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ABSTRACT
Background: Beta-thalassemia syndromes are a set of hereditary blood disorders marked by a deficiency of betaglobin chain synthesis, resultant in decrease hemoglobin in red blood cells [RBC], anemia, and a
reduced RBC production
Aim of the work: To evaluate glycometabolic and liver function in cases with β-thalassemia major and their
correlation with serum iron and ferritin
Patients and methods: This was a case-control study that was performed in the pediatric department of Al-Azher
University Hospital in Damietta from June 2018 to June 2019. Fasting serum glucose, insulin, and liver
enzymes were assessed for 48 cases and 40 ordinary controls. Serum iron and ferritin were recorded
as an indicator of iron overload
Results: Fasting serum insulin, alanine transaminase [ALT] levels, aspartate transaminase [AST] levels were
significantly high in thalassemia major [TM] cases than in the control group [P<0.05 for all]. As showed,
the serum iron and serum ferritin showed a highly significant increase in the patients' group more than
the control group.
Conclusion: The kids with β-TM have a high glycemic disorders incidence rate, may be because of the insulin
resistance due to the amplified iron burden.
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INTRODUCTION

chelation therapy, cases with thalassemia major to
have a lifetime with admission to suitable treatment.
Common chelators including deferoxamine and
deferiprone[5].

Thalassemias are a heterogeneous set of
disorders of genes resultant from faults in genes
production α or β-globin chains. β-thalassemia
comes from a fault in β-globulin chain making that
gives various results varying from severe anemia to
clinically asymptomatic persons. The worldwide
incidence rate is valued at one per 100,000[1].

Amplified gastrointestinal iron absorbance is
detected in all levels of β-thalassemia and raised
RBC annihilation by the spleen because of
unsuccessful
erythropoiesis
supplementary
produces extra iron into the blood-stream[6].

The disorder influences all genders but have a
higher prevalence in certain ethnicities and age
levels. It is the most frequent disorder in the blood
genes all over the world and is fast growing. A 7%
of the Global residents having this disorder, and
400,000 babies have come with the trait annually[2].
The beta form of thalassemia is particularly
prevalent among the Mediterranean peoples, and
this geographical association is responsible for its
naming. Beta Thalassemia is the most common
chronic hemolytic anemia in Egypt [85.1%], with a
carrier rate of approximately 10%[3].

Cumulation of iron leads to a big health
problem for the heart, liver, and endocrine glands.
Severe symptoms involving cirrhosis and fibrosis for
the liver and in dangerous patients lead to liver
cancer: heart failure, diabetes, growth weakening,
and osteoporosis [7].
Advanced intolerance in glucose or Diabetes
Miletus [DM] is the chief metabolic problem in a high
percentage of cases with β-thalassemia major and
share to general morbidity. But, the pathogenetical
mechanisms guide to DM are not completely
explained, and many authors now trust that iron
admission in the pancreatic β -cells is the main
reason [8].

Beta thalassemias are produced by an
alteration in the gene of hemoglobin-B on
chromosome-11, inherited in an autosomal
recessive manner. The severity degree of the
disorder is based on the mutation properties.
hemoglobin-β blockage through time guides to
reduced beta-chain synthesis. The body's failure to
produce new β-chains guide to the underproduction of HbA[4].

This suggestion is validated by the improved
incidence rate of DM detected in idiopathic
hemochromatosis and in post-transfusional iron
excess. This conclusion is not depending on the
glucose tolerance grade and frequently is straightly
linked with serum biomarkers of long-time irontoxicity like serum ferritin, serum aspartate
aminotransferase, liver iron, and the period of the
blood transfusion therapy[9].

Because of this feature, the cases might need
a blood-transfusion to perform the blockage in the
β-chains. Continual blood-transfusions may guide
to the accumulation of iron, eventually resultant in
an iron-toxicity. This iron-toxicity may lead to
several complications, counting myocardial
siderosis and heart failure, and finally, case
mortality[1].

Furthermore, liver complaints and genetic
effects appear to be different predisposing
influences. In specific insulin resistance, because of
liver harm, has been requested to use a pivotal
function in the complication progress[10].

Children having this disorder need a steady
lifetime blood-transfusion and may suffer from
further complications. Cases obtain regular bloodtransfusions that guide to or potentiate iron excess.
A treatment of Iron chelation is required to avoid
interior organs damaging.

