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Abstract 
Introduction: Repeated blood transfusions with increased intestinal iron ab-
sorption in thalassemia causes iron overload, catalyzed production of various 
reactive oxygen species subsequently trigger oxidative stress. Endothelial as 
the first organ exposed to reactive oxygen species would suffer a marked in-
crease in adhesion molecule due to endothelial dysfunction that will trigger a 
hypercoagulation. Objective: To investigate the correlation between oxidative 
stress status (malondialdehyde, MDA) and endothelial dysfunction (serum 
Vascular Cell Adhesion Molecule-1, sVCAM) in iron overload pediatric tha-
lassemic patients with hypercoagulation. Methods: A cross-sectional study 
was conducted on thalassemic subjects with inclusion criteria: aged 5 - 14 
years with iron overload who had hypercoagulation based on TEG (Throm-
boelastography) examination. The determination of thalassemia degree was 
based on a Novel scoring system. The correlation between serum MDA and 
sVCAM-1 was analyzed using Rank Spearman, with a significance value of 5% 
and 95% confidence intervals. Results: Nineteen male and twelve female 
children were included in the study. All subjects had pretransfusion Hb < 9 
g/dL and the nutritional status of moderate malnutrition. The results showed 
a moderately positive significant correlation between serum MDA and 
sVCAM-1 levels (p = 0.02, r = 0.416). The results also showed that there was a 
significant difference between serum MDA and thalassemia degree (p = 0.029, 
<0.05), whereas levels of serum MDA in severe degree of thalassemic group 
were higher than in moderate degree group based on analysis using unpaired 
t-test (p = 0.026). Conclusions: Serum MDA level as stress oxidative status 
marker has moderately positive correlation with sVCAM-1 as endothelial 
dysfunction marker in iron overloaded pediatric thalassemic patients with 
hypercoagulation. 
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1. Introduction 

Thalassemia is one of the common forms of hereditary disorders due to abnor-
malities in single genes caused by about 200 mutations in the gene encoding the 
globin chains. On beta-thalassemia, beta globin chain synthesis absent or re-
duced, causing the production of excess alpha chains. Excess alpha chains will 
cause the erythrocytes to become more fragile, easily crushed, thus resulting in 
ineffective erythropoiesis and various degree of anemia [1]. Patients with thalas-
semia major will require repeated blood transfusions to survive due to severe 
anemia [2]. Repeated blood transfusions in major beta-thalassemia and the in-
crease of iron intestinal absorption will cause excess iron accumulation in vari-
ous tissues of the body. As a consequence of the presence of secondary excess 
iron there was production of various reactive oxygen species (ROS). An increase 
of ROS in the erythrocyte will cause oxidative stress [3] [4]. Oxidative stress 
causes lipid peroxidation, characterized by increased levels of malondialdehyde 
(MDA), a well-recognised biomarker of lipid peroxidation. Lipids are a group of 
biomolecules that are most involved in the process of oxidative stress. Chronic 
intravascular hemolysis which occurs in thalassemia is also associated with in-
creased prooxidant factors and proinflammatory endothelial dysfunction, as the 
first organ exposed by the ROS, one of which is characterized by subsequent 
coagulopathy that will cause vasomotor dysregulation and vasculopathy. Endo-
thelial dysfunction characterized by increase in adhesion molecules such as 
sVCAM-1, the only adhesion molecules which expressed by endothelial cells 
only when there is inflammation or infection stimulus [5] [6]. 

Endothelial dysfunction is an early marker to detect cardiovascular disease 
characterized by a decrease in endothelial vasodilatation and also an increase in 
proinflammatory status and prothrombotic components [5] [7] [8]. The hemo-
lysis process which occurs in thalassemia is also directly related to endothelial 
damage. Recent data indicated that chronic intravascular hemolysis had a role in 
the occurrence of endothelial dysfunction [5] [6]. Endothelial dysfunction can 
lead to a hypercoagulable state which can be characterized by the occurrence of 
thromboembolic events. A study of thalassemic patients carried out in the Dr. 
Hasan Sadikin Hospital found 70% of children who experienced a hypercoagul-
able state had no obvious symptoms and might also occur before clinical ma-
nifestations arise [9]. This raised awareness of the presence of chronic hyper-
coagulable state in pediatric patients with thalassemia. Therefore, we decided to 
analyze the correlation between serum MDA which represented oxidative stress 
status and serum sVCAM-1 which represented endothelial dysfunction in iron 
overload (serum ferritin levels > 1.000 µg/L) [3] pediatric thalassemic patients.  
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