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ABSTRACT—

Background: Iron overload due to blood multi transfusion can lead to thyroid dysfunction in beta-thalassemia major
patients with increased cell damage due to imbalance of the redox system .An iron chelation is essential to prevent the
deposition of iron in tissues and glands such as thyroid.

Objectives: to investigate the reflections of blood transfusion induced iron overload and lipid peroxidation on the status
of thyroid functions in Iraqi children and young adults with beta-thalassemia major.

Methods: Blood samples were taken from 60 males & females with Beta thalassemic major (BTM ) with age ranged (3-
32) years. An automated hematology analyzer (Sysmex) was used in the measurements of blood Hb concentration and
red cell indices. malondialdehyde(MDA), serum iron and total iron binding capacity (TIBC) concentration were
determined spectrophotometrically . The triiodotyronine (Ts),Free T, thyroxine (T4,Free T, ,thyroid stimulating hormone
(TSH) and Serum Ferritin concentrations were assayed by an ELISA method .

Results: There were low mean concentration of Hb in BTM and a significant increase in serum ferritin and MDA in
comparison with the normal corresponding values for the control . Hypothyroidism was found in 12 (20%) out of
60 patients with BT major, (12%) were having subclinical hypothyroidism and five (8%) suffer from primary
hypothyroidism with a positive a correlation of serum ferritin concentration with both MDA and number of monthly
transfused blood units.

Conclusion: Transfusion associated iron overload play an effect on lipid peroxidation and the thyroid hormones (T,
T,4) metabolism which leads to a disturbance in thyroid hormones secretion as consequences of thyroid dysfunction.

Keywords— beta-thalassemia, serum ferritin, MDA, hypothyroidism.

1. INTRODUCTION

The thalassemias are heterogeneous group of genetic disorders of hemoglobin synthesis, all of which result from a
reduced rate of the production of one or more of the globin chains of hemoglobin (1- 2).

The B-thalassemias are the most important types of thalassemia because they usually produce severe anemia in their

homozygous states and so common that they occurs widely in areas ranging from the Mediterranean and parts of North
and West Africa through the Middle East and Indian subcontinent to South-East Asia, southern Russia and China (2-3).
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Most individuals who are homozygous or compound heterozygous for beta thalassemia have thalassemia major, a
severe, life threatening anemia that requires regular blood transfusion for survival. Some patients, however, are less
severely affected with a milder non transfusion dependent disorder referred to as thalassemia minor (4-5).

The thyroid gland produces two related hormones, thyroxine (T,4) and tri- iodothyronine (T3). Acting through nuclear
receptors, these hormones play a critical role in cell differentiation during development and help maintain thermogenic
and metabolic homeostasis in adults. Thyroid stimulating hormone (TSH), secreted by the thyrotrope cells of the anterior
pituitary, plays a pivotal role in the control of the thyroid axis and serves as the most useful physiologic marker of
thyroid hormone action (6).

Thyroid dysfunction with variable severity has been reported in 13-60% of patients with thalassemia. Shamshirsaz et
al. (2003) reported that even in the studies in which the prevalence of overt hypothyroidism as a complication of
thalassemia major is relatively low, milder forms of thyroid dysfunction are much more common( 7).Patients with
hypothyroidism have a decrease in red blood cell mass and a normochromic, normocytic hypoproliferative anemia (8).
Free iron is biochemically dangerous because it catalyzes the conversion of hydrogen peroxide into reactive oxygen
species. Thalassemic patients usually need regular blood transfusions and so they are subjected to viral infection as well
as peroxidative tissue injury by the secondary iron overload ( 9).Therefore, desferrioxamine (desferal) is considered the
first- line drug to catch iron from the circulation and protect organs damage (10).So, this study was conducted to reveal
the effects of blood transfusion and iron status on lipid peroxidation and thyroid functions in Iragi children and young
adults with beta-thalassemia .

