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BACKGROUND: Thalassemia majoris a hereditary anemia which is caused by defective 
synthesis of hemoglobin, ineffective erythropoiesis and rapid erythrocyte 
breakdown.Transfusions in beta thalassemia major are necessary for survival of these 
patients.Frequent blood transfusions and inadequate iron chelation therapy can result in iron 
overload which may lead to various endocrine complication such as Thyroid dysfunction, 
Cardiomyopathy, Daibetes Mellitus, Hypogonadism. OBJECTIVES:To study the frequency of 
hypothyroidism in thalassemia and To study the correlation between iron overload as 
measured by serum ferritin levels and incidence of thyroid dysfunction, in children with 
thalassemia major on regular transfusion therapy. METHODS:This is asingle center cross 
sectional study including 91 children attending thalassemia day care center and on regular 
blood transfusion therapy for a minimum of 2 years. Detailed history and examination were 
recorded in the proforma. Blood was drawn for serum ferritin levels and thyroid function tests 
in these children. RESULTS: Subclinical hypothyroidism was found in 21% of children in our 
study. 17 children had subclinical hypothyroidism and 2 had compensated hypothyroidism. 
There was no correlation between serum ferritin levels and thyroid dysfunction. 
CONCLUSION: Hypothyroidism was found to be a complication of thalassemia in around 21% 
children in our study. Detection of hypothyroidism is important as effective replacement 
therapy is available.. Therefore, thyroid function should be followed periodically, particularly 
when other iron overload-associated complications occur. Early recognition and hence 
prevention of these complications might help improve the quality of life of these patients.
Key words: thalassemia major, hypothyroidism, serum ferritin.

The term Thalassemia is derived from the Greek, thalassa (sea) 
and haima (blood). The term “thalassemia” refers to a group of 
blood diseases characterized by decreased synthesis of one of the 
two types of polypeptide chains (α or β) that form the normal adult 
human hemoglobin molecule (HbA, α2β2), resulting in decreased 
filling of the red cells with hemoglobin, and anemia. (1)

The prognosis of patients with thalassemia major, has 
dramatically improved in recent years because of continuing 
advances in blood transfusion and iron chelation therapy. In 
thalassemia major, regular blood transfusions introduce between 
0.3 and 0.5 mg/kg/day of iron in the majority of patients, although 
there is considerable variability in the accumulation rate between 
patients .(2)  Transfusions and gastrointestinal  iron 
hyperabsorption in thalassemia major patients lead to early and 
severe iron loading. Excess iron manifests in almost all tissues, but 
the majorityis deposited in reticuloendothelial macrophages in 
spleen, liver and bone marrow, and in parenchymal tissues, 
primarily in hepatocytes and endocrine glands. (3)

One important aspect of management in transfusion 
dependent β thalassemic patients is early recognition and 
treatment of endocrine dysfunction. This is particularly true for 
thyroid dysfunction, since hypothyroidism is associated with 
growth problem, which is commonly seen in these patients.Also 
detection of hypothyroidism is important as inexpensive 
replacement therapy is readily available. 

Thyroid dysfunction is known to occur frequently in 
thalassaemia major, but its prevalence and severity varies in 
different cohorts and the long-term natural history is incompletely 
described.(4)We evaluated the pituitary/thyroid axis in 
thalassemia major patients in this cross sectional study and 
correlated T4 and TSH secretion with the ferritin level.

This is an observational, single centre cross sectional study 
conducted in the Thalassemia Day care centre in Indira Gandhi 
Institute of Child Health, Bangalore. The study was approved by 
the hospital ethical committee and consent was obtained from all 
patients. The diagnosis of thalassemia major is established based 
on the need for regular transfusion, Hb electrophoresis 
examination. 
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Method of data collection:

91 children were included in the study after obtaining consent 
from parents. Data regarding age, gender, type of thalassemia, 
disease duration, frequency of blood transfusion, clinical signs of 
iron overload, type of iron chelation therapy, adherence to 
chelation therapy, pre-transfusion Hb, and cumulative amount of 
transfused blood, were recorded. Diagnosis of thalassemia was 
confirmed by need for recurrent transfusions and Hb 
electrophoresis.

History regarding presence of clinical signs suggestive of 
hypothyroidism was obtained. There was no family history of 
hypothyroidism in these children. History regarding presence of 
clinical symptoms of iron overload was obtained.

Detailed examination of the children was conducted. Children 
were examined for presence of clinical features of iron overload 
and clinical signs of hypothyroidism and any other associated 
complications. 

Blood samples for investigations were collected before blood 
transfusion in EDTA and plainvaccutainers with 2ml disposable 
syringes.  

Serum ferritin was done in all children by automated 
Chemilumiscent method.

Thyroid function tests T3, T4 and TSH was done using electro 
chemiluminescence immunoassay.

Primary Hypothyroidism was defined as   decrease in thyroid 
hormone production due to dysfunction of the thyroid gland itself, 
while secondary and tertiary hypothyroidism occurs due to 
dysfunction of the pituitary and hypothalamus.

