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Abstract

Thalassemia is one of the most common genetic diseases, and beta-thalassemia major is its severe
form. The present study deals with the analysis of liver function, estimation of important serum ions
and hematological characteristics in beta-thalassemia patients and controls. The study included 54
patients with beta-thalassemia major each matched with 54 healthy individuals of corresponding sex
and age. The levels of alanine transaminase (ALT), alkaline phosphatase (ALP) and aspartate
transaminase (AST) were assessed in order to evaluate the liver function. Hemoglobin (Hb), ferritin,
hematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean
corpuscular hemoglobin concentration (MCHC), creatinine and uric acid level were also measured.
Importantly, beta-thalassemia patients had higher ALT (P < 0.001), AST (P < 0.05), and ALP (P <
0.001) levels and lower creatinine levels (P < 0.001) compared to healthy controls. Higher iron levels
(P > 0.05) were found in patients compared to healthy individuals. Hematological parameters such as
Hb (P < 0.001), ferritin (P < 0.05), HCT (P < 0.001), MCV (P < 0.05), MCH (P < 0.05), except
MCHC (P > 0.05) significantly measured in patients. A great difference was observed between the
patients and the control group for uric acid (P < 0.05). Our study showed differences in liver function,
renal function, serum iron content, and hematological characteristics between beta-thalassemia
patients and controls.
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Introduction

Thalassemia is a group of inherited blood disorders characterized by decreased synthesis or complete
deficiency of one or more of the globin chains, leading to diverse clinical presentations (1). Each year
60,000 children are born with thalassemia wherein; 80% of those youngsters are born in Asian
countries (2). On the basis of affected globin chain and specific alterations in amino acid sequence,
thalassemia is categorized into alpha (a-), beta (B-), 8p- and dBy- thalassemia (3). Among these types,
beta-thalassemia is the most common form specifically resulting from defect in the production of the
beta globulin chain and can range from clinically silent, mild to severe cases requiring regular blood
transfusions (4,5). The affected individuals are unable to produce enough healthy red blood cells due
to different mutations in the B globin genes, most of which involve single nucleotide substitutions,
deletions, or insertions of oligonucleotides leading to frameshift mutations. In rarer cases, B-
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thalassemia results from gene deletions and severity of the condition can be influenced by the type of
mutation (4,6). There are three main forms of B-thalassemia syndromes based on clinical and
hematologic severity: B-thalassemia carrier (trait) state, thalassemia intermedia (non-transfusion-
dependent thalassemia/ thalassemia minor), and thalassemia major (transfusion-dependent
thalassemia/ thalassemia major) with unresolved laboratory issues (2). This inherited blood disorder
is characterized by a decrease in (B*) or absence of (B°) the B globin chains of the hemoglobin (Hb)
tetramer (6). These unstable a-globin molecules can be harmful, causing damage to the cells and
impairing the production and survival of new red blood cells. This leads to ineffective production of
red blood cells and their premature destruction, resulting in anemia and reduced lifespan of red blood
cells (7). The body responds to the chronic anemia caused by thalassemia by increasing the production
of a hormone called erythropoietin, which stimulates the formation of red blood cells.

However, this can lead to complications such as bone marrow expansion and the formation of blood
cells outside of the bone marrow (8). Iron overloading can also occur causing delayed growth,
endocrine system disorders, hypothyroidism, progressive liver failure, and kidney failure. Excessive
iron, among other trace metals, is implicated in causing oxidative damage to red blood cells due to
the generation of free radicals. The unidirectional nature of iron metabolism in humans means that
excess iron is deposited in vital organs such as the heart, liver, spleen, and endocrine organs (1,4,9).
In children over 12 months of age, B-thalassemia diagnosis is confirmed by observing specific blood
characteristics such as small and pale red blood cells, iron overloading, irregularly shaped red blood
cells with some having nuclei when viewed under a microscope, and reduced or lack of hemoglobin
A (HbA) along with higher levels of hemoglobin A2 (HbA2) and frequently hemoglobin F (HbF)
during testing of hemoglobin (10).

