. 2015. 

“Thalassemia—From Genotype to Phenotype.” Inherited 
Hemoglobin Disorders 13. doi: 10.5772/61433. 
https://www.intechopen.com/chapters/49387. 

[76] Kamal, S. M. 2017. Hepatitis C in Developing Countries: 
Current and Future Challenges. Waltham, MA: 

Academic Press. 
[77] Yang, Z., Zhou, W., Cui, Q., Qiu, L., and Han, B. 2019. 

“Gene Spectrum Analysis of Thalassemia for People 
Residing in Northern China.” BMC Medical Genetics 20 

(1): 1-10. 

[78] Kamal‐Eldin, A., & Appelqvist, L. Å. (1996). The 

chemistry and antioxidant properties of tocopherols and 

tocotrienols. Lipids, 31(7), 671-701. 
[79] Kattamis, A., Forni, G. L., Aydinok, Y., and Viprakasit, 

V. 2020. “Changing Patterns in the Epidemiology of 
β-Thalassemia.” European Journal of Haematology 105 

(6): 692-703. 
[80] Shafie, A. A., Wong, J. H. Y., Ibrahim, H. M., 

Mohammed, N. S., and Chhabra, I. K. 2021. “Economic 
Burden in the Management of transfusion-Dependent 

Thalassaemia Patients in Malaysia from a Societal 
Perspective.” Orphanet Journal of Rare Diseases 16 (1): 

1-12. 
[81] Ha, A., Misnan, R., and Mudhafar, M. 2021. “Major and 



Relationship of Reproductive Hormones and Fertility in Patients with Beta-Thalassemia Major 

 

12 

Minor Allergen IgE Reactivity of Purple Mud Crab 
(Scylla tranquebarica) against a Cross-Reactive Allergen 

in Crustacean and Molluscs in Patients with a Seafood 
Allergy.” Research Journal of Pharmacy and Technology 

14 (1): 239-44. 
[82] Chen, X., Hu, J., Zhu, J., Xu, W., Yao, H., Wu, A., and 

Fu, S. 2019. “Severe Hemolytic Anemia due to 
Combined α Thalassemia and De Novo Hemoglobin 

Sabine.” Annals of Hematology 98 (3): 783-5. 
[83] Kwaifa, I. K., Lai, M. I., and Noor, S. M. 2020. 

“Non-deletional Alpha Thalassaemia: A Review.” 
Orphanet Journal of Rare Diseases 15 (1): 1-12. 

[84] Keikhaei, B., Slehi-Fard, P., Shariati, G., and Khosravi, A. 
2018. “Genetics of Iranian Alpha-Thalassemia Patients: 

A Comprehensive Original Study.” Biochemical Genetics 
56 (5): 506-21. 

[85] Raivaree, C., Boonyawat, B., Monsereenusorn, C., 
Rujkijyanont, P., and Photia, A. 2018. “Clinical and 

Molecular Genetic Features of Hb H and AE Bart’s 
Diseases in Central Thai Children.” The Application of 

Clinical Genetics 11: 23. 
[86] Al Sailawi. H. A, Misnan, R., Mudhafar, M., Desa, S., 

and Abdulrasool, M. M. 2020. “Effects of Storage Period 
on Protein Profile and Allergenicity of Purple Mud Crab 

(Scylla tranquebarica) under Various Storage Conditions.” 
International Journal of Pharmaceutical Research 12 (2): 

4400-13. 
[87] Volk, A. K., Mitchell, E. B., Thomas, B. C., Runke, C. K., 

Essendrup, A. A., Kotzer, K. E., and Gavrilova, R. H. 
2016. “Human Genetic Disorders.” Essentials of 
Anatomic Pathology 8 (5): 595-663. 

[88] Bender, M. A., Yusuf, C., Davis, T., Dorley, M. C., del 
Pilar Aguinaga, M., Ingram, A., and Hulihan, M. 2020. 

“Newborn Screening Practices and Alpha-Thalassemia 
Detection—United States, 2016.” Morbidity and 

Mortality Weekly Report 69 (36): 1269. 
[89] Reinish, A. L., and Noronha, S. A. 2019. “Anemia at the 

Extremes of Life: Congenital Hemolytic Anemia.” In 
Anemia in the Young and Old. Cham: Springer, pp. 

