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Abstract

Thalassemia is a term that refers to a group of genetic disorders characterized
by a defect in the synthesis of hemoglobin. It is sometimes called Mediterranean
anemia. Many biochemical changes in the blood accompany this disease. In this
research, some biochemical parameters were measured in thalassemic patients and
compared with healthy control group. These parameters include Serum iron, TIBC,
were measured Spectrophotometrically. Serum ferritin, lisulin, GH, Testosterone, T3,
T4, TSH, Cortisol, & Prolactine were measured by ELISA technique.

The results have revealed a moderate state of iron overload in the thalassemia
patients. Furthermore, there is a decrease in the level of serum cortisol, T4, prolactine
and pancreatic beta cell function percentage (HOMA%B) in thalassemic while serum
TSH level is higher in thalassemic patients in comparing with control group. The
changes in the hormone levels in addition to serum insulin, insulin/glucose ratio, and
HOMA%B are correlated well with the degree of iron store in the body, concluded
mainly from high ferritin level.Insulin resistance parameters showed a significant
negative relation with Insulin sensitivity index. There are significant increases in
PCV, Hb, T3, and testosterone in male patients in comparing with female thalassemic
patients.

From the results of the present study, it can be concluded that iron overload state
affects some endocrine glands secretions and there is a difference in the effects
between male and females in prepubertal thalassemic patients. Therefore, it is
important to estimate the endocrine function activity of thalassemia patients and treat
the disorders if present as soon as possible.

Introduction

Thalassemia is a term that refers to a group of genetic disorders characterized
by insufficient production of hemoglobin, wherein there is a defect in the synthesis of
hemoglobin. It is sometimes called Mediterranean anemia. To understand how
thalassemia affects the human body, it must first understand a little about how blood
is made. If the body doesn't produce enough of alpha and a beta chains of globin, the
red blood cells do not form properly and cannot carry sufficient oxygen. The result is
anemia that begins in early childhood and lasts throughout life. Genes involved are
those that control the production of alpha and beta globins contained in hemoglobin *.
The two main types of thalassemia, alpha and beta, are named for the two protein
chains that make up normal hemoglobin?

Thalassemia Major or Cooley's Anemia: Thalassemia major,is also called
Mediterranean anemia or Cooley’s anemia, named after the doctor who first described
it in 1925, is the most severe form in which the defective gene is inherited from both
parents®.  Clinical presentation of Thalassemia major occurs between 6 and 24
months. Affected infants fail to thrive and become progressively pale. Feeding
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problems, diarrhea, irritability, recurrent bouts of fever, and progressive enlargement
of the abdomen caused by spleen and liver enlargement may occur. 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). If a regular transfusion program that maintains a
minimum Hb concentration of 9.5 to 10.5 g/dL IS initiated, growth and development
tend to be normal up to 10 to 12 years “.Patients with thalassemia major require
lifelong transfusion therapy to survive, leading to toxic iron overload in the endocrine
glands and heart. The pituitary gland is one of the most vulnerable targets, leading to
irreversible hypogonadotropic hypogonadism in approximately half of patients.
Improvements in magnetic resonance imaging (MRI) technology and understanding
have allowed earlier recognition of preclinical iron deposition in the heart, pancreas,
and liver; prior work also supports a similar role for the pituitary®. Transfused patients
may develop complications related to iron overload. Complications of iron overload
in children include growth retardation and failure or delay of sexual maturation. Later
iron overloadrelated complications include involvement of the heart (dilated
myocardiopathy or rarely arrythmias), liver(fibrosis and cirrhosis), and endocrine
glands(diabetes mellitus, hypogonadism and insufficiency of the parathyroid, thyroid,
pituitary, and, less commonly, adrenal glands) °.

Iron Metabolism: Because there is no known regulated mechanism for iron
excretion, and the amount of iron entering the body each day represents less than
0.1% of the total body iron endowment, most circulating iron must be derived from
the recycling of iron within the system’.

An attractive hypothesis proposed for central macrophages is that ferritin,
synthesized by macrophages, secreted via exocytosis, and subsequently taken up by
erythroblasts which could be a source of iron for heme synthesis® .It is not known
whether central macrophages might release iron too by the ferroportin-dependent
exporting pathway .therefore further studies are needed to clarify this matter.

The second pathway is the cycling of iron from hepatocytes to the blood and
viceversa, which is the third is iron absorption through duodenal and upper jejunum
that balances the 1-2 mg daily iron loss occurring through cellular exfoliation.

e Iron Absorption: Currently, there are two prevailing hypotheses explaining the
mechanisms of this process; first, heme is taken up by receptor mediated
endocytosis; secondly, the recent discovery of a heme transporter(PCFT/HCP1)
may have the capability of transferrin heme from the small intestinal lumen
directly into the cytoplasm®. One important criticism of the receptor mediated
endocytosis hypothesis is that it assumes iron released from heme is transported
out of the internalised vesicles in order to join the labile iron pool.

e Cells Regulating Body Iron Homeostasis: In addition to enterocytes,there are
other cell lines, namely macrophages, hepatocytes in adults and placental cells
during fetal life, have core functions within iron metabolism, that is to acquire
iron from different sources (senescent erythrocytes and holotransferrin) and to
deliver it to the rest of the body according to its needs. To do this important
function these cells have a specialised mechanism for exporting iron to plasma,
that is the iron exporter ferroportin '°. Iron Storage: Following phagocytosis of
old and damaged erythrocytes, tissue macrophages, particularly in the spleen, lyse
cells and catabolyse hemoglobin presumably by heme oxygenase, to liberate iron.
Some iron remains stored in macrophages, although some is exported to plasma
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transferrin. Ferroportin is critical for macrophage iron export and can be
regulated to change the ratio between stored and released iron'®. Hepatocytes
represent the main depot for iron storage in normal conditions and in non-
transfusional iron overload. Although the transferrin cycle may be involved in
hepatocyte iron acquisition to some extent, non—transferrin-bound iron (NTBI)
uptake pathways become partlcularly important when serum iron levels exceed
transferrin binding capacity ™

