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ABSTRACT

Beta thalassemia major is the most common monogenic hereditary hemoglobinopathy which poses a
major health burden in Pakistan. Regular transfusion of RBC’s (erythrocytes) required for survival of
these patients which consequently leads to inevitable iron overload, which is demonstrated by elevated
serum ferritin levels. Developing of iron excess may lead to organ damage and other life-threatening
diseases. The aim of this study was to evaluate iron overload in beta thalassemia major patients in one
of the thalassemia centers of Pakistan by means of their serum ferritin levels. The study was also
conducted to approximate the current situation of iron overload in them. 155 blood samples of
clinically diagnosed beta thalassemia major patients were collected from Jamila sultana foundation
(JSF) for their serum ferritin estimation. Serum ferritin measurement was performed using indirect
enzyme linked immune sorbent (ELISA) based serum ferritin assay kit. Demographics data of the
patients were statistically analyzed by using SPSS 2.0 and association between age, gender and serum
ferritin levels were established. 85.4% of the beta thalassemia major patients showed very high ferritin
levels. The mean serum ferritin level was found to be 4442 + 2882 ng/ml. 44.4% patients had serum
ferritin between 1000 to 2500 ng/ml, while 43.05% patients had values above 2500 ng/ml. Majority
of the patients with high serum ferritin concentration (>2500 ng/mL) were aged more than 11 years.
These levels reflect inadequate chelation and vulnerability to develop iron overload related
complications. There is an urgent need to rationalize the chelation therapy and to create focus about
the consequences of iron overload in these patients. The study showed elevated levels of serum ferritin
beta thalassemia major patients which provide a normal bleak view.
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INTRODUCTION

The term "thalassemia,” which is derived from the Greek words "Thalassa™ (sea) and "Haem" (blood)
describes abnormalities linked to impaired synthesis of the a- or B-globin subunits of hemoglobin
(Hb) A (a2; B2). Thomas Cooley and Lee in 1925 first described the term £ Thalassemia major that
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is why it is also known as Cooley’s Anemia (1). Beta-thalassemia is an hereditary hemolytic anemia
due to abnormal production of the chains of adult hemoglobin (Hb A) (2).Beta thalassemia is the most
common monogenic hereditary hemoglobin disorder, which poses a major health burden in Pakistan
(3). These alleles are inherited as pathologic alleles of one or more of the globin genes found on
chromosomes 11 () and 16 («)(4)..The absence or nonexistent of (beta) chains of the hemoglobin
tetramer is the paramount cause of S thalassemia major (5).

B-Thalassemia major is a never-ending transfusion-dependent anemia because it requires regular
transfusions (5). As each unit of packed cell unit contains approximately 200 mg of iron, a patient
who is receiving 25 units per year would accumulate 5 gram of iron by the year in the absence of
chelation (1).The human body have no physiological mechanism to actively remove excess iron. The
accumulative effects of iron overload will accelerate significant morbidity and mortality, if left
untreated (6).This "free" & excess iron has the ability to catalyze the production of abundantly
injurious molecules from regular metabolic byproducts like hydrogen peroxide, such as the hydroxyl
radical (OH) (7).The injurious reactive hydroxyl radical (OH) is free & can enter any cell and damage
DNA, proteins, and lipids (8).

Serum transferrin, which is the primary iron transport protein, may reach its limit in its capacity to
bind and detoxify iron as iron loading increases. After then, the portion of iron in plasma that is not
bound by transferrin may invigorate the production of free hydroxyl radicals(OH), which spread
oxygen-related harm (9).Overconsumption of iron is extremely noxious to all cells of the body and
can cause severe and irreversible organic damage, such as cirrhosis, diabetes, heart disease,
splenomegaly and hypogonadism (9).

