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Abstract 

Introduction : Atherosclerosis is asymptomatic and its complications are chronic, slowly progressive and 

cumulative. Serum ferritin tends to increase in β-thalassemia major cases; hence, it can become an indicator 

for premature atherosclerosis. . The risk of atherosclerosis is high in β-thalassemia major cases.  

Objectives : To identify the relationship between serum ferritin and premature atherosclerosis in children with 

β-thalassemia major. This research also provided the prevalence and correlation of premature atherosclerosis 

between serum ferritin level and lipid profile  

Material and Methods : This research was an analytical cross-sectional study in pediatric clinic Haji Adam 

Malik Hospital from July to November 2019. Echocardiography was used to measure carotid intima-media 

thickness, while serum ferritin and lipid levels were measured from laboratory analysis. Data analysis was 

done by using SPSS software. Mann-Whitney test was used to observe the relationship between serum ferritin 

and premature atherosclerosis, and Spearman correlation test was used to observe the correlation between 

serum ferritin and lipid.  

Result : Among 35 research samples, 6 children (17%) suffered from premature atherosclerosis with mean 

CIMT 0.6 ± 0.27 mm. The mean values of triglyceride in patients with and without atherosclerosis were 141 

(SD 41.3) mg/dl and 117 (SD 41.8) mg/dl respectively  (p = 0.203). There was no significant relationship found 

between serum ferritin and premature atherosclerosis in children with β-thalassemia major (p = 0.708). 
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1. Introduction 

Thalassemia is one of the most common genetic disorders in the world. It is caused by the 

inability of bone marrow to form protein needed by the body to produce hemoglobin (Potts and 

Mandleco, 2007). The disease was first discovered simultaneously in the United States and Italy 

between 1925 and 1927. Thalassemia was found to have spread across races in the Mediterranean, 

Middle East, India and to Southeast Asia (Windiastuti et al., 2018).  

Beta thalassemia major is a genetically inherited (autosomal recessive) blood disorder 

characterized by the insufficiency and absence of hemoglobin beta chain synthesis – resulting in 

the decrease in hemoglobin levels in red blood cells, reduction in the production of red blood cells, 

and anemia (Galanello and Origa, 2010). Anemia in β-thalassemia is caused by the reduced 

production and short lifespan of erythrocyte (Arceci, Hann, and Smith, 2006).  
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Nearly all children with homozygous and heterozygous β-thalassemia showed clinical 

symptoms from birth, growth failure, feeding difficulties, recurrent infections, and other general 

weaknesses (Galanello and Origa, 2010). Patients with severe thalassemia and do not receive blood 

transfusions may die at an early age from anemia complications (Batubara, Akib, and Pramita, 

2004). Without blood transfusions at all, children with thalassemia will die at the age of 2 years. 

Children could die due to recurrent infections if they had been suffering from low Hb level. 

Nonetheless, if they lived until puberty, they would suffer from complications due to iron 

accumulation (Windiastuti et al., 2018). 

Regular blood transfusions are able to increase survival rates, but can also result in iron excess 

which can build up in the heart, liver, and endocrine organs. Children who receive adequate 

transfusions may have normal growth and development, and usually without splenomegaly. People 

with thalassemia can have better health status by receiving earlier blood transfusions. However, the 

iron buildup in the body will become another problem (Gursel et al., 2012). The toxicity of iron in 

high doses is due to the ability to react with oxygen molecules and transfer electrons and produce 

intermediate oxygen species, which eventually causes the formation of more reactive radicals. 

These reactive radicals attach lipid, protein, and DNA, causing damages in cells – which will 

eventually appear as organ dysfunctions (Jabbar, Davison, and Muslin, 2007). If chelation therapy 

is effective, children may live normally until puberty and up to adulthood. On the other hand, 

inadequate chelation therapy will gradually lead to iron buildup. The effect will be observable in 

the first decade, such as not achieving adolescent growth spurts, suffering from heart, endocrine, 

and liver complications due to iron overload; including diabetes, hyperthyroidism, 

hypoparathyroidism and progressive liver failure. Furthermore, secondary sexually characteristics 

may appear late or not appear at all (Windiastuti et al., 2018).  