Iron Overload: The term haemosiderosis is generally used to indicate the
pathological effect of iron accumulation in any given organ, which mainly occurs in
the form of haemosiderin'®. Haemosiderosis is haemochromatosis caused by
excessive blood transfusions, that is, haemosiderosis is a form of secondary
haemochromatosis™. Haemosiderosis is hemosiderin deposition within cells, while
haemochromatosis is hemosiderin within cells and interstitial spaces®®. Organs
commonly are affected by haemochromatosis which they are the liver;heart ;and
endocrine glands*?. There are several methods available for diagnosing and
monitoring hemosiderosis including: serum ferritin, liver biopsy, and MRI. Serum
ferritin is a low cost, readily available, and minimally invasive method for assessing
body iron stores. However, the major problem with using it as an indicator of
hemosiderosis is that it can be elevated in a range of other medical conditions
unrelated to iron levels including infection, inflammation, fever, liver disease, renal
disease and cancer'®. Low plasma hepcidin leads to high ferroportin levels, which
allow increased iron uptake, hepatic iron overload, and low levels of iron stored in
macrophages *"*

Under conditions of secondary iron overload due to chronic transfusion therapy(eg,

in major thalassaemia, aplastic anaemia, etc), plasma hepcidin levels are elevated,
resulting in degradation of ferroportin %,
Assessment of Iron Overload: The concentration and total amounts of iron in
different tissues are critical parameters that determine clinical outcome in all forms of
systemic iron overload, independent of whether the iron overload is caused by
upregulated intestinal iron absorption(ie, hereditary haemochromatosis, thalassaemia
intermedia, or iron-loading anaemia) or by blood transfusion (ie, thalassaemia major,
sickle cell disease, aplastic or refractory anaemia, or myelodysplastic syndrome) 2°
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Figure (1): Iron overload state. (Biasiotto G, etal . 2003)
e Diagnosis of Systemic Iron-Overload Disorders:

The signs and symptoms of iron overload are insensitive and nonspecific.
Thus, early diagnosis of iron overload requires to consider possibility when the
physician is faced with such common findings as chronic fatigue, joint pain,
impotence, osteoporosis, and diabetes. Scoring systems to identify patients at greatest
risk for undetected systemic iron overload in the primary care setting are under
development %*. Screening laboratory tests include measurements of the serum ferritin
level and transferrin saturation. Ferritin levels above 200 ng per milliliter(449 pmol
per liter) in women or 300 ng per milliliter (674 pmol per liter) in men who have no
signs of inflammatory disease and transferrin saturation above 45% in women or 50%
in men warrant additional testing %.

Accumulation of free iron in tissues characteristically occurs over decades in
patients with hereditary disorders of iron metabolism, but it may take place within a
few years in transfusion-dependent patients. The diagnosis of iron overload requires
sequential steps. Clinical evaluation, biochemical testing, assessment of total body
iron, and molecular tests concur to reach the correct diagnosis. Several comprehensive
diagnosis and therapeutic algorithms have been recently proposed™®.

Materials and Methods:-
1-Patients:-

Only 60 patients (30 male and 30 female) were completed all biochemical
analysis tests. Their ages ranged between 3-11 years old. Oral consent for the patients
and control subjects were obtained from their parents. These patients were registered
as thalassemic patients in "Thallassemia Center" at "Al-Zahra'a Teaching Hospital" in
Najaf city-Irag. The patients had p-thalassemia major as recorded in their files. Thirty
apparently healthy children were selected as the control group. Their age ranges were
comparable to that of patients. None of these subjects was anemic or has an obvious
systemic disease.
2-Biochemical (measurements):-

Blood were aspirated from individuals in the morning and collected in plain
tube for serum in order to estimate the following parameters.
Hemoglobin electrophoresis shows; Hgb A decreased, Hgb F increased, and Hgh A2
variable.

Serum Iron were estimated using colorimetric method, total Iron Binding
Capacity were estimated using colorimetric method by the following method: An
excess of iron is added to the serum iron to saturate the transferrin. The unbound iron
is precipitated with basic magnesium carbonate. After centrifugation the iron in the
supernatant is determined). Hemoglobin were estimated using colorimetric method.
The Ferritin Quantitative Test , Serum ferritin, lisulin, GH, Testosterone, T3, T4,
TSH, Cortisol, & Prolactine were measured by enzyme-Linked immunosorbent assay
(ELISA)technique. Transferrrin saturation percentage (TISP) was calculated by
dividing serum iron concentration by TIBC?.The percentage of transferrin saturation
was calculated from the serum iron and transferrin concentrations, using the formula:
serum iron (umol/L)/transferrin (g/L) x 3.98. The formula is based on the maximal

URL: http://www.uokufa.edu.ig/journals/index.php/ajb/index
Email: biomgzn.sci@uokufa.edu.iq



http://www.uokufa.edu.iq/journals/index.php/ajb/index

ISSN: 2073-8854
Magazin of Al-Kufa University for Biology /VOL.5/NO.2/year : 2013

binding of 2 mol Fe**/mol of transferrin and a molecular weight of 79,570 for
transferrin 2. From this formula

S.Iron(umol /L)
Transferrin.saturation% * 3.98

Biostatistical analysis:- The results were expressed the distribution types of
the variables results were examined using Kolmogorov-Smirnov test. The results of
the analysis divided the variables into two types according to the statistical
distribution; the normally distributed variables and nonparametric variables.