2. SUBJECTS AND METHODS

This study was carried out in Thalassemia Treatment Center in Ibn Albaladi Hospital in Baghdad. Sixty
patients were diagnosed as p-thalassemia , 35 were males while 25 were females with an age range of 3-32
years. Twenty patients were diagnosed as B -thalassemia minor and another twenty healthy persons with matching
age were chosen as control. Blood specimens have been collected prior to regular blood transfusion and sera were
separated and kept frozen till the analysis day. Patients suffering from additional hemoglobinopathies such as sickle
cell anemia or chronic diseases such as diabetic mellitus, heart or kidney diseases were excluded from this study,
The minimum period between recent and last transfusion is 14 days and the maximum period was 60 days.All of the
studied subjects were distributed into three subgroups according to age(Group A: 3-14 years, Group B: 15-21, Group C:
> 21lyears).

Determination of Red cell indices:
Full blood count and Hb concentration were measured by an automated hematology analyzer (Sysmex, USA).The

principle depends on using fluorescent flow cytometry and cell counting methods to reliably detect abnormal samples
and reduce false positive results (11).

Assessment of the Thyroid functionand iron status:

The thyroid status of thalassemic patients and controls were assessed by measuring the TSH, Ta, FT3, FT, and T,as
well as serum ferritin by using Enzyme-Linked Immunosorbent Assay kit (bioactiva, Germany) . In this assay an enzyme
conjugated with an antibody reacts with a colorless substrate to generate a colored reaction product. The serum ferritin is
also assessing by this technology (12).the serum Reverse Ts (rTs) concentration was calculated from the following
equation (13).

FT4=TT4xrT3
The serum iron concentration and TIBC were measured using the iron colorimetric kit (Randox, France) The intensity

of the colored complex formed was read at 595 nm (Young et al., 2001(14). The percentage of transferrin saturation (TS
%) was calculated from the following equation (15):-

The TS% = S.Iron (mmole/L) / TIBC (mmole/L) x 100

Assessment of Serum Malondialdehyde (MDA).This is based on a principle that in presence of trichloroacetic acid
(TCA) and heat, MDA reacts with thiobarbituric acid (TBA) to produce pink colored end products that absorb light at
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530-540 nm .The intensity of the color measured at 532nm corresponds to the level of lipid peroxidation in the sample
(16).

Statistical analysis

The statistical analysis was performed using the Statistical Package for the Social Sciences version 17 (SPSS Inc,
Chicago, IL, USA). The student’s t-test for continuous variables was used to compare the differences between patient
groups. A p-value of < 0.05 was considered to be statistically significant.

3. RESULTS

Results in table (1) showed low level of Hb in BT major group in addition to highly elevated S.ferritin and MDA
concentration in BT major group in comparison with BT minor and controls. Within BT major group, according to
gender distribution males have significant increase of S.ferritin concentration than females.

Figure (1) showed the Spearman Rank correlation between frequency of blood transfusion and serum ferritin in -
thalassemia major group(r = 0.47, p<0.001).

The results in table (2) show the gender distribution of the means of thyroid hormones concentration in the studied
groups, in BT major group concentration of T4 has low level, concentration of TSH has high level such as in the total BT
patients group in compared with BT minor and control group.

Figure (2) show the Spearman Rank correlation between serum MDA conc. and serum ferritin concentration in f3-
thalassemia major group (r = 0.47, p<0.001).

The results in table (3) show the comparison of the effect of age on the means of thyroid functions in different -
thalassemia major age groups (Group A: 3-14 years, Group B: 15-21, Group C: > 2lyears) Subgroup C show high
increasing in concentration of MDA, TSH, S.ferritin and low concentration of T, in compared to A subgroup, but in
compared to B subgroup has same finding except the T, parameter. Figure (3) revealed the Bar graph of the mean of T,
concentration in BT major group which is lower than the concentration of T,in BT minor and control groups.