According to the research done in Pakistan by Arshad and Hyder (2009), 70% death of patients 

with β-thalassemia major were due to heart defects (Arshad and Hyder, 2009). Atherosclerosis is a 

slowly progressive disease that begins in childhood, where morphological changes in the blood 

vessel occur and they are characterized by gradual thickening of the tunica intima (Sherief et al., 

2017). Premature atherosclerosis is heart complications, which often occur in children with β-

thalassemia major due to chronic hemolysis and the increase in iron levels in the body (Gursel et 

al., 2012). Most patients with β-thalassemia major have risk of atherosclerosis with no significant 

early symptoms. At subclinical stage or asymptomatic, premature atherosclerosis can be detected 

by measuring carotid intima media thickness (CIMT) using ultrasonography (USG) or 

echocardiography (Dimiati and Lubis, 2014). 

Premature atherosclerosis in children with thalassemia can occur due to dyslipidemia 

(Hassanin et al., 2015). Dyslipidemia is a condition where lipid profile was disrupted due to the 

increase in total cholesterol and LDL levels, decrease in HDL level, and increase in triglyceride 

level (Daniels and Couch, 2014). The condition is caused by plasma dilution due to anemia, increase 

in erythropoiesis activity accompanied by cholesterol uptake by the macrophages and histiocytes in 

reticuloendothelial system, impaired liver functions due to iron buildup, hormonal imbalance, and 

decrease lipolytic activities outside the liver (Amendola, Danise, and Tordisco, 2007). The increase 

in tunica thickness of intima-medica in the carotid artery is associated with the rise in triglyceride 

level and atherogenic index plasma (AIP).  Atherogenic index plasma (AIP) is the marker of 

atherosclerosis process – calculated by the log formula of (triglycerides/HDL). The increase in AIP 

level was observed in Patients with thalassemia. Hypertriglyceridemia also causes the increase in 
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HDL degradation, hence increase the risk of atherosclerosis. Based on the research in Egypt by 

Sherief et al., (2017). Triglyceride level in β-thalassemia major patients increased with the increase 

in serum ferritin level (Sherief et al., 2017). 

There has not been prevalence data for premature atherosclerosis in in β-thalassemia major 

patients in Indonesia. Therefore, this finding became the background of this research, about the 

relationship between serum ferritin and atherosclerosis premature in children with β-thalassemia 

major.  

  

2. Methods 

This research was an analytical observational study with cross-sectional design to assess the 

relationship between serum ferritin and premature atherosclerosis in children with β-thalassemia 

major. This research was conducted in the polyclinic and pediatric inpatient room of Haji Adam 

Malik (HAM) hospital, Medan from July to November 2019. The research samples in this research 

were children with β-thalassemia major who received treatment at the Department of Children 

Medical Faculty Universitas Sumatera Utara – HAM hospital within the research period and met 

inclusion and exclusion criteria. Inclusion criteria were children with β-thalassemia major aged 2 – 

18 years old, with serum ferritin level > 1000 ng/mL, and received blood transfusions for at least 6 

months. Exclusion criteria were children with β-thalassemia major but did not receive blood 

transfusions, smoking and consuming alcohol.  

The research began with the recording of personal data of the research subjects and their 

parents, as well as transfusion frequency and iron chelation therapy used. Blood sampling was done 

to assess serum ferritin and lipid profile. Prior to that, the parents were reminded by phone to have 

their children to fast for 12 hours before the test. Echocardiography examination was performed by 

a consultant pediatric cardiologist.  

 

2.1. Research ethics 

All the parents of the research subjects had given their consent to be involved in the research 

and undergo laboratory assessment, such as lipid profile, serum ferritin level, and echocardiography. 

This research has received approval from the Research Ethics Committee of Medical Faculty, 

Universitas Sumatera Utara and Haji Adam Malik hospital Medan, No 615/TGL/KEPK FK-USU-

RSUP HAM/219. 