AIM OF THE WORK
This work was performed to evaluate glycolmetabolic and liver-function in cases with βthalassemia major and their association with serum
iron and ferritin.

The therapy involves a regular bloodtransfusion, splenectomy if hypersplenism is
existing, and treating of transfusion-lead to iron
excess. Because of new improvements in iron

PATIENTS AND METHODS
After obtaining approval from the ethics
committee, this study was a case-control one that
was performed in the pediatric department of Al1089
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Azher University Hospital in Damietta over an
interval of one year [from June 2018 to June 2019].
This work involved 48 cases with the β-thalassemia
major with a mean aging of 6-18 years receiving
periodic blood-transfusions. An extra 40 normal
persons matching the same age range were
included as controls.

Statistical Analysis: Statistical analyses were
carried out using IBM-SPSS version 20 software.
Qualitative information was introduced in the form
of numbers and percents. A matching among
various groups for definite variables was performed
via the Chi-square test. Quantitative data was
introduced in the form of mean and standard
deviation [SD] for ordinarily distributed data,
whereas unusually distributed data was introduced
in the form of the median, minimum, and max. For
ordinarily distributed data, a comparing among two
separated groups was demonstrated via an
independing t-test. P-value of <0.05 was counted as
statistically significant.

The thesis was accepted by the Faculty of
Medicine's ethical review committee at Al Azhar
University. The work was carried out for human
studies in agreement with the World Medical
Association's Code of Ethics [Helsinki Declaration].
Inclusion criteria: β thalassemia major
patients receiving blood transfusion; and both sexes
were included.

RESULTS
Table [1] presented a comparison among the
groups included in the current work as regards
demographic data, the sex in the two was
comparable, regarding age no significant change
among the two groups existed [P >0.05], the patients
ages was 12.54 ± 3.60 years while for the controls
was 12.10 ± 0.92 years. Regarding the residence, no
significant change among the studied groups was
detected.

Exclusion criteria: Inborn error of
metabolism; diabetes mellitus; chronic infection [as
chronic hepatitis, TB], and Chronic liver disease.
All studied patients were exposed to medical
history taking, clinical examining, and abdominal,
cardiovascular, and neurological examination.
Thalassemia children who came for blood
transfusion were asked to come on an empty
stomach for 8 hours next time. On the next visit,
blood was obtained for serum assessment of
glucose, insulin, liver enzymes, iron, and ferritin

The matching among the groups of the study
with regard to anthropometric measurements, the
height, and weight in controls was significantly high
in comparison with the group of cases [p <0.05].

Fasting serum glucose, insulin, and liver
enzymes [AST and ALT] were measured for both the
cases and normal control. Serum iron and ferritin
were determined as a marker for iron excess. Fasting
serum glucose, serum glutamic-pyruvic transaminase [SGPT], serum glutamic-oxaloacetic
transaminase [SGOT], and serum iron have been
done by an automated chemistry analyzer [B.T.1500
Biotecnica, Italy]. Ferritin and serum insulin was done
via Enzyme-linked immunosorbent assay [ELISA]
[Tecan, Swizerland] in accordance with
manufacturers' instructions.

Also, regarding vital signs, the pulse in patients
was 106.42±11.04, while in the control group, it was
96.68±10.37, and a significant rise in pulse in
patients in comparison with the control group [p <
0.05] was exist. The temperature in the two groups
was around 37oC, and there was no significant
change among the studied groups concerning
temperature [p.>0.05].
Table [2] showed the matching among the
groups of the study concerning serum glucose and
serum insulin level, the mean serum glucose in
patients was 87.4 ± 12.78, while in the control group
was 89.5±11.26, there was no significant change
among the groups under investigation concerning
serum glucose, the serum insulin in patients group
was 13.7 ± 13.13, while in the control group was 8.15
± 2.49, there was a significant rise in serum insulin for
cases more than the control group [p <0.05].