Figure (4) revealed the Bar graph of the high concentration mean of TSH in BT major group versus BT minor and
control groups. The results in table (4) Comparison of hypothyroidism in B-thalassemia major age subgroup C (>
21years) with mean of the Serum Ferritin and MDA concentration, (12%) were having subclinical hypothyroidism and
five (8%) suffer from primary hypothyroidism. The primary hypothyroidism patients have higher level of S.ferritin than
the subclinical hypothyroidism patients.

Figure (5) revealed Bar graph of disease and gender distribution. Among BT major patients, 4 male &1 female has
primary hypothyroidism.4 male & 3 female has subclinical hypothyroidism. Furthermore 12% and 8% of thalassemic
patients suffer overt or subclinical hypothyroidism, respectively.

4. DISCUSSION

In beta thalassemia (BT) major, the Hb mean conc. of both of males and females were highly significantly decreased
above the respective gender mean Hb values of the control group (p<0.01) and those of BT minor group (p<0.01).Yet,
statistical analyses revealed no significant difference between male and female Hb mean conc. in BT major group.
Similar findings were recorded by Irshaid and Mansi (17).

Karamifar 2006(18) reported a significant increase(p<0.001) in the mean serum ferritin level in patients with multiple
blood transfusions as compared to values in patients without transfusions .Moreover, he showed an incidence of
hypothyroidism in patients with (22%) and without(21%) blood transfusion .The number of blood units and the amount
of the accumulated iron justify that older BT major patients accumulate an increasing amounts of iron during their life
more than the younger patients. The probable explanation for this observation may be: - First, ferritin is a protein which
reflects the inflammatory status of a subject and it is well known that in thalassemic patients, especially older ones,
HCV-related chronic hepatitis is frequently associated (19). Second, the grade of iron load is determined by visual
evaluation and a standardized definition is difficult because it depends on the thickness of the intracellular iron granules).
As hepatic fibrosis progresses and inflammatory cells decrease the liver gradually loses its capacity to synthesize and
release ferritin, and in the final stage of cirrhosis the ferritin level is generally low (20-21).
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We reported a highly significant increase in the mean MDA concentration in BT major group (p <0.01) as compared
to the mean values of the control group and those of the BT minor group. In line with our findings, Ra’id M. Hannun.
Al-Salih, et al. 2011(22) reported a significant elevation (p < 0.05) in MDA level for BT major group before blood
transfusion as compared those after blood transfusion. Serum ferritin concentration, urea and creatinine ( these two was
checked but the numerical values was not reported) levels in these patients were found to be increased significantly
(p<0.05) when compared to the disease free controls (23).

In 2005, Al-Mudalal (24) and co-researchers reported that red cell superoxide dismutase activity was greatly
increased in homozygous beta-thalassemia, and inversely correlated with severity of anemia with no significant
correlation between SOD activity, Catalase activity and the last time of blood transfusion

The increased MDA level in thalassemic patient confirm this assumption that these radicals play a major role in red
blood cell RBCs destruction and hemolysis in reacting with labile polyunsaturated fatty acid in RBC membrane and
possibly in membranes of other major organs. The extent of lipid peroxidation (LPO) denotes the amount of ROS
generated, which have not been scavenged by the defense mechanism. LPO may not be related to the primary tissue
injury, but may amplify the original injury (25-26).

This is a cross-sectional study of thyroid function tests (T4, T3, free T3 and FT, and thyrotropin, TSH) that was carried
out in 60 transfusion-dependent R-thalassemic patients. The mean serum T, level was significantly lower (p<0.01) in BT
major as compared to the controls and BT minor (p<0.01) mean values. Only the mean of TSH level was significantly
increased in the BT major group, with no significant change in the means of serum reverse Ts, Free T3 and Free T,
concentration in all BT studied groups.

Piringgioglu et al. 2011(27) recorded that all thyroid parameters in BT major groups were in the normal ranges
compared with the controls except three of them which had high TSH levels. Serum ferritin level in these patients was
significantly higher than in controls .This implies that hypothyroidism could be even seen in the first decade of life in
patients with beta-thalassemia major in spite of improved hematological cares.

