
INTRODUCTION 

halassemia major is the most Tprevalent monogenic hematologic 
disorder, affecting millions globally and 
resulting in thousands of deaths 
annually. Despite being one of the most 
common hered i tary  hemolyt ic  
disorders, thalassemia remains poorly 
understood regarding its genetic basis, 
c a t e g o r i z a t i o n ,  b i o c h e m i c a l  
a b n o r m a l i t i e s ,  a n d  c l i n i c a l  
manifestations. Thalassemia arises from 
various interrelated genetic defects, 
leading to severe chronic conditions in 

1 different combinations. The disease 
spectrum ranges from being an 
asymptomatic carrier to severe 
hemolytic anemia, necessitating regular 
blood transfusions for survival. 
Managing transfusion-dependent 
thalassemia major (TDT) is challenging, 
as improper and repeated transfusions 
can lead to hemosiderosis, the primary 
cause of mortality. Nevertheless, iron 
overload complications can be 
mitigated through systematic protocols, 
regular follow-ups, and the use of 

2effective iron chelators.  Numerous 
studies conducted globally have 

d e m o n s t r a t e d  t h a t  r e c u r r e n t  
transfusions in thalassemia patients 
result in elevated serum ferritin levels 
and excess iron accumulation. This iron 
overload can impair growth hormone 
function, contributing to developmental 
disorders such as growth retardation 

3,4and short stature.  For example, 
studies conducted in Malaysia and 
Yemen on prepubertal β-thalassemia 
major patients revealed a higher rate of 
growth failure compared to age- and 
gender-matched healthy children. In 
Yemen, growth retardation rates were 
significantly higher compared to other 

5,6countries.  A recent Brazilian study on 
children with transfusion-dependent β-
thalassemia major found a higher 
prevalence of dental malocclusions, 
particularly Angle's Class II type, 
indicating the broader impact of the 

7disease on physical development.  
Additional research has revealed that 
thalassemia patients with elevated 
ferritin levels and iron overload from 
uncontrolled transfusions suffer from 
stunted growth and underdeveloped 

8,9 genitalia.

A study at a transfusion center in 
Islamabad reported moderate to severe 
growth retardation in many frequently 
under-transfused β-thalassemia major 

10patients.  Similarly, research assessing 
the nutritional status of children with β-
thalassemia major in Bahawalpur, 
Pakistan, found that most patients were 
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ABSTRACT

OBJECTIVES: To investigate the relationship between repeated blood 
transfusions and growth retardation in children with transfusion-dependent 
Thalassemia in Peshawar, Pakistan.

METHODS: This cross-sectional study was conducted on transfusion-
dependent thalassemia patients receiving treatment at the Fatimid Foundation, 
Peshawar Pakistan, between February and August 2022. Participants were 
categorized by age (<1 year, 1–2 years, and >2 years) to assess and measure 
growth patterns over six months.

RESULTS: Out of 93 children with thalassemia major, 55 (59.1%) were males 
and 38 (40.9%) were females. Mean age of the participants was 10.86 ± 5.72 
years, and mean age at their first transfusion was 8.13 ± 5.78 months. Mean body 
mass index was 16.38 ± 1.82 kg/m². Short stature was observed in 49 patients 
(52.7%), of whom 57.1% (n=28) were male and 42.9% (n=21) were female. 
Serum ferritin levels were significantly elevated in patients with short stature, 
with 57.1% (n=28/49) having ferritin levels >4001 μg/L compared to 40.9% 
(n=18/44) with normal stature. Only 3.2% of patients had normal ferritin levels. 
The ROC analysis identified a ferritin cut-off of 1636 μg/L for predicting short 
stature (sensitivity 86%, specificity 68%). Growth assessment showed that 71% 
of the children were <50th percentile. Hemoglobin levels and early transfusion 
age were also associated with short stature, highlighting the impact of iron 
overload on growth.

CONCLUSION: This study highlights the detrimental effects of thalassemia on 
growth in transfusion-dependent children, primarily from iron overload and high 
ferritin levels, emphasizing the importance of better management strategies to 
prevent complications and promote healthy development.
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underweight, with a significant 
association between nutritional status, 

11age, and illness duration.  Additionally, a 
significant reduction in Body Mass Index 
(BMI) was observed in Pakistani and 
Afghan β-thalassemia major patients 
compared to a control group, with both 
populations and genders showing 
notable declines in hematological 

12parameters.  Another cross-sectional 
study on β-thalassemia major patients in 
Karachi, Pakistan, revealed significant 
changes in biochemical profiles, 

13including bone abnormalities.  In 
Pakistan, the β-thalassemia carrier rate 
is estimated at 5.0–8.0%, making it a 
common hereditary blood disorder. 
Homozygous affected children rely on 
regu l a r  a nd  exp ens i ve  b lo o d  
transfusions for survival. This highlights 
the importance of preventive strategies 
like mutation detection, genetic 
counseling, prenatal diagnosis, carrier 
screening, and increasing public 

14awareness.

