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from a lack of globin chains. Ischemia-modified albumin (IMA) is a variant of the albumin protein that
is produced in response to oxidative stress. It serves as a blood biomarker for tissue damage and
myocardial ischemia. Cardiovascular disease is a widespread global health issue that results in
mortality. In order to effectively prevent disease progression and administer appropriate treatment, it is
crucial to diagnose the condition in its early stages by examining the extent of cardiac damage.
Objective: to quantify the levels of IMA in patients with B-thalassemia major (B-T) and compare them
to those of healthy individuals. Additionally, we aim to evaluate the correlation between IMA levels
and BNP.

Methods: Sixty participants were enrolled in this study in order to assess their serum IMA levels. 30
Beta-Thalassemia Major patients and 30 healthy individuals were included in this investigation, all of
whom showed no signs of heart disease. The ELISA method was employed to determine the levels of
serum IMA and BNP.

Results: Serum IMA and BNP increased in Beta-Thalassemia Major patients when compared with
control healthy subjects (P < 0.001). There was no correlation between serum IMA and BNP in the
patients’ group.

1. INTRODUCTION

Beta thalassemia is a condition where there are

Thalassemia is a prevalent global disease
characterized by the fast breakdown of red blood cells.
To sustain their red blood cell count, patients must
undergo regular blood transfusions. Regular blood
transfusions,  nevertheless, result in  excessive
accumulation of iron in the body, which can give rise to
issues such as osteoporosis, diabetes, cardiovascular
disease, and renal disease [1]. Thalassemia is mainly
classified into two types: alpha-thalassemia and beta-
thalassemia. Beta-Thalassemia is categorized into
major, moderate, and mild forms according to clinical
criteria [2].
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abnormalities in the production of the beta chains of
hemoglobin. This can lead to a range of symptoms,
from severe anemia to individuals who show no clinical
symptoms. The global vyearly prevalence of
symptomatic persons is believed to be 1 in 100,000,
while in the European Union, it is predicted to be 1 in
10,000. Three primary forms have been identified:
thalassemia minor, thalassemia intermedia, and
thalassemia major [3].

Beta thalassemia major patients if untreated
leads to increase cardiac output that results in left
ventricular hyperatrophy end with heart failure. Iron
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overload will result in peroxidationand cellular injuries.
Also, cardiac arrhythmia like atrial fibrillation,
ventricular ~ tachycardia  and superaventricular
tachycardia are increased because of increased cardiac
siderosis [4]

Ischemia Modified Albumin IMA is a new
marker that indicates the presence of oxidative stress
and tissue ischemia. The pathophysiological events of
ischemia, such as the presence of reactive oxygen
species and lack of oxygen, result in a structural
alteration of albumin at the N-terminus [5].

Elevated levels of ischemia-modified albumin
(IMA) can be an early sign of permanent necrosis in
cardiomyocytes. When comparing the biochemicals
associated with myocardial injury in patients with acute
coronary syndrome, specific markers can be detected at
an earlier stage and with higher sensitivity than other
compounds. IMA levels also increase during myocardial
ischemia-reperfusion injury, which is associated with
oxidative stress resulting from both cardiac and non-
cardiac events [6].

B-type natriuretic peptide (BNP) is a cardiac
hormone secreted by the myocardium of the left
ventricle in response to increased pressure or volume in
the heart. BNP stimulates sodium excretion and causes
the narrowing of blood vessels to control the amount of
blood and the pressure within it. Elevated BNP levels
are observed as the left ventricular function worsens [7].

2. MATERIALS AND METHODS
2.1 Patients and Control

The samples collected at the beginning of the
study were 60 subjects selected with an age range (18-
30 years) living in Baghdad; each patient completed a
questionnaire sheet that included the following
information: code number, name, age, gender, date,
address, ethnicity, family history of thalassemia, weight,
length, and medical history. In this cross sectional study
was performed in the Ibn Albaladi Center of Blood
Diseases (during the period from 1st of March 2023 to
the end of August 2023). These subjects were divided
into two groups: 30 Beta-Thalassemia Major patients
without any symptoms of heart dysfunction, and 30
normal subjects. Patients with cardiovascular disease
were excluded in this study. Consent has been acquired
from all patients and healthy volunteers, or their
parents, for this study, and it was publically
acknowledged.

