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Abstract

Objective: To determine the molecular characterisation of beta-thalassemia major patients, pattern of major endocrine
complications and its association with haemoglobin subunit beta gene variants.

Method: The cross-sectional study was conducted from November 2021 to November 2022 after approval from the ethics
review committee of Liaquat University of Medical and Health Sciences, Jamshoro, Pakistan, and comprised of 88 patients
with beta thalassemia major aged >8 years and having serum ferritin level >1000 pg/L. The subjects were analysed for
haemoglobin subunit beta gene variants and major endocrine complications, like growth retardation, hypogonadism,
hypothyroidism, hypoparathyroidism and diabetic abnormalities using an automatic chemistry analyser, fully automatic
chemiluminescence immunoassay analyser, enzyme-linked immunosorbent assay and real-time polymerase chain reaction.
Data was analysed using SPSS 25.

Results: Of the 88 subjects, 40(45.4%) were girls and 48(54.5%) were boys. The overall mean age was 12+2.81 years. Of the
total, 55(62.5%) had growth retardation, 41(46.6%) were cases of hypogonadism, 16(18.1%) hypothyroidism, 5(5.7%)
hypoparathyroidism, 3(3.4%) diabetes mellitus and 8 (9.1%) had impaired glucose tolerance. Also, 65(73.9%) patients
confronted at least one endocrine complication. Endocrine complications were strongly associated with serum ferritin levels
(p=0.000). The most common haemoglobin subunit beta gene variant identified was IVSI-5 (G>C) in 36(40.9%), and the
least identified variant was cluster of differenctiation-CD26(G>A) 1(1.1%). The association between haemoglobin subunit
beta gene variants with endocrine complications was statistically non-significant (p>0.05).

Conclusion: IVSI-5 (G>C) was found to be the most frequent haemoglobin subunit beta gene variant among beta-
thalassemia major patients.
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Introduction

Thalassemia disorders represent a family of hereditary
anaemias with an autosomal recessive pattern caused by
the mutation in the gene cluster of haemoglobin (Hb),
resulting in the impairment of globin chain synthesis.” A
Hb molecule comprises four polypeptide chains, 2 alpha
and 2 beta, attached to the heme molecule. The synthesis
of defective Hb due to these faulty globin chains leads to
the early lysis of red blood cells (RBCs).2 Thalassemia
disorder is categorised into alpha and beta thalassemia
based on the defective alpha and beta polypeptide chains.
Thalassemia major, thalassemia intermedia and
thalassemia minor are the three clinical subtypes of beta
thalassemia disease.3 Beta thalassemia-major (BTM)
patients face frequent haemolysis and ineffective
erythropoiesis, leading to severe anaemia, thus requiring
lifelong blood transfusions. Repeated transfusions lead to
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iron overload.4 Intestinal iron absorption is also increased
in thalassemia-major due to the hepcidin suppression by
twisted gastrulation protein homolog-1 (TWSGT1) and
growth differentiation factor-15 (GDF-15), released from
erythroblasts during ineffective erythropoiesis.> This excess
iron amasses in tissues, especially the liver, heart and
endocrine organs.6

Growth retardation, hypogonadism, hypoparathyroidism,
hypothyroidism and glycaemic abnormalities are the major
endocrine complications reported in iron-overloaded
patients of BTM.7 Patients with thalassemia illnesses have
a frequent correlation between ferritin level and growth
abnormalities. Reactive oxygen species (ROS) production
isincreased during iron overload, negatively affecting bone
metabolisms and leading to growth retardation.8 lron
accumulates in the pituitary gland of thalassemia patients
causes the failure of the functioning of the hypothalamic-
pituitary axis. It affects the serum levels of testosterone,
luteinizing hormone (LH) and follicular stimulating
hormones (FSH), impaired breast development in females,
low spermatogenesis in males, and ultimately
hypogonadism in both genders.9 The excess iron in thyroid
glands induces free radical damage and cellular-level lipid
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peroxidation,  affecting thyroid functions and
hypothyroidism.10 Multi-blood transfusions in thalassemia-
major patients cause iron deposition in the parathyroid
gland that results in decreased parathyroid hormone (PTH),
which in turn causes hypoparathyroidism.!" Patients with
thalassemia have a high risk of getting diabetes mellitus
(DM). Iron accumulation in pancreatic beta cells damages
these cells, and, thus, insulin resistance (IR) is moderated.!2
The gene mainly involved in beta-thalassemia disorder is
the haemoglobin subunit beta (HBB) gene, which has more
than 300 recognised mutations and 40 of them are the
critical source of thalassemia disease.’3 The spectrum of
HBB gene variants varies among the population of different
ethnic groups. Molecular characterisation of beta-
thalassemia patients in South-East Asia exhibited the most
frequent mutation as IVS1+5G>C, trailed by cluster of
differentiation-30 (CD-30) G>C. The rare mutations
observed were FS8/9, IVS1+1G>T and CD-15.4 In
Bangladesh, nine variants of the HBB gene had been
identified. The most prevalent were IVSI-5 G>C, IVSII-16
G>C, CD-26/HbE G>A and CD-2 T>C. While CD-1T>A, CD-
30 G>C, CD-2 C>A and IVS-1I-81 C>T were the uncommon
HBB gene variants.’s A study on Arab, Fars, Lur, Bakhtiary
and Kord ethnicities revealed IVSII-1 as the most repeatedly
found mutation in Lur and Fars populations. Arab and
Bakhtiary people had CD-36/37 mutation predominantly,
and many Kord people had CD-8/9 mutation as well.16