It is particularly prevalent in the eastern and southwestern provinces of Saudi Arabia, where
consanguineous marriages exceed 50%. In Pakistan, around 5,000 cases of thalassemia are diagnosed
annually, with a carrier rate of approximately 5-8%. Currently, there is no national screening program
in place to detect the presence of the B-thalassemia trait in Quetta, Baluchistan, although a few studies
have been conducted (11,12). The incidence of the disease can be limited by testing asymptomatic
individuals for carrier genes and genetic counseling (13). Newborn screening and prenatal diagnosis
are crucial for patient management (14). Moreover, the diagnosis and prognosis of patients can be
improved by identifying specific markers. In this research, hematological parameters along with
ferritin levels, liver function and renal function markers of beta-thalassemia patients and healthy
individuals are compared to evaluate their significance in the pathology of beta thalassemia.

METHODOLOGY

A total of 54 beta-thalassemia patients and 54 controls were included in this study. Patients with beta
thalassemia ranged in age from 6 months to 12 years. The control group consisted of healthy children
from the age of 5 to 12 years. Informed consent was obtained from the patients and they had the right
to withdraw from the study at any time. The research protocol was approved by the Ethics Committee
of the Sundas Foundation, Lahore. Patients were interviewed by trained staff using a standardized
questionnaire (interviews were conducted with the infant's parents, but the other parents were
interviewed in person).

All patients underwent a regular blood transfusion program and received deferoxamine (DFO) as a
chelating agent. Moreover, participants had hematological signs of beta-thalassemia such as severe
hypochromic anemia, mean corpuscular volume (MCV) <75 fl, and electrophoretic detection of
hemoglobin A2 (>3.5% of total hemoglobin). The presence of the disease was also evaluated by
genetic analysis, which confirmed the absence or decreased synthesis of alpha or beta chains in
hemoglobin.
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Sampling

All samples were collected from patients under standardized conditions. A standardized questionnaire
was used to obtain information on age and education. Data and blood samples were collected over a
period of 8 months (March 2023 to December 2023). Under sterile conditions, approximately 3 mL
of blood was collected by venipuncture in a vial with EDTA. An aliquot (2.0 mL) of blood was
collected, transferred to another tube, mixed well, and stored at -20°C until the blood count was
completed. The tube containing the remaining 3 mL blood sample was then centrifuged at 3000 rpm
for 15 min and plasma samples were collected in an eppendorf tube using a Pasteur pipette. For further
use, the sample was stored at -20 °C until further use (15).

Biochemical tests

CBC was performed for each sample using an XP-300 (Sysmex) following the manufacturer
instructions (16). Other hematological parameters, including hemoglobin (Hgb), hematocrit (HCT),
RBC count, and mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean
corpuscular hemoglobin concentration (MCHC), and red cell indices were also analyzed. Alanine
transaminase (ALT), alkaline phosphatase (ALP) and aspartate transaminase (AST) activities were
assessed using Cobas C Il (Roche) according to the manufacturer instructions (17). Uric acid and
creatinine levels were measured by Cobas C I11 (Roche) according to the manufacturer instructions
(18,19). Serum ferritin levels were measured by the architect (Abbot) according to the manufacturer
instructions (20).

Statistical analysis
Results were statistically analyzed using SPSS v 16.0 to find mean and standard error (£ S.E.) and P
value.

Results

There was a decrease in Hb (P < 0.001), HCT (P < 0.001), MCV (P < 0.05) and MCH (P < 0.05)
values in beta-thalassemia sufferers in comparison to controls as shown in Figure 1. The creatinine
level (0.4 £ 0.2 pg/dL) was significantly lower (P < 0.001) than the control group. A significant
difference among patients and the control group was observed for uric acid (P < 0.05), indicating the
renal dysfunction and requiring greater superior evaluation (Figure 2). ALT, AST, ALP levels (Figure
3) in patients with beta-thalassemia are significantly one of a kind (P < 0.001, P < 0.05, P < 0.001,
respectively) when compared with control groups, as shown in Table 1.