For the variables that is normally distributed, the results were expressed as
(meanzstandard deviation). Pooled t-test has been used for the comparison between
the control groups and among subdivided groups in the measured parameters.
Pearson's correlation coefficients (r) were or used calculated to estimate the
correlation between parameters.For nonparametric variables, that are not normally
distributed, the results have been expressed as medians, in addition to
(meanzstandard deviation). Mann-Whitney U test was used for the comparison
between the patients and control groups and among subdivided groups in the
measured parameters. Spearman's correlation coefficients (p, rho) were calculated to
estimate the correlation between parameters. The difference between groups is
considered as statistically different when p<0.05). All statistical analysis were
performed using SPSS Statistics version19.0.1 Multilingual program (2010), IBM-
USA.

Transferrin(g/L) =

Results and Discussion:-
1 -Comparison Between Thalassemic Patients and Controls:-
1-1 Iron Status Parameters:-

The results in Table -1 showed an expected decrease (p<0.05) in hemoglobin
concentration and PCV in thalassemic patients as compared with control group. These
results are expected in thalassemia which is a variant of hemolytic anemia and
hemoglobin and PCV decreases. These results in Table-1 showed a significantly high
concentration of ferritin in thalassemic patients in comparing with control group.
showed a significant increase (p<0.05) in serum iron concentration in thalassemic
patients as compared with control group. These results indicated iron overload in
those patients due to frequent transfusion and rapid hemolysis. found to be higher than
control group (p<0.05). TS% in thalassemic patients is (36.49+14.08%) while in
control group was (19.20+9.04%).

Table -1: Level of the measured parameters in thalassemic patients in
comparison with control groupexpressed as meanzstandard deviation.
(Median in brackets).

Parameters Thalassemia Control Group || Significance
Group (n=30) p-Value
(n=60)
[Hb (g/dL) || 7.88+1.30 ||  13.07+1.76 || <0.0001 |
[PCV % || 2465+3.88 || 40.20+5.288 || <0.0001 |
Ferritin ® 510.98+251.65 177.971+£162.17
(pmol/L) (588.32) (130.21) <0.0001
EIBS® (mmol) 73.07+35.99 25.449+24.48
(84.13) (18.6205) <0.0001
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[S.1ron (umol/L) ||  24.68+8.09 || 11584535 |[ <0.0001 |
[TIBC (umol/L) ||  69.44+14.76 || 61.00£#11.45 || <0.0001 |
[TS % ||  36.49+14.08 || 19.20#9.04 || <0.0001 |
[ Transferrin (g/L) || 0176x0035 || 0.15:003 || 0001 |
[uiBC (umol/L) ||  4550+16.22 || 49.42+11.15 || N.S. |

(%):Using Mann-Witney test for nonparametric variables. While other p-values due to
t-test.N.S.=p>0.05.

Some hematological and biochemical characteristics of our thalassemia patients
are listed in Table-1 and compared with those of healthy controls. Iron indices, with the
exception of TIBC and transferrin protein concentration, were markedly increased, and the
mean concentration of serum ferritin was more than seven times higher than normal (Table-
1). In states of iron overload or excess, the iron composition of ferritin increases *#° and
this may be the most important cause for the elevation of serum ferritin. Unstable
hemoglobin variants represent a rare etiology of congenital hemolytic anemia present
particularly those with beta-thalassemia trait *".These finding are in accordance with the
results of other studies 2% found significant decrease in PCV% and Hb level in value in
thalassemia patients in comparing with controls. These results indicate iron overload in the
patients group due to the fact that serum ferritin is used as a marker for iron overload
disorders, such as hemochromatosis and hemosiderosis i.e., abnormally raised ferritin
levels may reflect iron overload ®. Since ferritin is also an acute-phase reactant, it is often
elevated in the infection and inflammation ! *2. Since the thalassemic patients group under
study have no obvious inflammatory diseases or infection, the increase in serum ferritin
indicates iron overload that due to the frequent transfusions to the patients. Furthermore,
ferritin can be elevated during periods of acute malnourishment®that may be accompanied
with the anemia of thalassemic patients. Plasma ferritin is considered the best single
indicator of total body iron 3. Patients with thalassemia major have inevitably suffered
from complications of the disease, due to iron overload. The major causes of death in
thalassemia patients are congestive heart failure and fatal cardiac tachyarrhythmia leading
to sudden cardiac death. The free radical-mediated pathway is the principal mechanism of
iron toxicity. The consequent series of events caused by iron overload lead to catastrophic
cardiac effects **.Estimated iron body store (EIBS) was calculated for patients and control
group from serum ferritin level. The results in (Table-1) indicated a significant higher iron
store in thalassemia patients bodies in comparise with control group. Since 1979, chronic
therapy with subcutaneous deferoxamine has had a dramatic impact on survival in secondary
iron overload from pB-thalassemia ***® .Patients with thalassemia major accumulate body
iron over time as a consequence of continuous RBCs transfusions which cause hepatic,
endocrine, and cardiac complications 3. These results are further confirmed the
accumulation of high amount of iron in the tissues leading to all subsequent complications
of iron overload state. Iron overload and subsequent tissue iron deposition can be seen in
some disorders such as idiopathic hemochromatosis ** and transfusion-related siderosis *.
Thalassemia major is a prototypical secondary iron overload state associated with
ineffective erythropoiesis and shortened RBCs survival *°. Although there is considerable
variation in severity of the disorder, most patients who are homozygous for the disorder
become dependent on transfusions. Large amounts of iron from transfused erythrocytes,
hemolyzed red blood cells and dietary iron, which is hyperabsorbed, accumulate and are
incorporated in the heart as ferritin or hemosiderin. Prior to the use of iron chelation
therapy with deferoxamine, the cardiac manifestations of iron overload usually led to death
by the end of the second decade of life *° .Iron released from heme and ferritin favors
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different processes of oxidation including LDL-C oxidation ** .The general effect of
catalytic iron is to convert poorly reactive free radicals such as H,O, into highly reactive
ones, such as the hydroxyl radical. In vitro addition of oxygen-derived free radical
scavengers or antioxidants can reverse defective endothelium-dependent relaxation “**3
.Thalassemic patients in the present study suffering from iron overload and they are
vulnerable to the complications of this state. Excess iron tends to deposit in the hepatic
parenchyma, in endocrine organs, and in cardiac myocytes, causing end organ damage by
ROS-mediated lipid peroxidation** **. (Figure -2).