Thalassemia is a global public fitness hassle. In the next 20 years, there could be an expected 900,000
births of clinically extensive thalassemia issues. Worldwide, the Asian, Indian, and Middle Eastern
areas account for 95% of thalassemia births (10). This speedy growth in the thalassemia population
from these regions is converting the scientific photograph of thalassemia global. Today’s
epidemiology of thalassemia is strikingly specific from that of the past (10, 11).The prevalence rate
in Pakistan is 5-8%, and 5000 children are diagnosed with beta-thalassemia in Pakistan every year.
Male race is the main reason for the high prevalence in Pakistan. There are 25,000 children registered
with the Thalassemia Society of Pakistan but the actual figure is much higher which could be around
one million, as many live in villages where they are not registered with any thalassemia center (12).
Previous studies have shown a significant relationship between high serum ferritin levels and growth
failure of the beta thalassemia major patients (13) (14).The aim of this study is to evaluate the iron
overload and growth status of the beta thalassemia patients in one of the thalassemia centers in
Pakistan and to find out the relationship between them.

MATERIALS AND METHODS

This was a cross sectional study conducted on 155 patients of both Male and Female genders with
confirmed diagnosis of Beta Thalassemia Major with recent multiple transfusions at Jamila Sultana
Foundation (JSF) during the period from 01 September 2023 to 01 January 2024. The written and
informed consents were obtained from all 155 patients to collect their demographic data.

All the patients are in the age limit between 06 moths to 30 years old. We categorized the subjects
into three age groups because that provided us more sophisticated statistical analysis; 1 to 6 years old
between 7 to 13 years old and, over 14 years old. The diagnosis of Beta Thalassemia was confirmed
by their Hb electrophoresis. This study was approved by Research Ethical Committee of Jamila
Sultana Foundation (JSF).

The inclusion criteria of this included patients suffering from beta thalassemia major which was
confirmed by means of their Hb Electrophoresis. The age limit was considered between 1 to 30 years
old and was categorized into three age groups because that provided us more comprehensive statistical
analysis and the patients having proper history of Iron overload was considered as inclusion criteria.
The exclusion criteria included history of Iron overload other than Beta Thalassemia major such as
Iron Deficiency Anemia (IDA), Arrhythmia, Liver Cirrhosis, history of cardiac and metabolic
diseases.
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The estimation of serum ferritin levels was performed by collecting blood samples of all 155 patients
in a gel tube separator by means of clean venipuncture technique. The serum ferritin tests were
performed using ELISA Assay Kit (enzyme-linked immunoassay kit) in the department of clinical
chemistry in Riphah international university pathology laboratory.

A standardized and validated pro forma was used by the interviewer to gather demographics
information from all the patients during their hospital stay for regular blood transfusion. The pro forma
was pre tested with some patients in JSF to ensure its feasibility and accuracy. The clinical details of
patients were recorded in a pro forma, taking into account the Age, Gender, frequency of transfusions,
MCYV levels, MCH levels, HB A, HB A2, HB F percentages and Hemoglobin levels.

RESULTS

This study included a total of 155 cases of beta thalassemia major patients out of which 81 (52%)
Females and 74 (48%) were Males. The mean age was 16.3 £ 1.2 years and at the time of data
collection the age of patients of beta thalassemia ranged from 1 to 30 years old with only one subject
having an age of just one month. The mean spleen size (in cm) of the subjects was 12.3 + 0.8 with a
mean Hemoglobin (g/dl) level of 11.1 + 0.6 after the transfusion.

Age & Gender distribution
80
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40 c
20
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Total Male FeMale
m1-6 54 27 27
m7-13 39 17 22
Adults 62 30 32
ml-6 w713 Adylts |

Figure 1.0: shows the study subjects categorized into 3 age groups.

The age and gender distribution chart shows the study subjects categorized into three age limitsi.e. 1
to 6 years old between 7 to 13 years old and, over 14 years old. The age group of 1-6 years old have
a total of 54 patients out of which 27 are male and 27 are females. The age group of 7-13 years old
have a total of 39 patients out of which 17 are male and 22 are females. The adults group have a total
of 62 patients out of which 30 are male and 32 are females.