Table 1 Haematological and biochemical parameters in g-thalassemia major patients.

Parameters (Unit) Beta-thalassemia Control P value
Mean = SD Mean = SD

Hb (g/dL) 7.2+15 13+14 P <0.001
Ferritin (ug/L) 1249 +59 2 45+ 17 P<0.05
HCT (%) 215+5.3 38£6.2 P <0.001
MCV (um?®) 70£95 8011 P <0.05
MCH (pg) 23.8+3.8 28+5 P <0.05
MCHC (g/dL) 34.1+28 36.7 £ 4.6 P >0.05
ALT (IU/L) 81.5+26.8 20+£5.7 P <0.001
ALP (IU/L) 257.5+51.1 136 £29.8 P <0.001
AST (IU/L) 74.8+21.7 16.3+4.1 P <0.05
Creatinine (ug/dL) | 0.4+0.2 0.85+0.26 P <0.001
Uricacid (mg/dL) |53+1.2 3.2+0.7 P <0.05
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Hematological parameters
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Figure 1. Comparison of hematologic parameters between normal individuals and beta thalassemia
major patients.
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Figure 2. Renal function tests comparison between normal individuals and beta thalassemia major
patients.
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Figure 3. Liver function test comparison between normal individuals and beta thalassemia major
patients.
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Discussion

Thalassemia syndromes are a collection of hereditary and extreme problems caused by the alterations
in thalassemia or hemoglobin Lepore genes in infancy or adolescence. Beta-thalassemia, one of the
most not unusual genetic disorders in Asia (8,21), and most of the arena, has already drawn the
attention of medical research (22,23). B thalassemia is observed with metabolic dysregulation, iron
overloading, continual hypoxia and cell harm. All physiological modifications bring about ineffective
erythropoiesis, hemolysis and anemia. Most sufferers are dependent on transfusion and bone marrow
transplantation for their survival. Even though patients are actually handled with bone marrow
transplantation, most of the sufferers nevertheless depend on transfusions. Normal transfusions and
chelation remedy have improved the life span of these patients (24). A higher level of serum AST,
ALT and ALP in patients with beta-thalassemia indicates abnormal muscle and liver function. There
Is a positive correlation between serum concentrations of ALT (r = 0.315) and AST (r = 0.291) and
serum ferritin levels in patients with beta-thalassemia patients compared to control (25). The high
creatinine level indicates very low functioning capacity of the kidney, although it needs further
evidence to substantiate the present study. All hematological parameters including Hb, HCT, MCV
and MCH except MCHC were found to be significantly (P< 0.001, P< 0.001, P< 0.05, P< 0.05,
respectively) lower than the control (26,27).

Clinical data confirm that the decrease of the haemoglobin level is accompanied by a decrease in the
number of erythrocytes and diminished values of their specific indexes (MCV, MCH, HCT, etc). An
increase in serum iron and ferritin level in beta-thalassemia patients have been observed in this study,
which is consistent with several other studies (28). In case of patients with beta-thalassemia, absence
of beta globin chains leads to accumulation of unpaired alpha globin chains. The excess presence of
alpha globin chains is a primary reason for cellular oxidative damage and also iron overload. A higher
ferritin content was directly linked to the accumulation of reactive iron in the tissues of these patients.
Iron overload starts another pathological mechanism leading to oxidative damage of erythrocyte
membranes, the so-called "second disease"(29).

Conclusions

A significant correlations between elevated serum levels of AST, ALT, ALP, and ferritin in beta-
thalassemia patients has been observed which is an indicative of abnormal liver and muscle function,
as well as iron overload. Furthermore, the observed decrease in hematological parameters such as Hb,
HCT, MCV, and MCH signifies the impact of beta-thalassemia on erythrocyte indices. Moreover,
renal dysfunction, as evidenced by elevated creatinine levels, necessitates further investigation to
fully understand its implications in these patients.
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