Repeated transfusions resulting in
increased circulating iron

( Increased saturation of transfersin ]

[ Incrensed NTEI and LI ]

’ (NTBIand LT entor tissues and form ROS causing
lipid peraxidation and end organ damuage

(Figure -2): Mechanism of end organ damage in iron overload.

In patients with S-thalassemia major (TM), long-term transfusion causes iron
overload that results in cardiac damage, liver fibrosis, gonadal dysfunction, and
growth retardation. Cardiac iron overload still remains the main cause of mortality in
TM despite chelation therapy *  “®.Serum iron levels increase with hemolytic
anemias, especially thalassemia, while decreased serum iron levels are associated with
iron deficiency anemia. Transferrin increases in iron deficiency anemia and decreases
in microcytic anemias caused by chronic disease. Transferrin saturation levels
increase in aplastic anemia and thalassemia. Decreased transferrin saturation levels
are associated with iron deficiency anemias. Elevated TIBC levels are found in iron
deficiency anemia. Decreased TIBC levels are seen with hemolytic anemia,
pernicious anemia, sickle cell anemia and thalassemia *'.

In one study, the TIBC level decreased significantly in the beta thalassema grou
compared with those in the other control group and even other types of thalassemia “°.
Furthermore, they found that serum iron and TIBC are better indices for monitoring
iron loading in children with thalassema in comparing with transferrin level. They
used the increasing in serum iron level and decreased TIBC level in the diagnosis of
beta thalassema in children with anemia .

Transferrin saturation values in excess of 60 percent may be indicative of
hemochromatosis or iron overload (WHO 2001). This high percentage in thalassemia
patients indicated iron overload state that due mainly to the frequent blood
transfusion to correct the deficiency in Hb% and PCV level in those patients ** TS%
can be elevated by increased iron stores and a variety of other conditions *. Elevated
transferrin saturation reflects increased iron stores®®. These results confirmed by the
increase in serum ferritin level in thalassemic patients in comparing with control
group as noticed in (Table-1). In one study, patients with elevated TS% had a
concurrently elevated serum ferritin level *°. The same results obtained in the present
study. Transferrin concentration in thalassemic patients is lower (p<0.05) than the
control group (0.15+0.03, 0.176+0.035¢/l), respectively. Transferrin levels are
typically elevated at times of iron depletion (low ferritin stimulates the release of
transferrin from the liver) and vice versa > When iron level increase, as in
thalassemia patients, some iron will not bind to transferrin and bound with other
blood components leading to formation of plasma non-transferrin bound iron (NTBI)
which is potentially toxic and contributes to the generation of reactive oxygen species
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(ROS), consequently leading to tissue damage and organ dysfunction °2. Non-

transferrin bound iron (NTBI) is detectable in plasma of beta-thalassemia patients
and participates in free-radical formation and oxidative tissue damage. Iron overload
is responsible for the most damaging effects of the thalassemias, making iron
chelation a focal point of the management of these diseases. In addition, as iron
accumulates in the organs, dysfunction of the liver, endocrine glands, and heart
become the main factors in limiting the survival of patients with p-thalassemia >,

1-2-Hormones:-

The results in Table -2 tabulated the hormones level in thalassemic and control
groups in addition to p-values of the comparison between both groups. From the table,
it can be seen that there is a significant decrease (p<0.05) in serum cortisol, T4, and
prolactine in thalassemic groups in comparing with healthy control. While serum TSH
level is higher (p<0.05) in thalassemic patients as compared with healthy control

group.
Table -2: Hormones level in thalassemic and control groups.
(Median in brackets)

Parameters Thalassemia Control Significance
Group Group p-Value
(n=60) (n=30)
GH? (ng/ml) 7.15+7.95 6.37+7.93 NS
(3.88) (3.10) "
Testosterone ®(ng/ml) 0.91+2.67 1.22+0.66 NS
(0.23) (0.98) >
T3? (ng/ml) 0.85+0.75 1.06+0.76 NS
(1.074) (0.79) >
[T4 (ng/ml) | 6.1242.79 || 7.73x181 || 0.001
[ TSH (ng/ml) I 5.48+1.86 || 436+136 || 0.002
Cortisol ® (ng/dl) 4.58+5.11 8.7316.98 0.006
(2.90) (6.55) !
PRL? (ng/ml) 5.27+4.04 3.95+2.13 0.044
(3.94) (4.06) '

These results may refer to the decline in the function of thyroid gland and

subsequent increase in the secretion of TSH from pituitary gland to compensate that
reduction in thalassemic patients group. Furthermore, these results indicated
involvement of adrenal cortex and prolactine secreting cells in the pituitary gland.

The significant decline in thyroid hormones was in keeping with published
results from other studies®**>. The mechanism for thyroid dysfunction can be either
primary thyroid damage from iron infiltration or secondary to pituitary dysfunction
because of haemosiderosis of thyrotroph cells. As in diabetes, the strongest predictor
for development of hypothyroidism has been shown to be duration of transfusion
therapy®* >°.

Endocrine abnormalities occur in most types of thalassemia but with greater
frequency in TM. Iron toxicity may also indirectly affect heart function by damaging
other organs in varying degrees. The endocrine abnormalities hypothyroidism and
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diabetes mellitus can have a significant impact on cardiac function *°. In one study,
frequent blood transfusions can lead to iron overload which may result in several
endocrine complications, short stature was seen in 36.0% of TM patients. In our
cohort, 12 patients had delayed puberty (male 70.0% and female 33.3%). Prevalence
of osteoporosis was 36.0%. Hypogonadism was noted in 40.0% of males and 46.7%
of females, 53.4% of the female population had menstrual abnormalities with
prevalence of primary and secondary endocrinopathies was much lower. 8.0% had
diabetes mellitus and only one patient had hypocortisolism. Iron chelation appeared
insufficient in our study population. The high frequency of endocrine complications
noted in our study supports the rationale for regular follow up of transfusion
dependent thalassaemic 5patients to ensure early detection and timely treatment of
associated complications®”.