95-135. 
[90] Zhong, L., Gan, X., Xu, L., Liang, C., Xie, Y., Lin, W., 

and Liu, M. 2018. “The Phenomena of Balanced Effect 
between α-Globin Gene and of β-Globin Gene.” BMC 

Medical Genetics 19 (1): 1-6. 
[91] Meng, H. 2019. Self-assessment Questions for Clinical 

Molecular Genetics. Waltham, MA: Academic Press. 
[92] Sabath, D. E. 2017. “Molecular Diagnosis of 

Thalassemias and Hemoglobinopathies: An ACLPS 
Critical Review.” American Journal of Clinical 

Pathology 148 (1): 6-15. 
[93] Karamperis, K., Tsoumpeli, M. T., Kounelis, F., 

Koromina, M., Mitropoulou, C., Moutinho, C., and 

Patrinos, G. P. 2021. “Genome-Based Therapeutic 
Interventions for β-Type Hemoglobinopathies.” Human 

Genomics 15 (1): 1-18. 
[94] Perera, S., Allen, A., Silva, I., Hapugoda, M., 

Wickramarathne, M. N., Wijesiriwardena, I., and 
Premawardhena, A. 2019. “Genotype-Phenotype 

Association Analysis Identifies the Role of α Globin 
Genes in Modulating Disease Severity of β 

Thalassaemiaintermedia in Sri Lanka.” Scientific Reports 
9 (1): 1-9. 

[95] Alsailawi, H. A., Mudhafar, M., and Abdulrasool, M. M. 
2020. “Effect of Frozen Storage on the Quality of Frozen 

Foods—A Review.” J. Chem. 14: 86-96. 
[96] Zivot, A., Lipton, J. M., Narla, A., and Blanc, L. 2018. 

“Erythropoiesis: Insights into Pathophysiology and 
Treatments in 2017.” Molecular Medicine 24 (1): 1-15. 

[97] Mathangasinghe, Y., Fauvet, B., Jane, S. M., Goloubinoff, 
P., and Nillegoda, N. B. 2021. “The Hsp70 Chaperone 

System: Distinct Roles in Erythrocyte Formation and 
Maintenance.” Haematologica 106 (6): 1519. 

[98] El Safy, U. R., Fathy, M. M., Hassan, T. H., Zakaria, M., 
Al Malky, M. A. K., Arafa, M., and Mourad, M. H. 2016. 

“Effect of Breastfeeding versus Infant Formula on Iron 
Status of Infants with Beta Thalassemia Major.” 

International Breastfeeding Journal 12 (1): 1-5. 
[99] Prathyusha, K., Venkataswamy, M., Goud, K. S., 

Ramanjaneyulu, K., Himabindu, J., and Raj, K. S. 2019. 
“Thalassemia—A Blood Disorder, Its Cause, Prevention 

and Management.” Research Journal of Pharmaceutical 
Dosage Forms and Technology 11 (3): 186-90. 

[100] Ali, A. H., and Rosmilah, M. 2019. “Effects of Food 

Processing on the Stability and Quality of Shellfish 
Allergens.” Journal of US-China Medical Science 16: 

149-63. 
[101] Jha, R., and Jha, S. 2014. “Beta Thalassemia—A Review.” 

Journal of Pathology of Nepal 4 (8): 663-71. 
[102] Origa, R. 2017. “β-Thalassemia.” Genetics in Medicine 

19 (6): 609-19. 
[103] Shakkour, R., Hammoud, T., Mukhalalaty, Y., and Al 

Quobaili, F. 2021. “Investigation of Gonadal Function, 
Puberty, and Their Relationship to Serum Ferritin in Male 

Patients with β-Thalassemia Major in Syria.” Research 
Journal of Pharmacy and Technology 14 (7): 3595-602. 

[104] Vehapoglu, A., Ozgurhan, G., Demir, A. D., Uzuner, S., 
Nursoy, M. A., Turkmen, S., and Kacan, A. 2014. 

“Hematological Indices for Differential Diagnosis of Beta 
Thalassemia Trait and Iron Deficiency Anemia.” Anemia. 

Article ID 576738. http://dx.doiore/10.1 
155/2014/576738. 