2.2 Statistics

Continuous data were described as meant SD
(Standard Deviation). The student's t-test has been used
to examine and compare the means of the markers and
variables between the patients and control group. A
Pearson correlation analysis was conducted to determine
if there was a significant association between the

parameters. The alpha level for statistical significance
was set to p < 0.05. Statistical analysis was measured
using the program MedCalc version 19.6.1

2.3 Blood Sampling

Blood samples collected from subjects before
the blood transfusion in the morning at 8:00 a.m- 11:00
a.m. The sample was obtained by collecting blood from
the vein using a 10 ml disposable syringe. The
collected sample was then placed in tubes that contained
a gel, which aids in the separation of serum. Blood kept
in gel tubes was allowed to clot at 37°C approximately
at 10 min and then centrifuged at 2000 Xg for 15 min
then the serum was divided and stored at (-20°C) by
using sterilized eppendrof tubes, 0.5ml of serum used
until analysis Serum IMA and Serum BNP.
Determination of Serum IMA and BNP by enzyme -
linked immunosorbent assay (ELISA) Kkits which are
sandwich enzyme immunoassay for in vitro quantitative
measurement [Ischemia-Modified-  Albumin-(IMA)-
CEAB825Hu and Brain Natriuretic Peptide (BNP)-
CEA541Hu Cloud-Clone Corp (USA).

3.RESULTS

Demographic characteristics of the p-Thalassemia
major Group (n = 30) and control subjects (n =30)
enrolled in the present study are shown in Table (1).
There was no significant difference in the frequency
distribution of individuals according to sex between beta
thalassemia major and control group, with 17 (57.0 %)
and 13 (43.0 %) males and females in each group.

In Table 1 and Figure 1, the Mean£SD for age
across the groups was statistically similar, as indicated
by the p-value of 0.987.
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Figure 1. Means of age by Groups with 95.00% CI Error Bars
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TABLE 1. Demographic and laboratory data among f-
thalassemia major (B-TM) and controls groups

No correlation exists between Age, IMA and BNP as
shown in TABLE 2

TABLE 2. Correlation matrix (Pearson) / Group Group B:

parameter Controls B-Thalassemia P value
(n=30) Major  (B-TM)
(n=30)
Male 17/30 17/30 1
13/30 13/30 1
Female
Age 22.83+2.03 22.67+4.78 0.987
(Years)
IMA 2310.63+ 7834.33+ <0.001
ng/mL 1490.97 993.00
BNP 96.63+ 361.63+74.72 <0.001
(pg/mL) 16.13

Variables Age BNP IMA
Age 1 0.08 0.1
BNP 0.08 1 -0.23
IMA 0.1 -0.23 1

Note: Each parameter's mean and standard deviation (Mean+ SD) are
provided, along with the p-value indicating the significance of the
differences between the groups.

In the case of S.IMA, B-Thalassemia Major (j-
TM) Group demonstrates the highest Mean+SD value
7834.33+181.30 (ng/mL), against the control Group
with 2310.63+£272.21(ng/mL). The p-value< 0.001,
indicating significant differences between the groups,
Figure 2.
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Figure 2. Means of IMA by groups with 95.00% CIT error bars

In this study, it was shown that BNP levels were
elevated in the B-TM group had Mean+SD
(361.63+74.72 pg/mL) compared with the healthy
control group had MeantSD (96.63+16.13 pg/mL).
exhibit significant differences with p-value < 0.001,
Figure 3.
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Figure 3. Means of BNP by Groups with 95.00% CI Error Bars