 

2.2. Data analysis 

The data recorded was processed and analyzed by using Statistical Package for the Social 

Sciences (SPSS) software. Bivariate analysis was performed to describe sample characteristic data. 

Categorical data was presented in the form of frequency distribution and percentage. While, 

numerical data was presented as average, standard deviation (SD), and minimum and maximum 

values. Spearman correlation test was used to observe the relationship between serum ferritin level 

and premature atherosclerosis, as well as to determine whether or not serum ferritin level has a 

correlation to lipid profile. The significance and confidence interval levels were at 95%. 
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3. Results 

3.1. Research subject data characteristic 

There were 35 children with beta thalassemia major involved in this study, where 19 children 

(54.3%) were male and 16 children (45.7%) were female. The average age of β-thalassemia major 

patients in this research was 9 years old, with 3 and 17 years old as the youngest and oldest age 

respectively. The average body height and weight of the research subjects were 122 cm and 25 kg 

respectively. There were 16 (45.7%) children recorded with bad nutritional status, while 15 of them 

(42.9%) had good nutritional status, and 4 (11.4%) children had poor nutritional status. The 

demographic characteristic of research subjects can be seen in Table 1.  

Table 1. Research subject demographic characteristic 

 

Demographic characteristic n = 35 

Gender, n (%)  

   Male 19 (54.3) 

   Female  16 (45.7) 

Age, average (SD), years old 9.33 (4.10), 3 – 17 

Body height, average (SD), cm 121.69 (21.75), 73 – 175 

Body weight, average (SD), kg 24.64 (10.71), 13 – 63 

Upper arm circumference, average (SD), cm 18.43 (3.64) 

Nutritional status, n (%)  

   Good  15 (42.9) 

   Bad  16 (45.7) 

   Poor  4 (11.4) 

Total cholesterol, average (SD), mg/dl 93.43 (22.14) 

   < 170 mg/dl, n (%) 35 (100) 

Triglycerides, average (SD), mg/dl 123.91 (37.83) 

   < 150 mg/dl, n (%) 27 (77.1) 

   ≥ 150 mg/dl, n (%) 8 (22.9) 

LDL, average (SD), mg/dl 50.26 (15.04) 

   < 110 mg/dl, n (%) 35 (100) 

HDL, average (SD), mg/dl 26.40 (7.99) 

   > 40 mg/dl, n (%) 2 (5.7) 

   ≤ 40 mg/dl, n (%) 33 (94.3) 

Ferritin, average (SD), min-max, ng/ml 2334.06 (1035.88), 1007-5144 

CIMT, average (SD), min-max, mm 0.62 (0.27), 0.07-1.29 

   > 0.8 mm, n (%) 6 (17.1) 

   ≤ 0.8 mm, n (%) 29 (82.9) 

The average total cholesterol was 93 (SD 22.1) mg/dl. The overall cholesterol level of all 

research subjects was < 170 mg/dl. The average triglyceride level was 124 (SD 37.8) mg/dl. There 

were 8 (22.9%) subjects with triglyceride level > 150 mg/dl. All children had LCL level < 110 

mg/dl with an average of 50 (SD 15.0) mg/dl. Meanwhile, 33 (94.3%) children had HDL level < 40 

mg/dl, with an average of 26 (SD 7.9) mg/dl.  
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The average ferritin level was 2334 (SD 1035.8) ng/ml. Based on CIMT size, there were 6 

(17.1%) children without premature atherosclerosis with the average CIMT size of all subjects was 

06 (SD 0.27) mm.  

3.2. Relationship between serum ferritin and premature atherosclerosis 

The average serum ferritin in the group of subjects with CIMT size > 0.8 mm (premature 

atherosclerosis) was 2323 (SD 700.8) ng/ml, whereas in the other group without premature 

atherosclerosis (CIMT ≤ 0.8 mm) the average was 2336.1 (SD 1102.3) ng/ml. The relationship 

between serum ferritin and premature atherosclerosis is presented in Table 2.  

