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Background: Thalassemia is a single gene disorder with defect in synthesis of alpha or beta globin, 
causing anaemia. Thalassemia major is evident in early childhood causing growth retardation and 
visceromegaly. The objective of this study was to compare the bone age at 9−15 years in thalassemic 
children with normal children of same age through growth hormone estimation. Methods: This cross-
sectional analytical study was conducted in collaboration with Fatimid Hospital Peshawar and 
Paediatrics Unit, Khyber Teaching Hospital, Peshawar from Aug 2014 to Jun 2018. The sample size 
was calculated as 156. After obtaining written informed consent of the parents, blood samples of 
children were taken for growth hormone assay using commercially available ELIZA kits. Bone age was 
determined on hand-wrist radiographs by evaluation of ossification centres. Skeletal and chronological 
ages, and growth hormone level in thalassemic and normal children of same age group were compared. 
Data was analysed using SPSS-20. Results: In total 156 children 97 (62.2%) were male and 59 (37.8%) 
were female with mean age 11.9±2.2 years. In thalassemia patients, 49 (62.8%) were male and 29 
(37.2%) were female. There were significant differences in bone age between the groups (p=0.0001) as 
compared to their chronological age. Growth hormone level among children with thalassemia 
(1.18±0.56 ng/ml) were significantly lower (p=0.025), compared to the control group (5.08±15.02 
ng/ml). Bone age was significantly correlated to growth hormone (r=0.244, p=0.031) in thalassemia 
patients. The correlation between bone age and growth hormone was found non-significant (r=0.161, 
p=0.302) in control group. Conclusion: Growth hormone level and hand-wrist X-ray should also be 
used in assessment of thalassemic children for evaluation of possible growth retardation. 
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INTRODUCTION 
Thalassemia is a genetic disorder having a single gene 
disorder with defect in synthesis of either α or β globin, 
causing anaemia. In this type of anaemia there is 
deletion or mutation of alleles of globin genes.1,2 
Thalassemia is a pathology of childhood, and manifests 
commonly in early life. In this disease there is formation 
of abnormal masses due to osteopenia, extra medullary 
haemopoeisis, or other factors.3,4 

The life expectancy of thalassemia patients has 
been prolonged due to modern therapy. Multiple blood 
transfusions have a significant effect in improvement of 
patient survival, but besides its effectiveness it has a 
major side-effect of iron overload.5,6 Before 9–10 years 
of age, growth of patients with thalassemia is normal. 
After that, reduction or absence in growth along with 
failure of signs of puberty are observed.5,7 Mostly in 
thalassemic adolescence, height is less than 3 percentile 
than mean age 13 or 2 SD less, because of multiple 
pathologies due to growth failure, impairment of height 
and secondary sex characteristics.7,8 

Various methods have been adopted for age 
determination such as ossification centres of wrist 
bones, eruption of teeth and their correlation.9 The 

skeletal maturity is one of the vital indicator of 
biological maturity of human being that is linked to 
various factors like disease, hormonal imbalance, 
environment, nutritional status, and genetics.10 Due to 
variations in bone maturation, some children enter 
pubertal stage at the age of 10 years or earlier, while 
others enter into the puberty after 15–16 years.11 
Skeletal age is similar important as chronological age in 
evaluation of children and adolescents’ physical 
development and treatment plan.10 The finding of 
phalanges and metacarpal bones maturation is an 
indicator of accelerated pubertal growth.12 

Growth is a vital feature which differentiates a 
child from an adult. Growth denotes a net increase in the 
size or mass of tissues, whereas development specifies 
maturation of function.13 Growth among children and 
their puberty is linked with the endocrine changes which 
follow a well-coordinated schemes of changes but the 
rates of maturation differ broadly as a result these events 
may be associated with physical maturity as compared 
to chronological age.14 Thalassemic children with 
pubertal failure have short stature.15 Biological/skeletal 
age, also known as ‘developmental age’ or 
‘physiological age’, reveals the individual maturity 
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levels. Numerous methods are available for assessment 
of biological age which provide information to the 
health professionals/physician.16,17 Frequent blood 
transfusions in patients with thalassemia lead to 
excessive iron accumulation; serum ferritin estimation is 
an indicator of iron overload. Some studies have shown 
association between serum ferritin level and bone 
mineral density.18 Growth deficit occurs in thalassemia 
syndrome which depending on the severity of disease. 
In thalassemia, growth failure has multifactorial 
aetiology such as chronic anaemia, chelation toxicity, 
endocrinopathies like deficiency of growth hormone, 
hypothyroidism and hypogonadism.19 

For making generalized evaluation of growth 
to documented populations ethnicity must be 
considered; however, only ethnic difference does not 
explain the intensity of the shortfalls observed. A few 
reports from investigators suggest that substandard and 
insufficient nutrition plays a major role in growth and 
pubertal failure.20 The purpose of this study was to 
develop a steady, attainable and advantageous method 
to archive growth retardation in children with 
thalassemia through bone age and growth hormone. 