The most common HBB gene variants observed in Pakistani
thalassemia patients are IVS1-5 (G>C), Fr-8-9, Del-619bp,
Fr-41-42, CD-5 (-CT), IVS1-1 (G>T), CD-15 (G-A) and CD-30
(G>Q). Different areas represent variations in HBB gene
variants within Pakistan. The most frequent HBB gene
variants noted in Khyber Pakhtunkhwa (KP) province were
Fr-8-9 (+G), Fr-41-42 (-TTCT) and CD-5 (-CT), while in
Karachi IVS1-5 (G>C), IVS1-1 (G>T) and Fr-8-9 were
commonly detected variants.7.18 Variable genetic defects
influence the rate of iron overload and the development of
endocrine complications. For example, patients with the
IVS-11-745 HBB gene variant expressed a higher frequency
of DM. There is data scarcity about the association of HBB
gene variants with the manifestation of endocrine
complications persists, but a study on thalassemia patients
in Egypt indicated the possibility of a relationship between
HBB gene variants with endocrine complications.’® The
current study was planned to determine the molecular
characterisation of BTM patients, pattern of major
endocrine complications and its association with HBB gene
variants.

Patients and Methods
The cross-sectional study was conducted from November
2021 to November 2022 after approval from the ethics
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review committee of Liaquat University of Medical and
Health Sciences (LUMHS), Jamshoro, Pakistan. Convenient
sampling technique was used to select the study subjects.
Informed verbal consent was taken from the patients and
parents. The sample size was calculated by using the
formula:20 n=22P(1-P)/d2 where n is the sample size, Z was
taken as 95%, P (expected prevalence)'9 was used as 0.07%,
and d the precision taken as 2%. The calculated sample size
came to be 66. For the purpose of increasing accuracy and
reliability, the calculated sample size was inflated by >20%,
so the total study subjects examined were 88.

Those included were BTM patients aged >8 years having
serum ferritin level >1000 pg/L. Those with a family history
of hypogonadism, hypothyroidism, hypoparathyroidism,
growth retardation, or DM were excluded.

The study was carried out in three phases. During the first
phase, diagnosed thalassemia-major patients were
identified and re-confirmed by history and medical record.
In the second phase, growth retardation was examined by
observing height-to-weight chart according to age and
gender of the patients.2' The gonadal status was observed
by tanner scoring.2223 In the third phase, venous blood
sample was drawn in vacutainers containing gel and
ethylenediaminetetraacetic acid (EDTA) for laboratory
investigations that were conducted at the Pathology and
Molecular Biology and Genetics Laboratories of LUMHS.
Serum calcium, serum phosphate, glucose tolerance test
(GTT) and serum ferritin were analysed using an auto-
chemistry analyser (Roche Modular-501). Free thyroxine
(T4), thyroid stimulating hormone (TSH), estradiol,
testosterone, FSH and LH were analysed using a fully
automatic chemiluminescence immunoassay (Abbot
Allinity). insulin-like growth factor-1 (IGF-1), growth
hormone (GH) and intact parathyroid hormone (iPTH) were
performed using enzyme-linked immunosorbent assay
(ELISA) technique. For HBB gene variants, deoxyribonucleic
acid (DNA) (QiAamp DNA Qiagen Mini-Kit with complete
Meltpro® HBB Test, Pakistan) was used.

Data was analysed using SPSS 25. Frequency of different
HBB gene variants and endocrine complications were
expressed as frequencies and percentages. Association of
endocrine complications with HBB gene variants, blood
transfusion and demographic variables were also assessed.
Pearson correlation coefficient was calculated between
overall endocrine complications and individual HBB gene
variants. Logistic regression analysis was done to analyse
the association of HBB gene variants with growth
retardation, hypogonadism, hypothyroidism,
hypoparathyroidism and DM abnormalities separately.
P<0.05 was taken as significant.
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Results

Of the 88 subjects, 40(45.4%) were girls and 48(54.5%) were
boys. The overall mean age was 12+2.81 years. The most
common HBB gene variant identified was IVSI-5 (G>C) in
36(40.9%), and the least identified variant was CD-26 (G>A)
1(1.1%) (Table 1).

Of the total, 55(62.5%) had growth retardation, 41(46.6%)

Table-1: Molecular characterisation of beta thalassemia-major patients.