 
Table 2. Relationship between serum ferritin and premature atherosclerosis 

CIMT n Ferritin, average (SD) P 

> 0.8 mm 6 2323 (700.8) 0.714 

≤ 0.8 mm 29 2336 (1102.3)  

Spearman correlation test 

 

By using Spearman correlation test, p value obtained was 0.714 (p > 0.05). Therefore, it was 

concluded that there was no significant relationships between serum ferritin and premature 

atherosclerosis in children with β-thalassemia major 

3.3. Relationship between serum ferritin and lipid profile 

The relationship between serum ferritin level and lipid profile was assessed by using Spearman 

correlation test. There were significant relationships observed, where between serum ferritin and 

total cholesterol, triglycerides, HDL and LDL, with P value 0.982, 0.028, 0.106, and 0.939 

respectively. The data is presented in Table 3.  
 

Table 3. Relationship between serum ferritin and lipid profile 

Characteristic Lipid profile P r 

Ferritin Total cholesterol 0.982 -0.004 

 Triglycerides 0.028 -0.314 

 HDL 0.106 0.278 

 LDL 0.939 -0.013 

Spearman correlation test 

3.4. Lipid profile and atherosclerosis 

Lipid profile in the research subjects was related to atherosclerosis occurrence. In subjects 

with atherosclerosis, the average total cholesterol was 86 (SD 15.5) mg/dl. Meanwhile, in the 

subjects without atherosclerosis, the average total cholesterol was 95 mg/dl, with min 57 mg/dl and 

max 150 mg/dl. The average triglyceride levels in subjects with and without atherosclerosis were 

142 mg/dl (min 103 mg/dl and max 212 mg/dl) and 120 mg/dl (min 102 mg/dl and max 231 mg/dl) 

respectively. The average LDL level in subjects with atherosclerosis was 43 mg/dl (min 30 mg/dl 

and max 57 mg/dl). The average LDL level in subjects without atherosclerosis was 52 mg/dl (min 

25 mg/dl and max 95 mg/dl). As for HDL level, the subjects with atherosclerosis had an average of 

28.5 mg/dl (min 24 mg/dl and max 37 mg/dl), whereas the subjects without atherosclerosis had an 
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average value of 26 mg/dl (min 11 mg/dl and max 46 mg/dl). The differences in lipid profile of the 

research subjects with and without atherosclerosis are presented in Table 4.  

 
Table 4. Lipid profile and atherosclerosis 

Lipid profile 
Premature atherosclerosis 

P* 
Yes (n=6) No (n=29) 

Total cholesterol, average (SD), mg/dl 86 (15.5) 95 (23.2) 0.397 

Triglycerides, average (SD), mg/dl 142 (41.4) 120 (36.7) 0.203 

LDL, average (SD), mg/dl 43 (11.5) 52 (15.3) 0.168 

HDL, average (SD), mg/dl 29 (4.9) 26 (8.5) 0.488 

*T-independent test 

4. Discussion 

Thalassemia is a type of hemolytic anemia that occurs due to disruptions in the synthesis of 

one or more goblin chain derivatives (Debaun, Frei-Jones, and Vichinsky, 2011). People with β-

thalassemia major have risk of suffering from atherosclerosis without significant early symptoms. 

Premature atherosclerosis is a subclinical atherosclerosis occurs at an early age in thalassemia cases 

and eventually develops into coronary heart diseases (Ashar et al., 2015). Endothelial dysfunctions 

are the first anomaly to occur, followed by atherosclerosis process and cardiovascular diseases 

(Roscha and Libby, 2009; Sayed et al., 2012).  

The study done in Egypt by Sherief et al., (2017) reported 57% of male subjects with 

thalassemia, however there were no significant differences between the two gender (P=0.306) 

(Sherief et al., 2017). This result was also supported by other study done by Gursel et al., (2012) in 

Turkey, where 58% of male subjects were reported to be with thalassemia with P value 0.37 (Gursel 

et al., 2012). In this research, over half of the subjects (54.3%) with thalassemia were male. 