With limited resources and the lack of 
un iversa l  hea l thcare  serv ices ,  
thalassemia is poised to present a 

8growing challenge in Pakistan.  This 
study was planned to assess the 
association between transfusion-
dependent thalassemia and growth 
impairment in children, along with 
related complications. Specifically, we 
focused on the elevated blood ferritin 
levels (>500 ng/mL) commonly seen in 
poorly managed transfusion-dependent 
thalassemia patients, which contribute 
to growth retardation. Key contributing 
factors include inadequate pre-
transfusion hemoglobin levels, delayed 
or insufficient chelation therapy, and 
poor treatment compliance. By 
addressing these issues, our study seeks 
to fill a critical gap in understanding the 
impact of high ferritin levels on growth 
in children with thalassemia in Pakistan. 
The findings will provide valuable 
insights for optimizing treatment 
protocols, improving patient outcomes, 
a n d  r e d u c i n g  t h e  l o n g - t e r m  
compl icat ions  assoc ia ted wi th  
thalassemia.

METHODS 

This cross-sectional study was designed 
to provide a standardized quantitative 
assessment and measurement of 
growth patterns in transfusion-

dependent thalassemia patients. The 
research was conducted at the Fatimid 
Blood Bank & Foundation in Hayatabad, 
Peshawar, over a six-month period from 
February to August 2022. Using a 
purposive sampling technique, we 
recruited 93 confirmed transfusion-
dependent thalassemia major patients 
receiving treatment at the Fatimid 
Foundation, Peshawar-Pakistan. 
Patients who declined participation 
were excluded from the study.

Ethical approval was obtained from the 
Fatamid Foundation (228/Research & 
IN. S/01/FFP), and a comprehensive 
data collection questionnaire was 
shared with the participants. Informed 
consent, emphasizing the confidentiality 
of collected data, was obtained from 
both patients and guardians of minors. 
To maintain confidentiality, each patient 
was assigned a different serial number 
within their respective categories. 
Calibrated scales were utilized for 
s t a n d a r d i z e d  a c c u r a c y  i n  
measurements.

Ferritin level analysis was carried out 
using COBASE e 411 Roche (Hitachi), 
and CBC analysis was performed using 
the SYSMAX HB automatic device. 

Data were systematically recorded on 
standardized Performa sheets and 
analyzed using IBM SPSS version 22. 
Descriptive statistics, including means 
and standard deviat ions, were 
calculated for continuous variables such 
as age, while frequencies, percentages, 
and percentiles were computed for 
categorical data. Significance between 
means was assessed. Additionally, 
Pearson's correlation was employed for 
analyzing the correlation between 
continuous predictor values, and Chi-
Square tests were used for categorical 
variables. 

RESULTS

Among the 93 transfusion-dependent 
thalassemia major patients, 55 (59.1%) 
were male, and 38 (40.9%) were 
female. Short stature was observed in 
49 patients (52.7%), while 44 (47.3%) 
had normal stature (Table I). Specifically, 
50.9% of the males (n=28/55) had 
short stature, compared to 55.3% of 
the females (n=21/38). Of the patients 
with short stature, 57.1% (n=28/49) 
were male, and 42.9% (n=21/49) were 

female.

Serum ferritin levels were generally 
higher in patients with short stature 
than in those with normal stature. 
Twenty-eight (57.1%) patients with 
short stature had ferritin levels 
exceeding 4001 μg/L, compared to 18 
(40.9%) patients with normal stature. 
Only 3 (3.2%) of all transfusion-
dependent thalassemia major patients 
had serum ferritin levels within the 
normal range. A Receiver Operating 
Characteristic (ROC) curve analysis 
determined a ferritin cut-off of 1636 
μg/L for predicting short stature, with a 
sensitivity of 86% and specificity of 68% 
(Figure 1, Table II).

Hemoglobin levels before transfusion 
were also assessed. Nearly half of the 
patients (n=45; 48.83%) had pre-
transfusion hemoglobin levels between 
8-10 g/dL, while 38.70% had levels 
between 5-8 g/dL. Patients with short 
stature were more likely to have lower 
pre-transfusion hemoglobin levels 
compared to those with normal stature 
(Table I).