In this study, the mean serum T, concentration in the BT major age subgroup C (>21 years) was significantly lower
and the mean conc. of TSH of age group C was significantly increased when compared to those of younger age groups.
Hypothyroidism was found in only twelve patients (20%) of the total 60 patients who suffer from p-thalassemia major
and Euthyroidism is found in all BT major groups. All patients were clinically Euthyroid, but some symptoms (for
example lethargy and growth failure) may not have been identified as separate from those of the primary disease none
had goiter.

Primary hypothyroidism occurs in a significant proportion of thalassemia major patients in the absence of obvious
clinical signs of hypothyroidism but normal concentration of T4 (Criteria for the diagnosis of subclinical hypothyroidism
(SH) was an elevated basal TSH concentration (>5 TSH ulU/ml) or an increase of the TSH levels during the test more
than 20 plU/mI from the basal value or additional low levels of FT4 and FT3 respectively (28-29). In this study, of 12
patients with hypothyroidism (20%) seven patients (12%) were having subclinical or compensated hypothyroidism.
Whereas, five of BT major patients (8%) suffer from primary or overt hypothyroidism. Both types of hypothyroidism are
predominant in males with BT major disease. These results were comparable to those reported by other investigators
(30).The incidence was high possibly because of inadequate dosing, poor compliance, or relative poor thyroid protection
from DFO-specific properties. DFO contrary to oral chelators is a large positively charged, lipophobic molecule with low
membrane permeation abilities and thereby low cell iron extraction capacity (31). In the study of De-Sanctis, 1998 (32)
hypothyroidism was detected in 5.7% of patients. The difference in incidence of hypothyroidism noted is probably
related to differences in transfusion. In some retrospective studies the high incidence of the primary hypothyroidism was
shown to decrease over time according to compliance, but in most cases there was a progression from subclinical to overt
hypothyroidism (33).

In the present study the mean serum ferritin level of thalassemic patients with primary thyroid impairment (3721+
29.21 ng/ml) was significantly higher than that of thalassemic patients with normal thyroid function (2395.41 ng/ml,
p<0.05). This result contradicts the finding of other researchers who reported no significant difference in mean serum
ferritin between hypothyroid patients and other researchers (34-35-36).

We also recorded a tendency for serum mean TSH values to increase with increasing age, and there was obvious
tendency for T, values to decreasing with age. But there was no obvious Tj related age change. Hashemi.et al. 2011 (37)
reported higher incidence of subclinical hypothyroidism in patients less than 10 years of age. Malik et al., 2010 (38)
reported a ratio of 2.1% primary hypothyroidism in BT major patients aged 2-17 years (39). Thyroid hormones may also

Asian Online Journals (www.ajouronline.com) 203




Asian Journal of Applied Sciences (ISSN: 2321 — 0893)
Volume 01— Issue 05, December 2013

play a critical role in brain development in infants and in modulating brain metabolic activity in adults as shown by
structural changes related to myelin, studied by brain imaging techniques. Without optimal thyroid function, mood
disturbance, cognitive impairment and other psychiatric symptoms can emerge (40).

5. CONCLUSIONS

This study revealed that hypothyroidism is prevalent in 20 % of patients with beta thalassemia major with a positive
correlation between iron overload and endocrine status of the patients. Thalassemia major patients with hypothyroidism,
showed significantly higher rates of blood transfusion, serum ferritin and MDA levels than thalassemia major patients
with normal endocrine status. Thyroid gland disorders are associated with disturbance of hematological parameters such
as reduced Hb, as well as PCV, MCH and MCHC( not shown here). Anemia of chronic diseases such as B-thalassemia
major leads to disturbance in thyroid hormones secretion. Transfusion associated iron overload play an effect on lipid
peroxidation and the thyroid hormones (T3, T,4) metabolism. Hypothyroid patients have usually serum ferritin values
higher than those of normal controls.
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Table (1): Comparison Of The Means Of Iron Indices, Malondialdehyde (MDA) And
Hemoglobin (Hb) Concentration According To Gender Distribution (M=Male,
F=Female) In Different Thalassemic Groups.