MATERIAL AND METHODS 
This study was conducted in Paediatrics Department 
Khyber Teaching Hospital, and Fatimid Hospital 
Peshawar after approval from Ethical Review 
Committee. It was a cross-sectional and analytical study 
conducted from Aug 2014 to Jun 2018. Beta 
thalassemia major patients of 9−15 years age, with no 
other illness like cardiac, hepatic, renal disease, or 
diabetes mellitus were included. Children whose exact 
birth dates could not be verified, or having metabolic or 
bone deformities not due to thalassemia were excluded. 

Parents of the Thalassemia major patients, 
visiting Fatimid Hospital were contacted. Written 
informed consent was obtained after explaining the 
purpose of the survey. Patients’ detailed history of the 
disease was taken. A structured data collection checklist 
was used. The check list was broadly divided into two 
parts consisting of demographic data and biochemical 
findings, i.e., growth hormone level. The patients were 
advised to fast for at least 12 hours before the blood 
sample for biochemical assessment. Blood sample of 3 
ml was collected in an EDTA tube, stored at 2−8 °C and 
transferred to the laboratory for analysis. Hormonal 
assay was performed using commercially available 
ELIZA kits. Bone age was determined on hand-wrist 
radiographs by evaluation of ossification centres. 

WHO sample size calculator and Epi-info 6 
were used for calculations of sample size and data 
analysis. Data analysis was done on SPSS-20. 
Mean±SD, frequency, ratio, proportion, and percentages 
were calculated. Student’s t-test was used to compare 
the means of biochemical values between the two 

groups, and p≤0.05 was considered statistically 
significant. 

RESULTS 
Total 156 children, 97 (62.2%) males and 59 (37.8%) 
females, were included in the study with mean age 
11.9±2.2. Out of the thalassemic patients, 49 (62.8%) 
were male and 29 (37.2%) were female. In the non-
thalassemic children, 48 (61.5%) were males and 30 
(38.5%) were female. 

Among the control group mean chronological 
age was 11.86±2.18 years while it was 12.01±2.2 years 
among thalassemia patients. The differences were not 
significant (p=0.67). 

Bone age in normal children was 11.7±2.5 
years whereas it was 9.9±1.6 years in thalassemic 
children. The bone age had significant differences 
(p=0.0001) between the two groups. 

The growth hormone level in normal children 
was 5.08±15.02 ng/ml, and it was 1.18±0.56 ng/ml in 
thalassemic children. The differences in the mean 
growth hormone level among normal and thalassemic 
children were significant (p=0.025). (Table-1). 

Table-1: Comparison of bone age and laboratory 
findings among the study groups 

Characteristics 
Group A 

(Thalassemic) 
Group B 
(Normal) CI p 

Chronological age (Year) 12.01±2.26 11.86±2.20 1.09–2.4 0.67 
Bone age (Year) 9.9±1.6 11.7±2.5 0.55–0.85 0.0001 
Growth hormone (ng/ml) 1.18±0.56 5.08±15.02 0.54–7.3 0.025 

Pearson’s correlation analysis revealed that the 
bone age had positive correlation with growth hormone 
(r=0.244, p=0.031) in thalassemic patients. There was 
no significant correlation between growth hormone and 
bone age of the control group (r=0.161, p=0.302). 

DISCUSSION 
Our study signifies that the bone age of thalassemia 
patients is significantly less than the control group. Due 
to modern therapy the mean survival age of patients 
with thalassemia has been prolonged but as the 
thalassemia patients approach puberty age, many of 
them develop pubertal and growth retardation.23 
Thalassemic patients are at risk of disproportionate 
trunkal shortening due to platyspondyly resulting from a 
combination of factors like desferrioxamine toxicity, 
deficiency of trace elements, or haemosidrosis.24 
Although deficiency of growth hormone and neuro-
secretory dysfunction have been described in 
thalassemic patients, it may not the direct cause as 
normal growth hormone reserve has also been observed 
in majority of short-statured thalassemic patients.25 

Subjects of the same chronological age were 
included in this study in order to avoid bias. There were 
significant differences in bone age of the study groups. 
Thalassemia patients had mean bone age less than the 
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control group. Bone mass density is responsible for 
chronological age and bone age dissimilarity. Other 
studies also predicted low bone mass density in 
thalassemia patients as compared to normal children. 1,2 

In this study, significantly low level of growth 
hormone was observed in thalassemia patients 
compared to normal children. Other workers have also 
observed pronounced decrease in growth hormone level 
in thalassemia patients.1,19 Significantly lower values 
were found for weight, height and sitting height in 
thalassemia patients than controls in other studies 
suggesting delayed puberty and growth retardation.27,28  

CONCLUSION 
Multiple transfusions to thalassemic children cause iron 
overload in various organs including endocrine glands 
resulting in decreased secretion of growth hormone 
from pituitary gland, short stature, delayed puberty, and 
other metabolic and skeletal deformities. Growth 
hormone level and hand-wrist X-ray should also be used 
in assessment of thalassemic children for evaluation of 
possible growth retardation. 
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