The majority of patients (n=75; 
80.46%) received their first transfusion 
before the age of one year. A greater 
proportion of patients with short 
stature (n=43; 87.75%) had earlier 
transfusions compared to those with 
normal stature (n=32; 72.27%). Only 3 
patients (3.22%) received their first 
transfusion after the age of two years 
(Table I).

Correlation analysis revealed a 
significant association between higher 
serum ferritin levels and short stature (r 
= -0.247, p = 0.017) and an inverse 
correlat ion with growth chart 
percentiles (r = -0.258, p = 0.012). 
Additionally, there was a positive 
correlation between ferritin levels and 
patient age (r = 0.212, p = 0.041).

Logistic regression analysis identified 
younger age and age at first transfusion 
as significant predictors of short stature 
in transfusion-dependent thalassemia 
patients. The Wald value for age was 
8.28 (p = 0.004), while for age at first 
transfusion, it was 3.51 (p = 0.061) 
(Table III).

In our study, growth percentile data 
revealed that 66 children (71%) were 

thbelow the 50  percentile on the growth 
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chart, 23 (24.7%) were between the 
50th and 90th percentiles, and only 4 
(4.3%) were above the 90th percentile. 
In terms of splenectomy status, 8 
patients (8.6%) had undergone 
splenectomy, while 85 (91.4%) had not. 
Pearson's correlation analysis was done 
to find out any potential correlation 

between serum ferritin levels and other 
levels. Analysis showed that an increase 
in serum ferritin levels were correlated 
with short stature (r = -.247, p-value = 
.017). A positive correlation was found 
between serum ferritin levels and age (r 
= .212, p-value = .041) whereas 
negative correlation was reported 

between serum ferritin levels and the 
age of first transfusion (r = -.056, p-
value = 596) and growth chart 
percentiles (r = -.258, p-value = .012). 

DISCUSSION  

In this cross-sectional study conducted 
in Peshawar, Pakistan, we explored the 
link between transfusion-dependent 
thalassemia and growth retardation in 
children. The study included 93 
thalassemia major children, both male 
and female, with a mean age of 10.86 ± 
5.72 years. The severity of the condition 
was reflected by the early initiation of 
transfusions, with the mean age of the 
first transfusion being 8.13 ± 5.78 
months. Our results indicated that while 
early transfusions are lifesaving, they 
contribute to iron overload and 
elevated ferritin levels, leading to 
multiple endocrinopathies and growth 
impairments. The study revealed a 
significantly low mean body mass index 
(BMI) of 16.24 ± 1.96 for males and 
16.58 ± 1.59 for females. Furthermore, 
96.8% of children exhibited abnormally 
high serum ferritin levels.

Thalassemia major patients are 
expected to face fatal outcomes within 
months of diagnosis without timely 
transfusions or transplantation. In many 
developing countries, long-term 
transfusion and chelation therapy 
present significant challenges, imposing 

12an unsustainable healthcare burden.  In 
Pakistan, the most recent data from 
2018 estimates 9.8 million thalassemia 
carriers, with a carrier rate of 5-7%. 
Given the country's low human 
development index ranking of 146, 
thalassemia poses considerable strain 
on a l ready l imi ted hea l thcare 

8resources.  Iron overload-induced 
endocrinopathies, commonly occurring 
within the first decade of life, result in 
growth disturbances and thyroid 

7dysfunction.

In our study, 8 patients had undergone 
splenectomy, a common intervention 
f o r  s p l e n o m e g a l y  c a u s e d  b y  
extramedullary hematopoiesis and 
increased red blood cell destruction, 
which heightens transfusion needs. We 
also observed a significantly low mean 
BMI of 16.24 ± 1.96 for males and 16.58 
± 1.59 for females, pointing to the 
prevalence of stunted growth and 
growth retardation. These findings align 

Figure1: Receiver operating characteristic curve of serum ferritin levels with 
short stature.
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Variable

Normal stature
(n=44)

Short Stature
(n=49)

Total
(n=93)

Frequency (%) Frequency (%) Frequency (%)

Gender
Male 27 (61.36) 28 (57.14) 55 (59.14)

Female 17 (38.64) 21 (42.85) 38 (40.86)

Ferritin (μg/L)

Normal Range 2 (4.54) 1 (2.04 ) 3 (3.22)

337 to 1000 6 (13.64) 2 (4.08) 8 (8.60)