Fasting Serum glucose level [normal value for
age 6-12 was 70-120 mg/dl][11]. Fasting serum
insulin level [normal value for age 6-12 was 5.0-34.0
µIU/L] [12]. Liver enzymes [ALT, AST] [ALT normal
value was 5-35 U/L; AST 15-40][13]. Total serum iron
and serum ferritin [normal value was of serum iron
was 5-27 µmol/L and serum ferritin was 18-81
µg/L].
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The comparing among the groups of the study
concerning serum iron and serum ferritin level, the
mean serum iron in patients was 262.1±75.48, while
in control was 36.15 ± 15.16, the serum ferritin in
patients was 2626.79 ± 690.17, while in control was
25.93 ± 18.24, there was a highly significant increase
in serum iron and serum ferritin in patients more than
the control. Table [3] showed the matching among
the groups of the study concerning liver function
test, the SGPT in the patients and control was
matched without significant difference. In contrast,
the SGOT shows a slightly significant increase in
patients more than the control [p <0.05]. Table [4]
showed the correlation between serum iron and
serum ferritin in relation to liver function test [SGPT,
SGOT]; it was found that there was no significant

correlation between both SGPT and SGOT
regarding serum glucose and insulin [p > 0.05].
Figure [1] showed the correlation between
serum iron and serum ferritin in relation to age, age
of onset, frequency of transfusion/year, and the
dose of iron-chelating agent/day; it was found that a
significant positive association existed among both
serum iron in relation to the frequency of
transfusion/year and the dose of iron-chelating
agent/day, and negative correlation between serum
ferritin and both to the frequency of transfusion/year
and the dose of iron-chelating agent/day. While the
age, age of onset, and duration of the disease show
insignificant relation with both serum iron and
ferritin.

Table [1]: Comparison between studied groups as regards Demographic data and regarding vital signs
Patients group
Control group
n= 48
n= 40
No.
%
No.
%
Sex
Male
25
52.08
24
60.0
Female
23
47.92
16
40.0
Age [year]
Range
6-18
6-18
Mean±SD
12.54±3.60
12.10±3.92
Residence
Rural
26
54.17
17
42.5
Urban
22
45.83
23
57.5
Height [cm]
<3rd percentile
19
39.6
8
20.0
> 95 percentile
29
60.4
32
80.0
Weight [kg]
<3rd percentile
22
45.8
7
17.5
> 95 percentile
26
54.2
33
82.5
Pulse [beat/min]
Range
87-125
80-112
MeanSD
106.4211.04
96.6810.37
X2 = Chi square test; t=t-test; p is significant if < 0.05; * Significant at level 0.05.

test

P value

X2= 0.93

0.231

t=0.72

0.292

X2=1.65

0.140

X2 = 3.93

0.047*

X2 = 7.92

0.0048*

t= 5.65

0.001*

Table [2]: Comparison between the two studied groups regarding serum glucose, serum insulin level,
serum iron, serum ferritin level, and liver function test.
Serum glucose [mg/dl]

Range
MeanS.D.
Serum insulin
Range
MeanS.D.
Serum iron
Range
MeanS.D.
Serum ferritin
Range
MeanS.D.
SGPT [IU/L]
Range
Mean±S.D.
SGOT [IU/L]
Range
Mean±S.D.
* Significant at level 0.05; t=t-test; p is significant if < 0.05

Patients group
n= 48
70-123
87.4212.78
5.5-90
13.7013.13
105-442
262.1575.48
1344-4276
2626.79690.17
7-40
14.29±6.66
14-65
26.44±8.95
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Control group
n= 40
72-120
89.5811.26
3.5-13.3
8.152.49
15-65
36.1515.16
10-122
25.9318.24
7-32
15.05±5.40
10-31
18.40±4.87

Test
t
0.89

P
0.204

3.33

0.005*

12.5

0.0001*

11.23

0.0001*

0.98

0.282

3.65

0.011*
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Figure [1]: Correlation between serum iron and serum ferritin in relation to age, age of onset, frequency of transfusion/year, and
iron-chelating agent/day.
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Chekir et al. stated mass lateness in their cases by
14.28%[18]. But few studies; demanded that the
mean body mass and BMI of their thalassemic
cases were in the ordinary interval and insignificant
difference than their control group. Growing
problems is mutual in cases of thalassemia[19].

DISCUSSION
Thalassemias are a heterogeneous group of
genetic disorders resulting from defects in genes
producing α or β globin chains. Frequent blood
transfusions have increased life expectancy and
improved the quality of life for patients with TM, but
it causes progressive iron overload, which is a
major clinical complication of the treatment. Some
evidence shows that oxidative stress [caused by
iron accumulation] is the most important factor in
the pathogenesis of clinical complications of the
disease. A wide range of literature has documented
multiple organ dysfunction, among which the heart,
liver, and endocrine systems are the most common
organs affected[14].