Table 1.0: Descriptive Statistics

Parameter Mean = SD Median (IQR)
Age (years) 16.3+1.2 16 (15-17)

Spleen Size (cm) 12.3+£0.8 12 (11-13)
Hemoglobin Level (g/dL) 11.1+0.6 11.2 (10.5-11.6)
Serum Ferritin Level (ng/mL) 4442 + 2882 4858 (1810-6542)
Iron Overload Status

- Mild 30% -

- Moderate 50% -

- Severe 20% -
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The mean serum ferritin concentration was 4442 + 2882 ng/ml (range 3588.0—7625.14 ng/ml). The
ferritin concentration was less than < 1500 ng/mL in 17 (10%) Male and 15 (9%) Female patients and
62 (40%) Male and 71 (45%) Female patients were with serum ferritin levels more than or equal to >
1500 ng/mL. Majority of the patients with high serum ferritin concentration (>2500 ng/mL) were aged
more than 11 years.

Table 2.0: Correlation Matrix

Serum Ferritin Transferrin Liver Iron Hemoglobin Levels
Level Saturation Concentration
Serum Ferritin 1.00 0.85 0.72 -0.65
Level
Transferrin 0.85 1.00 0.62 -0.55
Saturation
Liver Iron 0.72 0.62 1.00 -0.48
Concentration
Hemoglobin Levels -0.65 -0.55 -0.48 1.00

The iron overload status category defines that 30% of the individuals in the study exhibit very low
levels of excess iron accumulation and 50% of individuals fall into the category, of having moderate
levels of excess iron in their bodies. This may indicate a greater accumulation of iron than in the
coarse fraction. Severe iron overload category represents the 20% of individuals in the study with the
highest rate of iron over accumulation, indicating a significant and potentially more serious condition
of iron overload.

The Correlation Matrix section represents that Serum Ferritin Level shows a strong effective
correlation (0.85) with Transferrin Saturation. Moderate superb correlation (0.72) with Liver Iron
Concentration. Moderate negative correlation (-0.65) with Hemoglobin Levels. Transferrin Saturation
shows very strong high-quality correlation (0.85) with Ferritin Level. Moderate high-quality
correlation (0.62) with Liver Iron Concentration. Moderate poor correlation (-0.55) with Hemoglobin
Levels. Liver Iron Concentration shows moderate effective correlation (0.72) with Ferritin Level.
Moderate nice correlation (0.62) with Transferrin Saturation. Moderate terrible correlation (-0.48)
with Hemoglobin Levels. Hemoglobin Levels shows moderate negative correlation (-0.65) with
Ferritin Level. Moderate bad correlation (-0.55) with Transferrin Saturation. Moderate bad correlation
(-0.48) with Liver Iron Concentration.

RELATIONSHIP BETWEEN AGE (IN
YEARS) & SERUM FERRITIN LEVELS

AGE ——FERRITIN (ng/mL)

1 2 3 45 6 7 8 91011121314151617 181920212223 24252627 282930
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Mean Serum Ferritin Level

Figure 2.0: Shows the relationship between Age (in years) and Serum Ferritin levels(ng/ml) of
the study participants.
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The serum ferritin level were observed to be high in patients with 10 years of age as depicted in Figure
2.0. The mean serum ferritin level in males was found to be +3691.99 ng/mL and it is comparable to
the mean serum ferritin level in females i.e. £4799.86 ng/ mL. Beta Thalassemia patients showed very
high increase in their serum ferritin levels.

DISCUSSION

Beta thalassemia major is a common hereditary hemoglobinopathy disorder in Pakistan mostly
affecting children. Multiple transfusions over decades have improved the life expectancy of beta
thalassemic patients but excess iron accumulation in the body is still an unavoidable complication
suffered by the patients. Therefore, effective iron chelation therapy and close monitoring of iron
overload is crucial in these patients to improve their quality of life.

The assessment of serum ferritin concentrations in this study has been used to create awareness of
iron excess and its life-threatening conditions in the body. This is why it is also been referred as
“second disease” during treatment because it invades other diseases and complications in the
body(15). Many other studies have concluded that increase in the size of liver and liver cirrhosis is
associated with increase in serum ferritin levels(16).