The change in cortisol level between thalassemic and control group revealed a
unique results about the involvement of adrenal cortex. However, stimulating tests in
addition to large scale study are necessary to confirm this involvement. In one study,
it is noticed that no evidence of adrenocortical hypofunction. The morning
cortisol/ACTH levels were all within the reference interval®®®°. Adrenal function is
routinely determined by measuring serum total cortisol, which may not adequately
reflect the biologically active free cortisol. In healthy individuals, 90% of measured
serum total cortisol is bound to cortisol binding globulin (CBG) with small fractions
of albumin-bound and active free forms ®: The serum glucose concentration was
insignificantly higher in the patients than in the controls (P>0.05). Pancreatic beta-
cells function may be impaired during adolescence or later on. Its impairment ranges
from hyperinsulinemia, secondary to insulin resistance, with normal glucose tolerance
to beta-cells failure with insulin-dependent diabetes mellitus. Primary hypothyroidism
may affect thalassemic patients from the second decade of life. They concluded that,
despite the improvement of the treatment, the involvement of the endocrine system
still burdens the life of these patients. Further therapeutic improvement would
reasonably reduce morbidity and, hopefully, mortality of thalassemic patients and
make the endocrine disorders easier to treat®. There was no significant difference
between the serum insulin level of cases and controls. Other insulin resistance indices
were significantly higher in cases compared to controls.

The results indicated that the most significant positive correlations were present
inserum TSH with Iron, ferritin, and EIBC. While T4 hormone was correlated with
ferritin and EIBS only. The other results showed different patterns of correlations
between hormones and iron parameters but statistically they were not significant
(p>0.05). These fact may not completely excluded the correlations because the
number of patients were relatively low and they all under treatment in the medical
centers under expert staff. However, these results grossely indicated that the most
sensitive gland to the iron overload state, indicated mainly by ferritin, is the thyroid
gland. This is comparable to another cohort study which reported low prevalence of
hypothyroidism of 4.0% in beta-thalassaemia, although 26.9% of their patients with
normal thyroid function showed an exaggerated TSH response to TRH test®.
However, in a recent survey, a high prevalence of primary overt hypothyroidism was
present in 16% of beta-thalassaemic patients®®. The disorder is mostly due to iron
deposition in the thyroids. However, the thyroid pituitary axis seems to be less
sensitive to iron deposition damage than gonadal and GH axis. Hence, secondary
hypothyroidism is rare in thalassaemic patients, which was not observed in our series,
as also in other reports®*®*. In studies with low prevalence of overt hypothyroidism,
mild thyroid dysfunctions were more common as reported in 12.5% of patients®.
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Thyroid dysfunction has been reported in 9% to 60% of patients with
thalassemia, 19,20 but its severity is variable in different series. ®. Hypothyroidism
was found in 11.8% of our patients. A high prevalence of endocrine abnormalities in
beta thalassemia major patients is reported by several authors®®®’.Some studies have
reported a relationship between the level of ferritin and the development of
endocrinopathies ®.Our data suggests that increasing serum ferritin levels show
increased incidence of some endocrinopathies.

Diabetes mellitus was observed in 8 (26.7%) patients, of whom 6 patients (5
male, 1 female) had severe hyperglycaemia and were treated by insulin. Among the
mechanisms involved for precipitating diabetes mellitus, iron overload in the
pancreatic beta-cells leading to pancreatic dysfunction is the most likely one®.

Studies had reported prevalence of diabetes mellitus in beta-thalassaemic
patients to range up to 24%"°. Diabetes appears to be unusual in beta-thalassaemics of
less than 16 years old™. In our thalassaemics, a state of hypocortisolism was not noted
and there was no clinical suspicion for the involvement of ACTH or adrenal gland.
Reports have indicated that iron deposition may occur in the adrenals particularly in
the zona glomeruloza and only when this is severe, it will interfere with its function’.
Finally, in the thalassaemic patients reviewed, no relationship between serum ferritin
level and development of endocrinopathy was observed. There was no significant
difference in mean ferritin in thalassaemic patients with or without endocrinopathy, as
well as in patients without or with one or more endocrinopathy There is contradiction
between the different studies, with some revealing a positive relationship™® ™. While
others did not®® .

Among cases the mean T3 was comparable to that of controls. The mean T4 of
cases was significantly lower (p<0.001) than that of controls. The mean TSH level
was significantly higher (p<0.01) in cases as compared to controls. Among
thalassemia cases 70% were euthyroid, 18% were compensated hypothyroid, 12%
were uncompensated hypothyroid and none was overt hypothyroid or hyperthyroid.
After 1 year we found no significant change in their proportions (REF). As
pharmacological treatment for hypothyroidism is readily available, it is important to
monitor thyroid function in these patients and institute prompt therapy when
indicated.The basal growth hormone level in the present study was not significantly
different between thalassemic and control group and not correlated with any
parameter of iron state (Tables-2&3). In other studies growth failure was a commonly
observed phenomenon with one-third had significant growth impairment with height
below 3rd percentile of predicted. Patients with TM often experience profound growth
retardation partly reflecting both the diversion of caloric resources to erythropoiesis
and the effects of anaemia (as chronic transfusion support frequently improves
childhood growth rates > ”*. However, unless intensive chelation therapy is instituted
early in life, the adolescent growth spurt is often delayed, even in children who are
hypertransfused™>°. GH therapy has been used in some centres internationally at the
discretion of individual clinicians”.