Primary hypothyroidism was established in patients with 
elevated TSH levels and normal (compensated) or decreased 
(uncompensated) T4 levels.

Of the children examined 19 children were found to have 
thyroid dysfunction.

These children were reexamined. The children were examined 
for presence of signs of iron overload and hypothyroidism. Local 
examination of neck was done to look for presence of goiter, 
presence of any nodules. USG neck was done to rule out thyroid 
abnormalities like presence of any nodule or reduced 
echogenicity.Anti TPO antibodies was done in these children to 
rule out autoimmune causes of thyroid dysfunction. 

STATISTICAL METHODS

Since this study explores relation between biological variables 
associated with two discrete clinical conditions, variables were 
grouped as 'exposure', 'outcome' and 'covariates'. Measures of 
thyroid function, namely TSH, T3,T4 and diagnosis of thyroid 
dysfunction formed exposure variables. The 'outcome' variables 
were ferritin assay and diagnosis of iron over load. Assays of TSH, 

T3, T4 and Ferritin were continuous numerical data while 
diagnosis of thyroid dysfunction and iron overload were binomial 
categorical type of data. Age, height, weight and average 
hemoglobin concentration were considered as covariates. 

Descriptive statistics was used to test distribution, central 
tendency and variance of population characteristics across 
variables of interest. Descriptive statistics were also used to 
describe frequency of thyroid dysfunction and iron over load 
occurring in study population.

All continuous numerical variables were tested for normal 
distribution using histogram and Shapiro-Wilk test. Histogram 
was used to identify outliers. A Shapiro-Wilk p>0.05 was 
considered to be normally distributed. Non-normally distributed 
variables were log transformed for approximation to a normal 
distribution. Log transformed values were used for inferential 
statistics. 

Inferential statistics

Pearson's Co-relation 

All numerical data were subjected to a bivariate Pearson's 
correlation test to obtain a correlation matrix. A p<0.05 for a given 
'r' was considered as a significant correlation between a pair of 
variables. The matrix was used to identify significant association 
between exposure and outcome variables and confounders.

Partial correlation models were used for controlling 
confounding factors identified through correlation matrix. Two 
models of partial correlation were computed. In the first model, 
statistical confounding factors were used as controlling variables 
for correlation between exposure and outcome variables. In the 
second model, other possible confounders were added as 
controlling variables.

Chi-square tests :Association between frequency of thyroid 
dysfunction and iron over load were tested using cross tabulation 
and chi-square tests. A p value of less than 0.05 was considered as 
significant result.Exposure, outcome and confounding variables 
were tested with pearson's bivariate correlation test. 

Documentation and Computingstatistical analysis was 
performed using Statistical Package for Social Sciences version 
20.0, IBM Corporation, 2011.  

RESULTS:

Total of 91 children in the age group of 3 to 20 years formed the 
study group. 68% were males and 32 % were females.

Hypothyroidism was found in 21% children in the study group 
with increased male preponderance. male to female ratio: 1.5:1.

Hypothyroidism was found early in childhood with increased 
incidence in first decade of life.

More then 95% children in the study group had iron overload 
with serum ferritin being above 2000ng/dl.

In children with hypothyroidism in comparison with the 
euthyriod had low mean pre transfusion Hb and increased serum 
ferritin levels and were on prolonged chelation therapy.

There was no statistical significance between iron overload as 
measured by serum ferritin  and thyroid dysfunction in these 
children.

MATERIALS AND METHODS



Table 2. Descriptive statistics of study population

Table 3. Bivariate correlation matrix for all continuous variables considered in this study

*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).
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From the correlation matrix, ferritin was only correlating 
significantly with T4. Hence ferritin and T4 were considered as 
exposure and outcome variables for further analysis. Age, height 
and weight correlated significantly with both ferritin and T4. 
Hence these three variables were considered as statistical 
confounders. TSH and average Hb% were considered as possible 
confounders for further analysis. 

After adjusting for confounders, ferritin did not correlate with 
T4 (r= -00.137). Also the association lost statistical significance. 
However, the direction of correlation remained negative. 

CHI SQUARE TEST

12 children had both iron over load and thyroid dysfunction 
while 39 of them had neither iron over load nor thyroid 
dysfunction. Chi square tests and likelihood ratio indicate that 
there was no association between thyroid dysfunction and iron 
overload. 

Table 21     showing comparison between euthyroid and 
hypothyroid children.

In comparison between euthyriod and hypothyroid children, it 
was found that children with hypothyroidism had a decreased 
mean pretransfusion Hb. Also serum ferritin was increased in 
comparison to children who were euthyriod, but it there was no 
statistically significance.

Comparison of thyroid function test between euthyroid and 
hypothyroid.

Comparison between euthyroid and hypothyroid children

 * Mann Whitney U test , # Chi-square test

Iron over load

Chi-Square Tests

No
Yes 
Total

Pearson Chi-Square
Likelihood Ratio

Absent
45
27
64

Present
7
12
19

Total
52
39
91

Value
4.615a
4.648

df
2
2

P
.099
.098

Thyroid dysfunction

Scatter plot showing correlation between Ferritin and T4 with 
the best fit line and 95% confidence intervals. There graph shows a 
weak negative correlation (p<0.05). 