Control Thalassemic patients BT Major BT Minor
N=20 N=80 N=60 N=20
M=10 | F=10 | M=45 F=35 M=35 F=25 M=10 | F=10
Mean Mean Mean Mean Mean Mean Mean Mean
+ + + + + + + +
SEM | SEM | SEM SEM SEM SEM SEM | SEM
2417 |19.26 | 23.17 19.94 20.61 20.56 19.42 | 20.38
Serum Iron + 4 + + + + + +
(mmole/l) - -~ - - = o o -
546 | 529 |7.40 6.87 0.96 12 116 | 097
: 40.03 | 3157 |45.90 37.98 36.01 36.97 37.34 | 37.16
Transferrin + + + + + + + +
Y + + + + + + + +
(%) 774|778 | 18.10 18.24 3.44 3.87 401 | 301
Total Iron 61.74 | 6122 |53.19 54.08 59.86 61.34 62.09 | 62.06
E'nd'”.? + + + + + + + +
apacity 655 | 634 | 1054 10.70 1.09 1.27 132 | 1.4
(mmole/l)
a,b**
. 12243 | 123.05 | 180155 | 160284 | 339242 2807.2%" | 1845 | 164.3
erum y
Ferritin Es e e Es + Es Es e
(ng/ml) 27.75 | 2735 | 24.05 23.74 24.83 26.63 24.19 | 25.39
ax ax a,b** a,b**
Ay 1.37 i.72 2'73 E.sg 2.39 i.gg 1.30 3.81
(mmole/) 1 500|301 299 3.04 2.95 3.03 302 | 291
Hb 13.97 |[11.79 | 11.08% 9.27% 8.61%P" 8.07% P 12.04 | 10.81
Concentratio | + + + + + + + +
n (g/dl) 042 |038 |0.19 0.15 0.14 0.12 020 |022

Student t.test: * Between groups comparison of male or female thalassemic subgroup versus
corresponding gender value in the control group: *p<0.05 **p<0.01,*** p<0.001,
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® Comparison of male or female value of BT major versus corresponding value in the BT minor  group: *
p<0.5,** p<0.01,*** p<0.001
“Within each subgroup comparison between male and female mean value
*p<0.01
Table (2): Gender Distribution (M=Male, F=Female) Of The Means Of Thyroid Hormones
Concentration In The Studied Groups.
Control Thalassemic BT Major BT Minor
patients
N=20 N=60 N=20
N=80
M=10 F=10 M=45 F=35 M=35 F=25 M=10 F=10
Mean Mean Mean Mean Mean Mean Mean Mean
i i £ £ * £ * i
SEM SEM SEM SEM SEM SEM SEM SEM
.. . 154 1.72 155 1.47 1.53 1.47 1.58 1.48
Triiodothyronine | | + N + N + + +
(i) 043 | 039 |044 0.42 0.37 0.40 0.38 0.41
. 104.56 | 95.10 86.22 83.58 76.67%* Px* 7278 x* [ 96 57 94.58
ey * * * * * * + *
il 31.72 | 3590 | 3358 34.64 32.73 32.87 34.56 33.19
Ui 2.94 343 | 530% | 567 |7.86%0%* 7.08%°%* | 289 3.04
stimulating + + + + + + + +
hormone T T - - N o N 5
(uIU/ml) 1.23 1.17 5.22 5.29 1.62 4.94 3.84 2.46
Reverse 1.57 1.96 1.66 152 1.83 1.65 1.05 1.21
Triiodothyronine | % * + * + * + *
(nmole/l) 1.83 2.94 2.56 1.73 2.36 2.71 1.97 211
Free 5.06 5.82 411 4,98 4.69 451 5.60 5.13
Triiodothyronine | % * + * + * * *
(pg/ml) 1.32 1.24 1.13 1.14 1.19 1.23 1.16 1.29
. 1.16 1.21 1.23 1.15 1.23 1.15 1.25 1.16
Free thyroxine + + N + N + + +
(ng/mi) 0.20 019 | 0.26 0.26 0.24 0.22 0.26 0.21