In comparing with previous study ", carried out in the same city, Najaf, GH in
that study thalassemic is lower in thalassemia patients as compared to healthy subjects
while in the present study there is no significant difference between the two groups. In
that study, most of the thalassemia patients were significantly shorter than the healthy
subjects in our study. The insignificant difference in the current study in GH do not
necesseraly reflects the normal growth or normal stature due to the low number of
patients included in the study and the inclusion of females in the present study while
the previous study included only males. These results indicating the need for vigilant
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monitoring of patients with thalassemia in order to treat endocrine dysfunction at an
appropriate age’®. The prevalence of endocrine complications shows a difference
between centers, particularly for GH deficiency’’. Reduced GH secretion in
thalassemia patients are related to a neurosecretory dysfunction as a result of iron

overload rather than to liver damage ™.
1-3- Insulin Resistance Parameters:-
The percentage of beta cell function (HOMA%B) measured using HOMA
calculator was the only parameter of insulin resistance state parameters that showed a
significant difference (p=0.037) between thalassemic and control group (Table-3).

Table -3: Insulin Resistance parameters in Thalassemic and Control Groups.

(Median in brackets)

Parameters Thalassemia Control Group || Significance

Group (n=30) p-Value
(n=60)

Insulin®  (uIU/ml) 10.78+11.88 9.67+9.21 NS
(5.52) (5.86) T

Glucose  (mmol/l) 6.07+1.82 5.65+1.13 N.S.

Ins/Glu® 1.88+2.19 1.71+£1.62 NS
(1.02) (0.94) T

HOMAZ2IR? 1.36+1.30 1.27+£1.20 NS
(0.81) (0.80) T

HOMA%B ? 124.10+67.87 131.48+73.06 0.037
(70.80) (66.65) '

HOMA%S 86.45+58.89 84.09+54.13 N.S.

The serum glucose concentration was insignificantly higher in the patients than
in the controls (P>0.05). Pancreatic beta-cells function may be impaired during
adolescence or later on. Its impairment ranges from hyperinsulinemia, secondary to
insulin resistance, with normal glucose tolerance to beta-cells failure with insulin-
dependent diabetes mellitus.

Insulin resistance is common in hemoglobinopathy including thalassemias.
Excessive iron deposition in the liver is associated with a high prevalence of glucose
intolerance in patients with hemoglobinopathy requiring repeated blood transfusion &

In one study, normal glucose-tolerant individuals with thalassemia minor had
higher fasting insulin concentrations and lower HDL cholesterol than control subjects.
Thalassemia minor subjects were more insulin resistant, according to HOMAZ2IR and
HOMAZ2IR values correlated with and alanine aminotransferase in subjects with
thalassemia minor only. Individuals with thalassemia minor had insulin resistance,.
Normal glucose tolerance was maintained in these individuals by hypersecretion of
insulin. The fasting hyperinsulinemia and exaggerated insulin response during the
OGTT imply that both the liver and muscle are resistant to insulin action. The strong
correlation between hepatic enzymes and HOMAZIR as well as elevated hsCRP in
subjects with thalassemia suggests that low-grade hepatic inflammation is closely
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correlated with insulin resistance. An increased iron turnover from low-grade
hemolysis of microcytic erythrocytes may lead to hepatic damage and increased
oxidative stress, both of which can contribute to insulin resistance’™.

2- Correlation Between Hormones and Iron Status:-

The results in Table-4 presented the correlation coefficients and p-values for the
relations between every hormone and each parameter of iron status in thalassemic
patients. Endocrine and metabolic abnormalities are quite common in thalassemia
major, attributable, at least in part, to chronic iron overload. Defective insulin
production is a complication that occurs only during the late stages of development of
iron overload.

Table -4: Correlation between hormones and Iron status. Pearson r-values for
patients

Parameters GH~* Test* T3* T4 TSH | Cortisol* | PRL*

PCV% R-value | 0.133 | -0.030 | -0.027 | 0.065 | -0.098 | -0.081 | 0.087
P-value | (0.312) | (0.821) | (0.840) | (0.624) | (0.457) | (0.539) | (0.510)

Hb(g/L)  R-value | 0.133 | -0.030 | -0.027 | 0.065 | -0.098 [ -0.081 [ 0.087
P-value | (0.312) | (0.821) | (0.840) | (0.624) | (0.457) | (0.539) | (0.510)

Iron R-value | -0.106 | -0.211 | -0.048 | -0.076 | 0.254 | -0.175 | 0.148
P-value | (0.419) | (0.105) | (0.717) | (0.566) | (0.050) | (0.182) | (0.260)
TIBC R-value | -0.043 | 0.063 | 0.103 [ 0.097 | 0.082 | -0.069 | 0.060

P-value | (0.745) | (0.632) | (0.435) | (0.459) | (0.533) | (0.600) | (0.649)

Ferritin®*  R-value -0.011 | -0.069 | 0.025 |0.430™| 0.305 | -0.003 | -0.124
P-value | (0.900) | (0.598) | (0.849) | (0.001) | (0.018) | (0.984) | (0.343)

EIBS* R-value | -0.011 | -0.069 | 0.025 |0.4307| 0.305 | -0.003 | -0.124
P-value | (0.931) | (0.598) | (0.849) | (0.001) | (0.018) | (0.984) | (0.343)
UIBC R-value | -0.030 | 0.054 | 0.087 | 0.146 | -0.063 | 0.021 | -0.007
P-value | (0.823) | (0.684) | (0.510) | (0.266) | (0.633) | (0.876) | (0.957)
TS% R-value | -0.022 | -0.155 | -0.081 | -0.132 | 0.162 | -0.147 | 0.122

P-value | (0.869) | (0.241) | (0.544) | (0.319) | (0.221) | (0.267) | (0.359)

Transferrin R-value -0.171 | 0.021 0.133 | 0.059 | -0.009 -0.001 -0.052
P-value (0.194) | (0.872) | (0.314) | (0.657) | (0.946) [ (0.997) | (0.698)

*Correlation is significant at the 0.05 level (2-tailed).