The consequences of our work displayed that
the mean pulse in cases was 106.42±11.04 while in
the control group was 96.68±10.37; there was a
significant increase in patients in comparison with
the controls [p < 0.05]. The temperature in the two
groups was around 37oC, and no significant change
among the studied groups was detected concerning
temperature [p > 0.05].
In approval to our consequences Elsehaimy et
study the evaluation of pulmonary functions
in pediatric patients with beta-thalassemia major;
they found that the heart rate and respiratory rate
was significantly higher in cases more than the
control group [p <0.01][20].
al.[20],

Glucose intolerance is a common
consequence of transfusion therapy in patients with
TM, but the relative contribution of pancreatic
damage and insulin resistance to glucose
intolerance is unclear. The exact mechanism of
iron-induced diabetes is unclear, but it most likely
occurs through these three mechanisms: [1] insulin
deficiency, [2] insulin resistance, and [3] hepatic
dysfunction. Although numerous studies have been
performed on endocrine and liver complications in
thalassemia, the number of published studies about
Iranian patients is significantly small[15].

For the current study, the mean serum glucose
in patients was 87.4±12.78, while in the control
group was 89.5±11.26, with no significant change
among groups of the study as regards the serum
insulin, it was 13.7±13.13 in the patients' group,
while in the control group was 8.15±2.49, with the
significant increase in cases more in comparison
with the controls [p <0.05].

The anthropometric measurements values in
our results showed that the height and weight
percentile was significantly lower in cases more in
comparison with controls.

In agreement with our results, Ghergherehchi
et al.[21], study the Insulin Opposition and β- Cell
Role in cases of β-Thalassemia major; they found
that there was a significant elevation in serum
insulin in the patients' group more than the control
group[21].

In the study carried out by Fahim et al.[13], they
study the growth parameters in children with
thalassemia in Upper Egypt. They carried the study
on two groups cases and control; they found that
the mean body mass and tallness of the cases
[[15±8.8 kg] [96±86 cm]] were lower significantly in
comparison with the control group [[26±17 kg] and
[119±25 cm]]; P<−2], in comparison to 2% of
controls [P< 0.001]. 47% of the cases were underweight; 38 % were medium [weight z-score <−2]
and 9 % were extreme [weight z- score < −3][13].

In contrast to our results, Shams et al.[22], study
the assessment of serum insulin, lipid profile,
glucose, and liver function in β-Thalassemia major
cases and its relationship with iron excess. They
found that the serum glucose amount was
significantly higher for the cases in comparison
within the control group [P=0.000], while the fasting
serum insulin exhibited no significant change
among the serum insulin level of the studied groups
[P=0.215][22].

Hashemi et al. concluded under-weight in
45.71% and low BMI in 18.6% of their cases with
BTM[15]. Shamshirsaz et al. concluded a low mass
of the body compared with the control group[17], and

These contradictory consequences are
symptomatic of a multi-factorial procedure in the
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growth of DM in β-TM. It is probable that a raised
iron level and ferritin lead to toxicity with iron in the
liver and pancreas and insulin dysregulation
because of hepatic and pancreatic dysfunction,
which is more possible the reason for reduced
glucose metabolism. In preceding investigations,
abnormal glucose metabolism was described along
with reduced insulin secretion and insulin opposition
in hemochromatosis and β-Thalassemia cases
experiencing chelation treatment[23,24].

children, they found that Serum ferritin level was
detected to be raised in all the patients of βthalassemia major with a range from 1050 to 5029
µg/l with a mean value of 3879µg/l. The cases are
aging at diagnosis time ranging from 4 months to 16
months with a mean of 10 months. The period
among periodic blood transfusions changed amid
one weak to four weeks in various cases[29].
In this study, the liver function test showed that
the SGPT in the patients and control was matched
without significant difference, while the SGOT show
a slightly significant increase in patients more than
the control [p <0.05]. There was no significant
correlation between liver enzymes and either serum
iron or serum ferritin [P > 0.05]. In accordance with
our results, Salama et al. study the Liver Enzymes
in Children with β-Thalassemia Major: Relationship
with Iron Excess and Viral Hepatitis. The
investigation involved 80 cases with β-thalassemia
major; the ages ranging from 4-18 years, they
concluded that the mean level of ALT and GGT in
cases with high ferritin level [> 320g/l] are high
significantly in comparison with those with the level
of ferritin [<320g/l], [p=0.04 and 0.05
respectively][30].