HBB Gene Variant n (%)
IVSI-5(G>(C) 36 (40.9)
(D8/9(+G) 13(14.9)
(D30(G>() 8(9.1)
(D15(G>A) 7(8)
IVSI-1 (G>T) 7(8)
(D16(-C) 5(5.7)
Wild type 3(3.4)
(D5(-CT) 3(3.4)
Del619bp 3(3.4)
(D41/42(-TTCT) 2(23)
(D26(G>A) 1(1.1)
Total 88 (100)

HBB: Haemoglobin subunit beta, CD: Cluster of differentiation.

Table-2: Pattern of major endocrine complications among patients of beta
thalassemia-major.

Category of Endocrine Disorder Status n (%)
Growth Status Growth Retardation Yes 55(62.5)
No 33(37.5)
Gonadal Status ~ Hypogonadism Yes 41 (46.6)
No 47 (53.4)
Thyroid Status Hypothyroidism Yes 16 (18.1)
No 72(81.8)
Parathyroid Status  Hypoparathyroidism Yes 5(5.7)
No 83(943)
Diabetic Status Diabetes Mellitus Yes 3(3.4)
Impaired Glucose Yes 8(9.1)
No Diabetes No 77 (87.5)

Table-3: Association of endocrine complications with demographic variables and
blood transfusion.

Variables Category Endocrine Complications p-value
Yes [n (%)] No [n (%)]
Gender Female 24(60) 16 (40) <0.008
Male 41(85.4) 7(14.6)
Residence Urban 17 (60.7) 11(39.3)  <0.056
Rural 48 (80) 12(20)
Socioeconomic  Poor 48(78.7) 13(213) <0123
status Middle 17 (63) 10(37)
Consanguineous Cousin Marriage 53(73.6) 19 (26.4) <0.9
Marriage Out of Family marriage 12 (75) 4(25)
Monthly Blood  1-2 49 (72.1) 19(27.9)  <0.505
Transfusions Three and above 16 (80) 4(20)
6-10 2(100) -
Serum Ferritin -~ up to 2000 20 (47.6) 22(524)  <0.001
2001 and above 45(97.82) 1(2.18)
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were cases of hypogonadism, 16(18.1%) hypothyroidism,
5(5.7%) hypoparathyroidism, 3(3.4%) DM and 8(9.1%) had
impaired glucose tolerance (IGT) (Table 2). Also, 65(73.9%)
patients confronted at least one endocrine complication.

Blood transfusion had no significant association with
endocrine complications (p>0.05). Endocrine
complications were strongly associated with serum ferritin
level, male gender and rural residence (Table 3). The
association between HBB gene variants with endocrine
complications was non-significant (p>0.05).

Logistic regression analysis showed a very weak correlation
(r=0.16) of overall endocrine complications with individual
HBB gene variants.

Discussion

In the current study, the most frequently found HBB gene
variant was IVSI-5(G>C), followed by CD-8/9(+G), CD-
30(G>C), CD-15(G>A), IVSI-1 (G>T), CD-16(-C), wild type
(WT), CD-5(-CT), Del-619bp, CD-41/42(-TTCT) and CD-
26(G>A). The findings were not too dissimilar with earlier
studies done in India and Pakistan.2425 A study further
expressed that IVS-I-110 and IVS-II-1 were the most
frequent HBB gene variants in Arab population, while IVSI-
1 and IVS-1I-745 mutations were the most prevalent HBB
gene variants in Syrian, Jordanian and Egyptian
populations. The Saudi Arabians were the only people to
have codon 39, codon 6, Cap +1 and IVS-I-5, whereas the
people of Lebanon had codon 39 mutation.26

The major endocrine complications studied in Sri Lanka
were hypogonadism, followed by growth retardation,
hypothyroidism, DM and hypoparathyroidism.2? The
current study showed growth retardation, hypogonadism,
hypothyroidism, hypoparathyroidism, DM and IGT in
thalassemia-major patients. Comparable findings were
found in Iranian thalassemia patients in a study which did
not address growth retardation. The present study found
that 73.9% BTM patients, 65(73.9%) had at least one
endocrine complication. The Iranian study reported a
corresponding value of 86.8%.28 A study on 50 thalassemia
patients in India showed thalassemia children having short
stature, delayed puberty, hypothyroidism and DM.29

As for as the association of HBB gene variants with major
endocrine complications, the present study found no
significant association. A study done in Egypt presented
contrasting findings.30

The current study has limitations as the subject needed
long-term exploration, but owing to time and budget
constraints, the time duration was limited even with a
reasonable sample size. A comparison group of healthy
controls would have added more value to it. The study tried
to overcome this limitation by using a regression model.
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The relationship of HBB gene variants with major endocrine
complications may be found if the same study could be
extended with a large sample size.

Conclusion

The most frequently found HBB gene variant in BTM
patients was IVSI-5(G>C), followed by CD-8/9(+G) and CD-
30(G>C), while the least common variant detected was
CD-26(G>A). Majority of patients had at least one
endocrine complication. There was a significant association
between high serum ferritin with endocrine complications.
There was no significant association of HBB gene variants
with the major endocrine complications.
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