[105] Ribeil, J. A., Arlet, J. B., Dussiot, M., Cruz Moura, I., 
Courtois, G., and Hermine, O. 2013. “Ineffective 

Erythropoiesis in β-Thalassemia.” The Scientific World 



Relationship of Reproductive Hormones and Fertility in Patients with Beta-Thalassemia Major 

 

13

Journal. Article ID 394295. 
https://doi.org/10.1155/2013/394295. 

[106] Wong, P., Fuller, P. J., Gillespie, M. T., and Milat, F. 
2016. “Bone Disease in Thalassemia: A Molecular and 

Clinical Overview.” Endocrine Reviews 37 (4): 320-46. 
[107] Longo, F., Piolatto, A., Ferrero, G. B., and Piga, A. 2021. 

“Ineffective Erythropoiesis in β-Thalassaemia: Key Steps 
and Therapeutic Options by Drugs.” International 

Journal of Molecular Sciences 22 (13): 7229. 
[108] Viprakasit, V., Origa, R., and Fucharoen, S. 2014. 

“Genetic Basis, Pathophysiology and Diagnosis.” In 
Guidelines for the Management of Transfusion 

Dependent Thalassaemia (TDT), 3rd ed. Thalassaemia 
International Federation. 

[109] Al-Naseem, A., Sallam, A., Choudhury, S., and Thachil, J. 
2021. “Iron Deficiency without Anaemia: A Diagnosis 

That Matters.” Clinical Medicine 21 (2): 107. 
[110] Anderson, E. R., and Shah, Y. M. 2013. “Iron 

Homeostasis in the Liver.” Comprehensive Physiology 3 
(1): 315. 

[111] Pandey, S., Pandey, S. K., and Shah, V. 2018. “Role of 
HAMP Genetic Variants on Pathophysiology of Iron 

Deficiency Anemia.” Indian Journal of Clinical 
Biochemistry 33 (4): 479-82. 

[112] Ahmed, S., Wazir, Z. J., and Qayyum, I. A. 2018. 
“Clinical and Haematological Picture of Multi-transfused 

Thalassaemia Major Patients at a Center in Pakistan.” J 
Islam Int Med Coll 13 (2): 52-6. 

[113] Benites, B. D., Cisneiros, I. S., Bastos, S. O., Lino, A. P. 
B. L., Costa, F. F., Gilli, S. C. O., and Saad, S. T. O. 2019. 
“Echocardiografic Abnormalities in Patients with Sickle 

Cell/β-Thalassemia Do Not Depend on the β-Thalassemia 
Phenotype.” Hematology, Transfusion and Cell Therapy 

41: 158-63. 
[114] Harrison, C. 2019. “First Gene Therapy for 

[beta]-Thalassemia Approved.” Nature Biotechnology 37 
(10): 1102-4. 

[115] Ha, A., Rosmilah, M., Keong, B. P., and Ateshan, H. M. 
2019. “The Effects of Thermal and Non-thermal 

Treatments on Protein Profiles of Scylla tranquebarica 
(Purple Mud Crab).” Plant Archives 19 (2): 813-6. 

[116] Dasauni, P., Chhabra, V., Kumar, G., and Kundu, S. 2021. 
“Advances in Mass Spectrometric Methods for Detection 

of Hemoglobin Disorders.” Analytical Biochemistry 629 
(9): 114314. 

[117] Kasmi, C., Amri, Y., Hadj-Fredj, S., Oueslati, S., 
Dabboussi, M., Mahjoub, R., Hammami, S., Aljane, I., 

Mami, F. B., Jamoussi, H., Messaoud, T., and Bibi, A. 
2021. “Analysis of δ-Globin Gene Alleles in Tunisians: 

Description of Three New Delta-Thalassemia Mutations.” 
Molecular Biology Reports 48: 5923-33. 

[118] Mudhafar, M. 2019. “Review of Photochemistry for 

Polyalithialongiflia.” Discovery Phytomedicine 6 (2): 
33-55. 

[119] Balgir, R. S. 2014. “Reproductive Outcome in Carrier 
Couples of β-Thalassemia Disorders in a Tertiary 

Hospital in Central India.” Thalassemia Reports 4 (1). 
https://doi.org/10.4081/thal.2014.1907. 