1001 to 2500 9 (20.46) 9 (18.36) 18 (19.36)

2501 to 4000 9 (20.46) 9 (18.36) 18 (19.36)

> 4001 18 (40.90) 28 (57.14) 46 (49.46)

Hemoglobin 
(gm/dl) level
before 
transfusion

<5-8       15 (34.09) 17 (34.69) 32 (38.70)

>8-10 19 (43.18) 26 (53.06) 45 (48.83)

>10 10 (22.72) 6 (12.24) 16 (17.20)

Age (years) 
at first
transfusion

<1 32 (72.27) 43 (87.75) 75 (80.46)

1-2 9 (20.45) 6 (12.24) 15 (16.12)

>2 3 (9.67) 0 (0) 3 (3.22)

Table I:  Percentage of baseline characteristics of the
study participants
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with previous research conducted on 
15the Iranian population in 2004.  

Similarly, another study on Pakistani and 
Afghan β-thalassemia major patients 
reported a substantial decline in BMI 

10compared to control groups.

Our study revealed that 91 out of 93 
(%age) children with thalassemia major 
exhibited abnormally high serum ferritin 
levels, a consequence of long-term 
reliance on blood transfusions. Similar 
to findings by S, et al., in 2005, elevated 
serum ferritin levels were associated 
with impaired growth and delayed 
puberty, particularly in thalassemia 

16major patients.  High ferritin levels 
throughout the first decade of life 
strongly indicated short stature in these 
children. The frequent need for 
transfusions often results in iron 
overload, leading to complications such 
as stunted growth, facial deformities, 
and a protruding abdomen. In this study, 
we measured key anthropometric 
parameters including height, weight, 
head circumference, abdominal girth, 
and upper arm circumference to 
calculate growth chart percentiles. 
Among the 93 children, 66 (71%) were 
below the 50th percentile, 23 (24.7%) 
were below the 90th percentile, and 
only 4 (4.3%) were above the 90th 
percentile. The primary aim was to 
a s ses s  g rowth  re ta rda t ion  i n  
transfusion-dependent thalassemia 
children. We observed that continuous 
transfusions lead to iron accumulation 
and elevated serum ferritin levels, 
resulting in developmental delays, 
delayed puberty, physical deformities, 

and various endocrinopathies, including 
hypogonadism, hypothyroidism, 
diabetes mellitus, liver disease, and 
cardiovascular disease-all of which 

16warrant further investigation.

To alleviate these challenges, it is 
recommended to explore alternative 
strategies that reduce the dependence 
on transfusions, such as the use of 
Hydroxyurea, which stimulates fetal 
hemoglobin production and has been 
proven to decrease transfusion 
frequency in chi ldren with β-

18thalassemia.  Additionally, ensuring the 
affordability and consistent availability of 
chelating agents in the market is crucial 
to maintaining an uninterrupted supply 
chain. Strict adherence to established 
management protocols should also be 
enforced to optimize patient outcomes. 
Moreover, the active involvement of 
non-governmental organizations and 
donors is essential to securing funding 
for high-cost treatments at the local 
level, helping to alleviate the financial 
burden on affected families.

Limitation of the study

The limited sample size and cross-
sectional design of our study restrict the 
generalizabil ity of the findings. 
Furthermore, the study did not assess 
hypogonadism, a significant factor 
contributing to growth failure in beta 
thalassemia major. A comprehensive 
evaluation of other factors, such as 
hormonal status, endocrinopathies, and 
their relationship with serum ferritin 
levels, is essential for a better 

understanding of growth impairment in 
these patients.

Future directions: Research should 
focus on evaluating the long-term 
efficacy of Hydroxyurea (HU) as a 
potential therapy to reduce the need for 
transfusions in thalassemia patients. In 
addition, further studies are needed to 
explore other therapeutic options and 
interventions that can alleviate the 
negative impact of iron overload and 
enhance the quality of life in thalassemia 
patients. Advancements in genetic 
screening, early diagnosis, and 
personalized treatments will be crucial 
i n  i m p r o v i n g  t h e  l o n g - t e r m  
management of this chronic condition.

CONCLUSION 

Our study highlights the significant 
growth retardation observed in 
transfusion-dependent thalassemia 
patients, primarily driven by iron 
overload and elevated serum ferritin 
levels. These findings emphasize the 
importance of enhancing management 
strategies to prevent iron overload, 
promote normal growth, and minimize 
long-term complications in transfusion-
dependent thalassemia patients. 
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