PARTIAL CORRELATION.

Correlation between ferritin and T4 was adjusted for identified 
confounders and possible confounders. Following table shows the 
results

Table 24. Partial correlation between T4 and Ferritin assay

* Adjusted for age, height and weight. # Adjusted additionally for 
TSH and average Hb%
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are all possible reasons and they did not find associations between 
iron overload and thyroid dysfunction.

Study done by Agarwal(9) et al stated that no correlation could 
be found between iron overload and hypothyroidism.other factors 
which could damage the endocrine glands in thalassemia major 
include chronic hypoxia due to anaemia and liver dysfunction as 
the metabolism of various hormones is altered once the liver is 
damaged.

Study done by Pirinccoglu(10) et al also showed that there is 
nocorrelation between serum ferritin level andthyroid function. 
The absence of the relationship between ferritinand 
hypothyroidism may be explained bysuggesting that the damage 
of endocrine glandscaused by chronic hypoxia is more 
pronouncedthan that caused by hemosiderosis as aconsequence 
of the collapse of iron.

Conclusion:

Hypothyroidism was found to be a complication of thalassemia 
in around 21% children in our study which is high in comparison 
to general population which is 0.3-0.4%. Detection of 
hypothyroidism is important as effective replacement therapy is 
available. The high prevalence of hypothyroidism and the finding 
that many subjects develop hypothyroidism earlier then 10 years 
points toward the importance of conducting thyroid function 
screening earlier in life. Even though serum ferritin was high in all 
children with thyroid dysfunction, study failed to correlate 
between iron overload and thyroid dysfunction in thalassemia as 
there were also other confounding factors which were poorly 
controlled in this study group. 

Therefore, thyroid function should be followed periodically, 
particularly when other iron Overload-associated complications 
occur. Early recognition and hence prevention of these 
complications might help improve the quality of life of these 
patients. Replacement of thyroid hormones being cheap and easy 
must be carried out as this will significantly improve the quality of 
life of these children.

Table 22 showing difference of  thyroid function tests 
between euthyriod and hypothyroid children

 DISCUSSION

Thyroid function tests done in children with hypothyroidism 
showed increased TSH and decreased level of T4. T3 was 
comparable in both the groups has it is affected only in

The prevalence of thyroid dysfunction in our study was 20.9%.

USG neck done in children to rule out goiter, presence of 
nodules and increased echogenicity was normal in all 19 children 
with hypothyroidism.

Anti TPO antibodies done was negative in 18 children and 1 
child had Anti TPO antibodies positive.12 out of 19 children 
showed clinical features suggestive of iron overload, but serum 
ferritin was found to be above 2000ng/dl in all children suggesting 
of iron overload.

Total number of transfusion taken by these children was in the 
range 50-100.

In our study prevalence of primary hypothyroidism was more 
common in first decade with male preponderance. This may be 
explained by the reason that our study group had a male 
preponderance and younger age of the population studied. The 
differences in prevalence may be caused by different protocols of 
therapy, namely the pre transfusion Hb value used to warrant 
transfusion and patients adherence to chelation therapy.

Serum ferritin is the most widely used test for assessment of 
iron status in these patients. Even though  present study showed 
increased serum ferritin levels in all children with 
hypothyroidism, it didn't  not show any statistically significant 
difference in mean serum ferritin level between hypothyroid and 
euthyroid group .Similar observation has been replicated in 
various previous studies by Cynthia et al, (5)Habebet al(7), Rajesh 
joshi et al(6) , Agarwal et al(9). These finding suggest possibility 
that spot serum ferritin sample may not be sufficient alone to 
determine the implication of chronic iron exposure in developing 
thyroid dysfunctions. There is no doubt that iron overload has 
important role to play in thyroid and other endocrinal dysfunction 
in thalassemic patients, non-significant difference in ferritin levels 
between hypothyroid and euthyroid group suggests that there are 
other mechanism by which thyroid dysfunction occurs in these 
children.. It also suggests that recent ferritin levels are not a 
sensitive marker for tissue ferritin deposition and also that 
endocrine complications could be related to iron toxicity in early 
life rather than at the time of screening.

Study done byCynthia et al also couldn't establish association 
between iron overload and thyroid dysfunction. It was stated in the 
study that serum ferritin level in itself cannot give a complete 
picture of the body's actual condition, because its level can be 
influenced by other factorssuch as inflammatory processes, liver 
abnormalities. In addition, multifactorial etiologies from various 
endocrine abnormalities in thalassemia major, the difference of 
iron distribution in various organs, and the difference in 
sensitivity of various endocrine organs to iron accumulation 
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Thyroid function
 tests

T3

T4

TSH

1.44+0.30
8.3+ 2.09
4.11+8.75

1.45+ 0.3
7.3+ 2.07
10.1+ 8.84

Euthyroid Hypothyroidism
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