[120] Ivaldi, G., Barberio, G., Harteveld, C. L., and Giordano, 
P. 2014. “HbA2 Measurements in β-Thalassemia and in 

Other Conditions.” Thalassemia Reports 4 (2): 45-8. 
[121] Adewoyin, A. S., Adeyemi, O., Davies, N. O., and 

Ogbenna, A. A. 2019. “Erythrocyte Morphology and Its 
Disorders.” In Erythrocyte. IntechOpen. 

[122] Nigam, N., Verma, N., Agrawal, M., Gupta, H., Singh, P. 
K., Deo, S., and Saxena, S. K. 2019. “Correlation of 

Cytogenetic, Molecular and Clinical Findings in 
Thalassemia Patients at a Tertiary Care Hospital.” 

Journal of Evolution of Medical and Dental Sciences 8 
(46): 3441-4. 

[123] Sarwar, M. S., Ahmed, S., Ullah, M. S., Kabir, H., 
Rahman, G. M., Hasnat, A., and Islam, M. S. 2013. 

“Comparative Study of Serum Zinc, Copper, Manganese, 
and Iron in Preeclamptic Pregnant Women.” Biological 

Trace Element Research 154 (1): 14-20. 
[124] Pal, J., Shukla, B. N., Maurya, A. K., Verma, H. O., 

Pandey, G., and Amitha, A. 2018. “A Review on Role of 
Fish in Human Nutrition with Special Emphasis to 

Essential Fatty Acid.” International Journal of Fisheries 
and Aquatic Studies 6 (2): 427-30. 

[125] Kaul, A., Masuch, A., Budde, K., Kastenmüller, G., 
Artati, A., Adamski, J., Vlzke, H., Nauck, M., Friedrich, 
N., and Pietzner, M. 2018. “Molecular Fingerprints of 

Iron Parameters among a Population-Based Sample.” 
Nutrients 10 (11): 1800. 

[126] Sayar, E. H., Orhaner, B. B., Sayar, E., NesrinTuran, F., 
and Küçük, M. 2020. “The Frequency of Vitamin B12, 

Iron, and Folic Acid Deficiency in the Neonatal Period 
and Infancy, and the Relationship with Maternal Levels.” 

Turkish Archives of Pediatrics 55 (2): 139. 
[127] Iatsenko, I., Marra, A., Boquete, J. P., Peña, J., and 

Lemaitre, B. 2020. “Iron Sequestration by Transferrin 1 
Mediates Nutritional Immunity in Drosophila 

melanogaster.” Proceedings of the National Academy of 
Sciences 117 (13): 7317-25. 

[128] Mudhafar, M., Zainol, I., Jaafar, C. N. A., Alsailawi, H. 
A., and Desa, S. 2012. “A Review Study on Synthesis 

Methods of AgNanoparticles, Considering Antibacterial 
Property and Cytotoxicity.” International Journal of 

Drug Delivery Technology 11 (2): 635-48. 
[129] DeGregorio-Rocasolano, N., Martí-Sistac, O., Ponce, J., 

Castelló-Ruiz, M., Millán, M., Guirao, V., and Gasull, T. 
2018. “Iron-Loaded Transferrin (Tf) Is Detrimental 

whereas Iron-Free Tf Confers Protection against Brain 



Relationship of Reproductive Hormones and Fertility in Patients with Beta-Thalassemia Major 

 

14 

Ischemia by Modifying Blood Tf Saturation and 
Subsequent Neuronal Damage.” Redox Biology 15: 

143-58. 
[130] Sawayama, H., Iwatsuki, M., Kuroda, D., Toihata, T., 

Uchihara, T., Koga, Y., Yagi, T., Kiyozumi, Y., Eto, T., 
and Baba, H. 2018. “Total Iron-Binding Capacity Is a 

Novel Prognostic Marker after Curative Gastrectomy for 
Gastric Cancer.” International Journal of Clinical 

Oncology 23 (4): 671-80. 
[131] Becker, S. 2020. “Comparing Care of the Primary and 

Secondary Hemochromatosis Patients.” Journal of 
Infusion Nursing 43 (2): 65-9. 

[132] Daher, R., Manceau, H., and Karim, Z. 2017. “Iron 
Metabolism and the Role of the Iron-Regulating 

Hormone Hepcidin in Health and Disease.” La 
PresseMédicale 46 (12): e272-8. 