Iron excess is suggested as the possible way for
these results that may lead to opposition by itself or
its correlated hepatic dysfunction[25].
It was proposed that numerous ways such as
insulin shortage, insulin opposition, hepatic
dysfunction, genetic features, and auto-immunity in
the deficiency of anti-islet cell anti-bodies might
exchange iron-induced abnormal glucose
metabolism [26].
But it must be observed that insulin secretion
and insulin sensitivity are commonly correlated. βThalassemia major cases have a mixture of disease
spectrum with insulin opposition [produced by a
mixture of oxidative stress to vascular endothelia
and liver harm] and β-cell dysfunction [produced
directly by iron-toxicity to the islet cells]. These
variations drive insulin secretion in a reverse way;
thus, it is not shocking that fasting insulin level is
ordinary[27].

In our results, the correlation between serum
iron and serum ferritin in relation to age, age of
onset, frequency of transfusion/year, and the dose
of iron cheating agent/day indicated significant
positive association existed among both serum iron
in relation to the frequency of transfusion/year and
the dose of iron-chelating agent/day, and negative
correlation between serum ferritin and both to the
frequency of transfusion/year and the dose of ironchelating agent/day. While the age, age of onset,
and duration of the disease show insignificant
relation with both serum iron and ferritin.

Issues like as a family history of DM and
hepatitis C are proposed risks for the growth of DM
in these cases, we excepted patients with similar
conditions, and so we may assume that the
detected outcomes are frequently linked to iron
excess. But, by means of multivariate reversion
analyses, we concluded that no factor that may
expect anomalous OGTT consequences and
detected that only ALT might expect DM[28].

In agreement with our study, Fathi et al.[31],
study the effect of treatment with deferoxamine on
the serum iron and ferritin; they found a significant
positive correlation existing among both serum iron
in relation to the frequency of transfusion/year and
a dose of iron-chelating agent/day, and negative
association among serum ferritin and both to the
frequency of transfusion/year and the dose of ironchelating agent/day[31]. Davis et al. in a work
presented that administration of 24-hour intra-

In our results, the mean serum iron in patients
was 262.1±75.48, while in control was 36.15±
15.16, the serum ferritin in patients was 2626.79±
690.17, while in control was 25.93±18.24, there
was a highly significant increase in serum iron and
serum ferritin in patients more than the control. In
agreement with our study, Koreti et al. study the
Serum ferritin levels in β-Thalassemia, major
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venous deferoxamine with a suitable dose via the
catheter guides to progressing serum ferritin
disorder and significantly decreases half the
primary values. Wali et al. presented that one-year
afterward usage of high-dose intravenous
Deferoxamine [200-240 mg per kg per day] with
subcutaneous infusion through 3- days [every 10
hours], the serum ferritin, and urinary defecation of
iron [as a marker of iron excess] were significantly
reduced[32].

Wintrobe’s clinical hematology, Lippincott Williams
& Wilkins. Philadelphia, PA. 2013; doi: 10.1148/
radiol.14144027.
6-McCance KL, Huether SE. Pathophysiology: The
Biologic Basis for Disease in Adults and Children,
St. Louis, Mo. 2014; 28 [48]; 30 doi:10.7748/
ns.28.48.30.s36
7- Barton J C, Edwards CQ, Phatak PD, Britton RS,
Bacon BR. Handbook of iron overload disorders.
Cambridge University Press. 2010; 28 -33.doi. 10.
1017/cbo9780511777035.005

In conclusion, the children with β-TM have a
high glycemic disorders incidence, maybe because
of insulin resistance secondary to excess in iron
load. Deferiprone containing chelation treatment
might have protecting consequence. It is
recommended to follow up the β-thalassemia Major
patients clinically and laboratory, especially the liver
function test, serum insulin, and glucose level. The
level of serum iron and ferritin must be evaluated
regularly for the β-thalassemia patients. It was
recommended to study the relation between serum
insulin, glucose, and liver function in β-thalassemia
Major on a large number of cases and for a longer
period of follow up
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