The results indicated that the most significant positive correlations were present
inserum TSH with Iron, ferritin, and EIBC. While T4 hormone was correlated with
ferritin and EIBS only. The other results showed different patterns of correlations
between hormones and iron parameters but statistically they were not significant
(p>0.05). These fact may not completely excluded the correlations because the
number of patients were relatively low and they all under treatment in the medical
centers under expert staff. However, these results grossely indicated that the most
sensitive gland to the iron overload state, indicated mainly by ferritin, is the thyroid
gland.

URL: http://www.uokufa.edu.ig/journals/index.php/ajb/index
Email: biomgzn.sci@uokufa.edu.iq



http://www.uokufa.edu.iq/journals/index.php/ajb/index

ISSN: 2073-8854

Magazin of Al-Kufa University for Biology /VOL.5/NO.2/year : 2013

3-Correlation Between

Parameters:-

Insulin Resistance Parameters and

Ilron Status

The results in Table-5 presented the correlation coefficients and p-values for the
relations between insulin resistance state parameters and each parameter of iron status
in thalassemic patients.

Table -5: Correlation between Pearson r-values for patients between Insulin
Resistance and Iron status.

Parameters _ HOMA2l | HOMA% | HOMA%

Insulin® | Glucose | Ins/Glu R S B

PCV% R-value | -0.137 0.122 | -0.039 0.002 0.037 0.001
P-value | (0.298) [ (0.354) | (0.772) (0.987) (0.781) (0.993)

Hb(g/L) R-value | -0.137 0.122 | -0.039 0.002 0.037 0.001
P-value | (0.298) [ (0.354) | (0.772) (0.987) (0.781) (0.993)

Iron R-value | 0.188 0.162 0.097 0.220 -0.153 0.138
P-value | (0.150) [ (0.217) | (0.465) (0.091) (0.243) (0.294)

TIBC R-value | 0.092 0.189 0.214 0.238 -0.243" 0.219
P-value | (0.483) [ (0.149) | (0.104) (0.067) (0.055) (0.092)

Ferritin* R-value | 0.263 -0.226 | 0.265 0.107 -0.230 0.266
P-value | (0.042) [ (0.083) | (0.042) (0.415) (0.078) (0.041)

EIBS* R-value | 0.263" | -0.226 | 0.265 0.107 -0.230 0.266
P-value | (0.042) [ (0.083) | (0.042) (0.415) (0.078) (0.041)

uliBC R-value | 0.222" 0.081 0.128 0.103 -0.122 0.143
P-value | (0.064) [ (0.539) | (0.336) (0.432) (0.353) (0.277)

TS% R-value | 0.166 0.099 | -0.045 0.044 -0.002 -0.042
P-value | (0.205) [ (0.455) | (0.734) (0.740) (0.989) (0.754)
Transferrin R-value | -0.073 -0.075 | 0.195 0.207 -0.194 0.220
P-value | (0.585) [ (0.570) | (0.140) (0.115) (0.142) (0.094)

The results in Table-5 are very interesting. Insulin resistance parameters showed
a significant negative relation with HOMA%S (r=-0.255, p=0.049). Furthermore,
ferritin and subsequently EIBS, showed a significant correlation with each; insulin
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(r=0.263, p=0.042), insulin/glucose ratio (r=0.265, p=0.042), and HOMA%B
(r=0.266, p=0.041). Up today, numerous reports on iron overload and endocrine
problems, especially diabetes mellitus in thalassemic patients, have been published,
and the reported incidence of impaired glucose tolerance and diabetes mellitus in TM
are 0%-26%"%. In our study 17.9% of patients had abnormal serum glucose: 5.1%
with overt diabetes, 5.1% with suspicions of diabetes, and the remaining with IFG.
Most of the studies suggest that impaired glucose metabolism in the thalassemic
patient is a result of insulin resistance’*®. According to these studies, iron overload
causes insulin resistance directly or through hepatic dysfunction. In our study, 62% of
diabetic and pre-diabetic patients had a positive family history of diabetes, and 50%
had elevated transaminases. An increase in fasting serum glucose and IR index
accompanied with normoinsulinemia suggests some degree of IR and relative
pancreatic failure, because normally the islet cells should produce more insulin to
overcome hyperglycemia. It is likely that an elevated level of iron and ferritin cause
iron toxicity in the liver and pancreas and insulin dysregulation, due to hepatic and
pancreatic dysfunction, which is most likely the cause of impaired glucose
metabolism in our patients. Lipid abnormality has been frequently reported in
thalassemia, but its pathophysiology is not totally clear® %,

4- Comparison Between Male & Female Patients:-

The Comparison of the measured parameters between male and female
thalassemic patients are presented in Table-6. There are significant increases
(p<0.05) in PCV, Hb, T3, and testosterone in male patients in comparing with female
thalassemic patients.

Table -6: Comparison between Male and Female thalassemic patients.
(Median in brackets)

Parameters Male Patients | Female Patients | Significance
(n=30) (n=30) P-value

PCV % 25.90+4.318 23.40+2.978 0.012

Hb (g/L) 8.30+1.44 7.46+0.99 0.012

Iron (umol/L) 23.40+7.03 25.95+8.96 N.S.

Ferritin* (pmol/L) 549.02+208.95 | 472.95+286.69 N.S.

(601.622) (582.395)
EIBS* (mmol) 78.509+29.879 | 67.631+40.996 N.S.
(86.032) (83.282)

TIBC (umol/L) 66.34+13.83 72.53+15.22 N.S.

uiBC (umol/l) 44.41+15.09 46.58+17.45 N.S.

TS % 35.86+12.95 37.10+15.32 N.S.

Transferrin (g/L) 0.17+0.03 0.18+0.04 N.S.

GH? (ng/ml) 7.53+6.36 7.4348.12 N.S.
(3.67) (4.30)

Testosterone ® (ng/ml) 1.36+3.68 0.52+0.45 0.004
(0.64) (0.32)

T3? (ng/ml) 1.09+0.94 0.61+0.36 0.002

T4 (ng/ml) 6.15+2.86 6.08+2.77 N.S.