[133] Chaosuwannakit, N., and Makarawate, P. 2019. “The 
Value of Magnetic Resonance Imaging in Evaluation of 

Myocardial and Liver Iron Overload in a Thalassaemia 
Endemic Population: A Report from Northeastern 

Thailand.” Polish Journal of Radiology 84: e262. 
[134] Brown, R. A., Richardson, K. L., Kabir, T. D., Trinder, 

D., Ganss, R., and Leedman, P. J. 2020. “Altered Iron 
Metabolism and Impact in Cancer Biology, Metastasis, 

and Immunology.” Frontiers in Oncology 10: 476. 
[135] Timoshnikov, V. A., Kobzeva, T., Selyutina, O., 

Polyakov, N. E., and Kontoghiorghes, G. J. 2019. 
“Effective Inhibition of Copper-Catalyzed Production of 

Hydroxyl Radicals by Deferiprone.” JBIC Journal of 
Biological Inorganic Chemistry 24 (3): 331-41. 

[136] Leecharoenkiat, K., Lithanatudom, P., Sornjai, W., and 

Smith, D. R. 2016. “Iron Dysregulation in 
Beta-Thalassemia.” Asian Pacific Journal of Tropical 

Medicine 9 (11): 1035-43. 
[137] HonarmandEbrahimi, K., Hagedoorn, P. L., and Hagen, 

W. R. 2015. “Unity in the Biochemistry of the 
Iron-Storage Proteins Ferritin and Bacterioferritin.” 

Chemical Reviews 115 (1): 295-326. 
[138] Khan, M. A., Ma, J., Walden, W. E., Merrick, W. C., 

Theil, E. C., and Goss, D. J. 2014. “Rapid Kinetics of 
Iron Responsive Element (IRE) RNA/Iron Regulatory 

Protein 1 and IRE-RNA/eIF4F Complexes Respond 
Differently to Metal Ions.” Nucleic Acids Research 42 

(10): 6567-77. 
[139] Yiannikourides, A., and Latunde-Dada, G. O. 2019. “A 

Short Review of Iron Metabolism and Pathophysiology of 
Iron Disorders.” Medicines 6 (3): 85. 

[140] Pourcelot, E., Lénon, M., Charbonnier, P., Louis, F., 
Mossuz, P., and Moulis, J. M. 2018. “The Iron 

Regulatory Proteins Are Defective in Repressing 
Translation via Exogenous 5′ Iron Responsive Elements 

despite Their Relative Abundance in Leukemic Cellular 

Models.” Metallomics 10 (4): 639-49. 
[141] Wojtusik, J., and Roth, T. L. 2018. “Investigation of 

Factors Potentially Associated with Serum Ferritin 
Concentrations in the Black Rhinoceros (Dicerosbicornis) 

Using a Validated Rhinoceros-Specific Assay.” Journal 
of Zoo and Wildlife Medicine 49 (2): 297-306. 

[142] Muñoz, M., García-Erce, J. A., and Remacha, Á. F. 2011. 
“Disorders of Iron Metabolism. Part II: Iron Deficiency 

and Iron Overload.” Journal of Clinical Pathology 64 (4): 
287-96. 

[143] Powers, J. M., and Buchanan, G. R. 2019. “Disorders of 
Iron Metabolism: New Diagnostic and Treatment 

Approaches to Iron Deficiency.” Hematology/Oncology 
Clinics 33 (3): 393-408. 

[144] Qaiser, A., Azia, S., Irum, N., and Ghaznavi, S. 2020. 
“Comparison of Levels of Iron, Ferritin and 

Aminotransferases in Serum and Saliva of Beta 
Thalassemia Major Patients.” International Journal of 

Pathology 18 (3): 79-84. 
[145] Salama, K., Abdelsalam, A., Eldin, H. S., Youness, E., 

Selim, Y., Salama, C., Hassanein, G., Samir, M., and 
Zekri, H. 2020. “The Relationships between Pancreatic 

T2* Values and Pancreatic Iron Loading with Cardiac 
Dysfunctions, Hepatic and Cardiac Iron Siderosis among 

Egyptian Children and Young Adults with 
β-Thalassaemia Major and Sickle Cell Disease: A 

Cross-Sectional Study.” F1000Research 9: 1108. 
https://doi.org/10.12688/f1000research.25943.2. 