4. DISCUSSION

This study showed no significant difference in
distribution between male (57.0 %), female (43.0 %)
patient and control groups. Brain (B-type) natriuretic
peptide (BNP) is a neurohormone that is produced and
released by the heart ventricles when there is an increase
in wall tension. The level of this factor is elevated in
patients suffering from heart failure, myocardial
infarction, and unstable angina. The extent of the
increase is directly related to the severity of left
ventricular (LV) dysfunction. However, other illnesses
can cause elevated BNP levels, either cardiac, such as
acute coronary syndromes, pulmonary embolism,
tachyarrhythmias, and cardioversion, or non-cardiac,
such as anemia [8].
This study demonstrated that thalassemia patients in the
Group had higher BNP levels than the healthy control
group. The results are comparable to those reported
by(Mohammed et al 2019) [9].
The most important complications in patients with beta
thalassemia major are cardiomyopathy and various
types of arrhythmias.in patients with beta thalassemia
major anemia leads to increase cardiac output that
results in left ventricular hyperatrophy end with heart
failure. Iron overload will result in peroxidationand
cellular injuries. As results of iron overload that cause
left ventricular cardiomyopathy. Also, cardiac
arrhythmia like atrial fibrillation ventricular tachycardia
and superaventricular tachycardia are increased
according to increased cardiac siderosis [4].
The main causes of cardiomyopathy in patients with
thalassemia are increasing intestinal absorption of iron,
hemolysis, and lifelong blood transfusions. When
intracellular iron increases, it is metabolized, releasing
reactive oxidative species, which damage the cell
membrane, and interfere with the respiratory chain in
the mitochondria resulting in cardiotoxicity [10].
Serum IMA of B-TM patients Group was significantly
higher than that of control group. Previous studies had
shown that children with p-Thalassemia had
significantly greater levels of IMA compared to healthy
controls [11].
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Albumin is a highly prevalent protein found in the
bodies of mammals. Its characteristics undergo
alterations during ischemia events that are linked to
oxidative stress, acidosis, and the generation of reactive
oxygen species. Under these circumstances, the
presence of ischemia leads to the production of IMA,
which has a diminished ability to bind to metals,
particularly transition metals [12].

Iron overload in thalassemia leads to elevated levels of
reactive oxygen species (ROS), which significantly
contribute to the formation of intramolecular aggregates
(IMA). Recently, it has been discovered that IMA is a
final result of oxidative stress. Higher concentrations of
IMA may indicate a state of oxidative stress that affects
the entire body rather than being limited to a specific
organ. Studies have shown that persons with
thalassemia have a reduced ability to counteract the
harmful effects of oxidants. Thus, it is imperative to
utilize efficient iron chelators in order to eliminate the
harmful iron ions and prevent oxidative harm to the
essential organs [11].

In addition, recent laboratory studies have
shown that the production of hydroxyl radicals (+OH)
through the Fenton reaction is linked to a sudden
increase in the concentration of IMA. Based on
these data and considering the presence of oxidative
stress, increased formation of reactive oxygen species
(ROS), reduced antioxidant defense systems, hypoxia,
and anemia in thalassemia patients, it is reasonable
to expect higher levels of ischemia-modified albumin
(IMA) in these individuals. The primary factors that
are most likely responsible for the alteration of the N-
terminus of serum albumin and the subsequent increase
in levels of IMA in thalassemia patients are iron-
induced oxidative stressors in conjunction with chronic
anemia and hypoxia [13]. The increase in B-type
natriuretic peptide (BNP) and ischemia-modified
albumin  (IMA) in thalassemia patients without
cardiac dysfunction could be due to a higher degree of
cardiac strain and injury,which leading to elevated
levels of these biomarkers without any symptoms of
heart dysfunction [14]. This could stem from factors
such as chronic anemia, increased iron deposition, or
other complications [15].
non-cardiac factors such as inflammation, oxidative
stress, and endothelial dysfunction may play a more
prominent role in elevating these biomarkers in patients
without cardiac dysfunction. These factors can
contribute to myocardial injury and dysfunction [16].

5. CONCLUSION

Iron overload and oxidative stress pathways in f3-
TM patients led to higher levels of IMA. Elevated levels
of IMA (ischemia-modified albumin) and BNP (B-type
natriuretic peptide) in B-thalassemia major (B-TM)
individuals who show no signs of cardiac failure could

be a significant signal. This abnormality may arise
during the early stages of heart disease.
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