a . - - - -
Student t.test: ~ Between groups comparison of male or female S-thalassemia major, p-thalassemia minor
versus corresponding gender value in the control group: ** p<0.01,*p<0.05

b . . . . .
Comparison of male or female value of S-thalassemia major versus corresponding gender in
the p-thalassemia minor group: ** p<0.01
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Table (3): Comparison of the effect of age on the means of thyroid functions
in different B-thalassemia major age groups (Group A: 3-14 years,

Group B: 15-21, Group C: > 21years).

Group A Group B Group C
n=34 n=12 n=14
Triiodathyronine 1.44+0,46 1.51+0.49 1.65+0.49
(nmole/l)
Thyroxin (nmole/l) 81.43+17.35 76.74+15.43 65.97 *+13.54
Thyroid stimulating 432 +5.08 4.98+2.40 14,532 bx*41 13
hormone (uIU/ml)
Reverse
Triiodothyronine 1.78+0.47 1.67+0.61 1.68+0.96
(nmole/l)
DI IRUCCOMNCHINERN |, (), 1/ 4574053 4.69+0.62
(pg/ml)
Free thyroxine (ng/ml) 1.19+0.26 1.29+0.28 1.13+0.29
Serum MDA
8.11+1.97 9.18 **+1.92 10.31%** P*+1 99
mmole/L
Serum Ferritin (ng/ml) 2500+28.03 3250 “*+24.05 3678%* "*423 46

Student t.test: “BT major age group C patients versus the age group A: * p<0.05, ** p<0.01

b . .
BT major age group C patients versus the age group B:* p<0.05, ** p<0.01

c
Age group B patients versus the age group A:* p<0.05
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Table (4): Comparison of hypothyroidism in B-thalassemia major age subgroup
C (> 21years) with mean of the serum ferritin and malondialdehyde
(MDA) concentration.

Patients Patients Serum Serum
| MDA
ferritin
Hypothyroidism | Total Male Female mmole/l
(ng/ml)
Mean Mean
No % No % No % + +
SEM SEM
37213 9.79
Primary 5 8.33 4 6.66 1 166 | * *
29.21 1.91
2395 9.33
Subclinical 7 11.67 4 6.66 3 5 t t
30.07 1.94
Total 12 20 8 13.33 4 6.66

Student t.test: a Primary versus sub clinical hypothyroidism:*p<0.05

6000 4 y = 1445.4x+ 1565.9
% 5000 - :
€ 4000 - ®)
=
= L
11}
“ 3000 -
S
~
& 2000 -

1000 - 8

0 T T T T |
0 0.5 1 1.5 2 2.5
number of blood units / month

Figure (1): Spearman Rank correlation between frequency of blood transfusion and serum ferritin in -
thalassemia major group(r = 0.47, p<0.001)
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Figure (2): Spearman Rank correlation between serum malondialdehyde (MDA) concentration and serum
ferritin concentration in B-thalassemia major group (r = 0.47, p<0.001).
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Figure (3): Bar graph of the mean concentration of thyroxine in B-thalassemia major, B-thalassemia minor
and control groups.
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Mean of Thyroid stimulating hormone
(miu/ml)

B-thalassemia
Major n=60

B-thalassemia
Minor n=20

3.18

Control
n=20

Figure (4): Bar graph of the mean of thyroid stimulating hormone concentration in B-thalassemia major, 3-

thalassemia minor and control groups.
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Figure (5): Bar graph of (A) the percentage prevalence of hypothyroidism, (B) Gender distribution among
[-thalassemia major patients of > 12 years of age according to types of hypothyroidism.
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