[146] Xiao, Z., La Fontaine, S., Bush, A. I., and Wedd, A. G. 
2019. “Molecular Mechanisms of Glutaredoxin Enzymes: 
Versatile Hubs for Thiol-Disulfide Exchange between 

Protein Thiols and Glutathione.” Journal of Molecular 
Biology 431 (2): 158-77. 

[147] Jusup, I., Batubara, L., Ngestiningsih, D., Fulyani, F., 
Paveta, D. A., and Bancin, P. T. L. A. 2021. “Association 

between Malondialdehyde, GSH/GSSG Ratio and Bone 
Mineral Density in Postmenopausal Women.” Molecular 

and Cellular Biomedical Sciences 5 (1): 13-7. 
[148] Manivasagam, T., Arunadevi, S., Essa, M. M., 

SaravanaBabu, C., Borah, A., Thenmozhi, A. J., and 
Qoronfleh, M. W. 2020. “Role of Oxidative Stress and 

Antioxidants in Autism.” In Personalized Food 
Intervention and Therapy for Autism Spectrum Disorder 

Management, pp. 193-206. 
[149] Shrivastava, A., Aggarwal, L. M., Mishra, S. P., Khanna, 

H. D., Shahi, U. P., and Pradhan, S. 2019. “Free Radicals 
and Antioxidants in Normal versus Cancerous Cells—An 

Overview.” Indian Journal of Biochemistry and 
Biophysics 56 (1): 7-19. 

[150] Miranda, M., Cantó, A., López-Pedrajas, R., 
Hernández-Rabaza, V., Olivar, T., Pascual, M., and 

Inmaculada, A. 2020. “Synthesis and Mitochondrial 



Relationship of Reproductive Hormones and Fertility in Patients with Beta-Thalassemia Major 

 

15

Transport of Glutathione in the RDS Mouse.” 
Investigative Ophthalmology and Visual Science 61 (7): 

1275-5. 
[151] Owoade, A. O., and Olorunnisola, A. A. O. S. 2019. “The 

Supportive Role of Dietary Antioxidants in Antioxidant 
Defence System.” Advanced in Life Science and 

Technology 73: 53-9. 
[152] Majhooll, AlhusseinArkan, Ismail Zainol, SaripahSalbiah 

Syed Abdul Azziz, Che Nor Aziza, And Mustafa 
MudhafarJahilJaafar. Mechanical properties improvement 

of epoxy composites by natural hydroxyapatite from fish 
scales as a filler "International Journal Of Research In 

Pharmaceutical Sciences." (2018). 
[153] Hearn, M. T., and Gomme, P. T. 2000. “Molecular 

Architecture and Biorecognition Processes of the Cystine 
Knot Protein Superfamily: Part I. The Glycoprotein 

Hormones.” Journal of Molecular Recognition 13 (5): 
223-78. 

[154] Wang, Y., Li, Y. B., Yang, H. M., and Wang, Z. Y. 2019. 
“Effect of Photoperiod on the Egg Production, Plasma 

Luteinizing Hormone, Follicle-Stimulating Hormone, 
Gonadal Hormones, and Mrna Levels of Lh and Fsh in 

the Hypothalamic-Pituitary-Gonadal Axis of Pigeons.” 
Brazilian Journal of Poultry Science 21 (4): 1-6. 

https://doi.org/10.1590/1806-9061-2018-0931.   
[155] Bousfield, G. R., and Dias, J. A. 2011. “Synthesis and 

Secretion of Gonadotropins Including Structure-Function 
Correlates.” Reviews in Endocrine and Metabolic 

Disorders 12 (4): 289-302. 
[156] Wang, H. Q., Zhang, W. D., Yuan, B., and Zhang, J. B. 

2021. “Advances in the Regulation of Mammalian 

Follicle-Stimulating Hormone Secretion.” Animals 11 (4): 
1134. 

[157] Oyatogun, O., Sandhu, M., Barata-Kirby, S., Tuller, E., 
and Schust, D. J. 2021. “A Rational Diagnostic Approach 

to the ‘Phantom hCG’ and Other Clinical Scenarios in 
Which a Patient Is Thought to Be Pregnant but Is Not.” 

Therapeutic Advances in Reproductive Health 15: 
26334941211016412. 