In our study serum ferritin levels of 155 patients were statistically analyzed. In this study unfortunately
only 20% of the patients had values below 1500 ng/ml ferritin levels. It was reported in a study
conducted in Bhopal, India that 12.5% of participants had serum ferritin levels of less than 1000ng/mi
(17). However, a similar study conducted in Western India reported that only 2% of the patients were
with serum ferritin level less than 1000 ng/ml (18).

Nevertheless another study conducted in Peradeniya Teaching Hospital in Sri Lanka shows that only
15% of the patients had serum ferritin values below 1500 ng/ml which is close enough to our study
(3). Beta thalassemia major patients should maintain their serum ferritin levels below or less than <
1500 ng/ml.

The mean serum ferritin concentration of the patients was 4442 + 2882 ng/ml which is statistically
significant when compared to the normal reference range of ferritin level (19). Normal reference
values of serum ferritin for men and women are 12-300 ng/mL and 12-150 ng/mL, respectively(20).
Therefore, right adherence to iron chelation therapies and close monitoring of iron overload is
obligatory. However, Choudhry VP et al in India reported mean serum ferritin levels to be 6723 ng/ml
even higher than in our study (21). Introduction of iron chelation therapies such as deferoxamine
(DFO), deferiprone (DFP), and deferasirox (DFX) drugs might provide effective management of iron
overload in Pakistani beta thalassemia major patients (22).

Although similar sort of studies conducted in south Asian countries have also reported high mean
serum ferritin levels when compared to the values of this study. It is said that mean serum ferritin
levels reported to be 4236.5 ng/ml, 6723 ng/ml, 3272.5 ng/ml and 2992.2 ng/ml in studies conducted
in Pakistan(15), India (21), Saudi Arabia(23) and Srilanka (3) respectively. Those differences in iron
excess can be explained on the basis of developed and better healthcare facilities in those countries
and also socio background of the patients. The data on comparative mean serum ferritin levels
expressed in ng/ml in different countries across south Asian countries is summarized in table 1.0.
The liver is a major site of iron overload, accounting for 70% or more of the body’s iron content.
Transfusion iron overload of hepatic iron and total body iron correlate closely with total body iron.
Estimation of direct hepatic iron concentration is the most accurate method of estimating iron
overload. However, this method and data were not available in our study. The indirect method with
serum ferritin level measurement was reliable, easy, low cost and had no side effects(24).The
distribution of beta thalassemia gene is not uniform in Pakistan. The highest frequency of f
thalassemia gene is reported as gene carrier rate of 5-7% and roughly a pool of 9.8 million carriers in
the general population (25)
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Table 3.0: Comparative mean serum ferritin levels across different countries in south Asia.

Mean Serum | % of Patients with
Reference Country Ferritin level | Serum Ferritin less
ng/mL than <1000 ng/mL
Shah et al.(3) Western India - 2.00%
Mishra and Tiwaria (3) Bhopal, India - 12.5%
Karunaratna, Srilanka 2992.2 ng/ml -
Ranasingha(3)
Choudhry et al. (21) India 6723 ng/ml -
Riaz et al. (15) Pakistan 4236.5 ng/ml -
Al Jaouni et al. (23) Saudi Arabia 3272.5 ng/ml -
CONCLUSION

This study concludes that 80% of the patients have high mean serum ferritin levels which
consequently leads to iron overload in the body that cause many serious other diseases and life-
threatening complications. There is a strong need to create awareness among the thalassemia patients
on the effects of iron overload in their bodies. Proper iron chelation therapies and close monitoring of
ferritin levels could improve the quality and expectancy of life of these patients. The problems of low
education levels, poverty, and inadequate facilities of healthcare serve as the main stumbling blocks
in productive treatment of iron overload in thalassemic patients which is major cause of morbidity
and mortality in beta thalassemia major.
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LIMITATIONS

The height and weight (consequently leading the body mass index (BMI)) of the patients was not
obtained. The dose and frequency of Deferoxamine (DFX) infusions or any other iron chelation
therapy is not investigated. Due to the small sample size in our study, we may encounter challenges
in defending our interpretations. Hence, it is recommended to consider a larger sample size to conduct
a more comprehensive assessment.
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