TSH (ng/ml) 5.04+1.80 5.92+1.83 N.S.
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Cortisol ® (ng/dl) 5.38+5.04 4.77+5.25 N.S.
(2.77) (3.16)

PRL? (ng/ml) 5.53+3.66 5.02+4.44 N.S.
(4.52) (3.76)

Insulin® (LIU/ ml) 13.92+12.65 9.2618.91 N.S.
(6.38) (4.954)

Glucose (mg/dl) 107.23+35.94 111.42+29.64 N.S.

Ins/Glu® 2.61+2.01 1.68 £1.62 N.S.
(1.16) (0.90)

HOMAZ2IR ? 1.40+1.31 1.21+1.17 N.S.
(0.81) (0.62)

HOMA B? % 84.81+55.86 87.37+£60.32 N.S.
(67.40) (72.65)

HOMA S % 136.82+71.58 111.39+62.55 N.S.

(®): Using Mann-Witney test for nonparametric variables. While other p-values due to
t-test.N.S.is p>0.05.

The change in Hb and PCV% can be easly explained by the genetic changes
between male and female; males have higher Hb than females in normal subjects and
the present finding indicating the same profile of change. Storage iron in adult women
has less storage iron, depending on the extent of menses, pregnancies, deliveries,
lactation, and iron intake 3. Total body iron content in normal adults is the result of
the balance between iron losses and iron absorbed from the diet. Increased absorption
of dietary iron, or iron from multiple transfusions will ultimately result in iron
overload. As the body content of iron increases, the saturation of circulating
transferrin with iron increases, resulting in the production of increased amounts of
non-transferrin-bound  iron®*® . Transfusion and iron-chelation therapy have
prolonged and improved the quality of life in patients with this disease. The
improvement is mainly due to the decrease in mortality from heart failure. Such a
treatment, however, leads to chronic iron overload and frequently to endocrine
complications®. Primary and secondary characteristics of sexual development are
usually delayed for both boys and girls®”.Boys frequently do not develop, or have
sparse, facial and body hair and tend to have decreased libido, even if sperm
production does occur. There is increasing evidence that hypogonadism may be
primarily due to iron overload °.

Hormonal replacement is indicated for residual endocrine insufficiency .
Growth hormone therapy has had variable success Hypogonadotropic
hypogonadism impairs fertility but it can be corrected with the use of hormonal
replacement in male patients. A small number of female patients, including those with
thalassemia major or thalassemia intermedia, have been able to become pregnant,
either spontaneously (if they have received adequate chelation therapy) or with
assisted reproductive techniques ® . Pregnancy generally appears safe if baseline
cardiac function is good %,

5-Effect of Number of Transfusion:-

The correlation study between the number of transfusion units with all the
measured parameters is presented in Table-7. The results in general showed a positive
correlation between the number of blood transfusion and iron overload parameters.
These parameters indicating increase in iron store and iron overload that increased
with increasing times of blood transfusion.
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Table -7: Correlation coefficient (r) of the comparisons between transfusion

numbers with every measured parameters.

Iron indices r-Value p-Value
Hb (g/L) -0.068 N.S.
PCV % -0.068 N.S.
Ferritin (pmol/L) 0.411 0.007
EIBS (mmol) 0.411 0.007
Iron (umol/L) 0.373 0.018
TIBC (umol/L) -0.321 0.029
TS % 0.117 N.S.
Transferrin (g/L) -0.245 N.S.
UIBC (umol/L) -0.198 N.S.
GH? (ng/ml) 0.084 N.S.
Testosterone ® (ng/ml) 0.123 N.S.
T3? (ng/ml) -0.334 0.042
T4 (ng/ml) -0.163 N.S.
TSH (ng/ml) -0.133 N.S.
Cortisol ® (pg/dl) -0.353 0.035
PRL® (ng/ml) 0.035 N.S.
Insulin® (UIU/ ml) -0.211 N.S.
Glucose (mg/dl) 0.035 N.S.
Ins/Glu® -0.228 N.S.
HOMAZ2IR® -0.216 N.S.
HOMA B? % -0.256 0.048
HOMA S % 0.184 N.S.

The results in Table-7 showed also a negative correlation between each of the
following parameters; TIBC, serum T3, cortisol, and beta cell function index with the
transfusion times in major thalassemia patients. In thalassemia major, iron overload is
the joint outcome of multiple blood transfusions and an inappropriately increased iron
absorption associated with ineffective erythropoiesis. Erythrocyte transfusion therapy
is associated with iron overload and possible iron-induced organ damage®.

Treatment with transfusion programs and chelating therapy has considerably
prolonged survival in thalassemic patients. However, as a result of hyper transfusion
therapy and increased longevity, iron tissue toxicity has become more common, and
contributes significantly to morbidity in these patients ™ The results in Table-7
showed also a negative correlation between each of the following parameters;TIBC,
serum T3, cortisol, and beta cell function index with the transfusion times in major
thalassemia patients. These resuls are further confirmed the effect of iron overload,
Egzzaused by increase blood transfusion times, on the function of some endocrine glands

Conclusion:- Our study should be qualified for its relatively small sample size (n
=60) and its cross-sectional design. While causality cannot usually be detected in
cross-sectional studies, associations can be examined. Moreover,there is accumulation
of iron in tissues including the endocrine glands causes problems in the normal
functions of the glands concluded from the decrease in the level of serum cortisol, T4,
prolactine and pancreatic beta cell function percentage (HOMA%B) in thalassemic
while serum TSH level is higher in thalassemic patients in comparing with control
group. Insulin resistance parameters showed a significant negative relation with
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Insulin sensitivity index. there are significant increases in PCV%, Hb, T3, and
testosterone in male patients in comparing with female thalassemic patients . These
aspects are of importance and the targets of our future works.
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