[158] Tej, J. N. K., Johnson, P., Krishna, K., Kaushik, K., 
Gupta, P. S. P., Nandi, S., and Mondal, S. 2021. “Copper 

and Selenium Stimulates CYP19A1 Expression in 
Caprine Ovarian Granulosa Cells: Possible Involvement 

of AKT and WNT Signalling Pathways.” Molecular 
Biology Reports 48 (4): 3515-27. 

[159] Tokmakov, A. A., Stefanov, V. E., and Sato, K. I. 2020. 
“Dissection of the Ovulatory Process Using ex Vivo 

Approaches.” Frontiers in Cell and Developmental 
Biology 8: 1558. 

[160] Hagiwara, A., Ogiwara, K., Sugama, N., Yamashita, M., 
and Takahashi, T. 2020. “Inhibition of Medaka Ovulation 

by gap Junction Blockers due to Its Disrupting Effect on 

the Transcriptional Process of LH-Induced Mmp15 
Expression.” General and Comparative Endocrinology 

288: 113373. 
[161] Rice, B. F. 1967. “Steroid Synthesis by the Human Ovary: 

A Compartmental Viewpoint.” Medical Clinics of North 
America 51 (4): 903-13. 

[162] Leavy, M., Trottmann, M., Liedl, B., Reese, S., Stief, C., 
Freitag, B., Baugh, J., Spagnoli, G., and Kölle, S. 2017. 

“Effects of Elevated β-Estradiol Levels on the Functional 
Morphology of the Testis-New Insights.” Scientific 

Reports 7 (1): 1-11. 
[163] Sbardella, E., Minnetti, M., Pofi, R., Cozzolino, A., 

Greco, E., Gianfrilli, D., and Isidori, A. M. 2020. “Late 
Effects of Parasellar Lesion Treatment: Hypogonadism 

and Infertility.” Neuroendocrinology 110 (9-10):  
868-81. 

[164] Singh, P., Samaddar, S., Parakh, N., Chandra, J., and Seth, 
A. 2021. “Pubertal Development and Its Determinants in 

Adolescents with Transfusion-Dependent Thalassemia.” 
Indian Pediatrics 58 (7): 635-8. 

[165] Uckun, U., Bas, F., Poyrazoglu, S., Sukur, N. M., 
Darendeliler, F. F., and Bundak, R. 2020. “Baseline 

Characteristics of Patients with Growth Hormone 
Deficiency.” Journal of Istanbul Faculty of Medicine 83 

(4): 413-21. 
[166] Al-Naama, L. M., Mea’adKadhum Hassan, M. M., and 

Karim, A. 2020. “Growth Hormone and Insulin-Like 
Growth Factor-1 Status in Pediatric Patients with 

β-Thalassemia Major.” Growth 25 (9): 3183-93. 
[167] Cagliyan, G. A., Yaylali, G. F., Soyer, N., Hacioglu, S., 

Cagliyan, O., and Guler, N. 2021. “Relationship between 

Endocrinopathies and Ferritin Levels in Adult Turkish 
Patients with Beta Thalassemia Major: A Single-Center 

Experience.” Erciyes Medical Journal 43 (1): 37-43. 
[168] He, M., Hu, S., and Luo, H. 2020. “Ultrasound Diagnosis 

and Clinicopathological Traits of Female Genital System 
Malignant Lymphomas.” Medicine 99 (34): e21341. 

[169] AbdElmonsef, A. S., zkaria, A. E. M., Mostafa, A. E. M., 
and Sh, M. O. H. A. M. M. E. D. 2020. 

“Two-Dimensional versus Three-Dimensional 
Transabdominal Sonography for Measurement of Lower 

Uterine Segment Thickness in Women at Term 
Pregnancies with Previous Caesarean Sections.” The 

Medical Journal of Cairo University 88: 2059-72. 
[170] Liau, J., and Schultz, H. 2020. “Recent Updates in 

Female Pelvic Ultrasound.” Current Radiology Reports 8 
(8): 1-14. 

[171] Rahmania, W., Ulum, M. F., Zaenab, S., and Noviana, D. 
2020. “Prevalence of Renal Abnormalities in Treating 

Dogs to the Veterinary Teaching Hospital and Animal 
Clinic by Using Ultrasonography.” Jurnal Veteriner 21 

(2): 167-75. 
 