However, there were no significant differences between gender and β-thalassemia major.  

Sherief et al., (2017) reported the average age in their research study was 9.5 (SD 3.7) years 

old (Sherief et al., 2017). This result was almost similar to the study by Gursel et al., (2012), who 

reported the average age of 10.84 (SD 4.38) years old in their research subjects with thalassemia 

(Gursel et al., 2012). In this study, the average age of thalassemia research subjects was 9 (SD 4.1) 

years old. The study done by Tantawy et al., (2009) in Egypt reported the correlation between CIMT 

and age with P value 0.03, where there was a size increase by 0.07 mm per 10 years of age increase 

(Tantawy et al., 2009).  

The research done by Sherief et al., (2017) reported the average height of research subjects 

was 114.44 cm (Sherief et al., 2017). A different study by Gursel et al., (2012) reported the average 

body height of the research subjects in their study was 129.44 cm (Gursel et al., 2012). In this study, 

the average body height of the research subjects was 122 cm. However, in this study, there was no 

comparison of body height between patients with and without thalassemia.  

As for nutritional status, Sherief et al., (2017) reported that subjects with bad nutritional status 

had average BMI 18.1 (SD 2.2) kg/m2. However, there was no significant relationship statistically 

(P=0.191.6). Similarly, Gursel et al., (2012) reported average BMI 17.34 (SD 3.03) kg/m2 and there 

was no significant relationship between nutritional status and thalassemia (P=0.24). In this research, 

the highest recorded nutritional status of the research subjects was at bad level (45.7%). Subjects 
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with bad and poor nutritional status in this study were found with organomegaly and upper arm 

circumference of less than 5-percentile. 

This study reported 17% incidence of premature atherosclerosis in β-thalassemia major cases 

with an average CIMT of 1.03 mm. This result was almost similar to the study done by Abaza et 

al., (2017) in Egypt, in which premature atherosclerosis incidence was reported to be at 19% and 

the average CIMT was 0.8 (SD 0.16) mm (Abaza et al., 2017). The study by Gursel et al., (2012) 

in Turkey showed a significant increase in CIMT level in the study group compared to the control 

group – 0.56 (SD 0.06) mm against 0.48 (SD 0.05) mm, P<0.001 (Gursel et al., 2012). The research 

done by Tantawy et al., (2009) showed the average CIMT in patients with thalassemia was 0.73 

mm, which was higher than the average in control group at 0.63 mm (Tantawy et al., 2009). Risk 

factors for atherosclerosis were hypercholesterolemia, hypertension, diabetes, smoking, family 

history of premature coronary heart disease, and endothelial dysfunctions (Davignon and Ganz, 

2004). 

The mechanism of the thickening of carotid tunica intima blood vessel was associated with 

the rise in triglyceride level, which occurred due to plasma dilution as the result of anemia and 

increase in erythropoiesis activities (Amendola, Danise, and Tordisco, 2007). Dyslipidemia in 

thalassemia patients was characterized by low levels of total cholesterol, HDL, and LDL, whereas 

higher triglyceride level than normal individuals (Mansi and Aburjal, 2008). A past study by Al 

Quobaili and Asali (2004) in Syria showed an increase in triglyceride level in β-thalassemia major 

patients (Al Quobaili and Asali, 2004). Another study in Iran by Sham et al., (2010) reported higher 

triglyceride level in thalassemia patients than control group (Sham et al., 2010). However, the study 

done by Maioli et al., (1984) and Haghpanah et al., (2010) reported no significant differences 

between triglyceride leveIs in thalassemia patients and healthy population (Maioli et al., 1984 and 

Haghpanah et al., 2010). In this research, the average triglyceride levels in thalassemia patients with 

and without atherosclerosis were 141 (SD 41.3) mg/dl 117 (SD 41.8) mg/dl respectively, with 

P=0.203. There was no increase in triglyceride level in the atherosclerosis group. This could be 

observed from the minimum and maximum levels of triglyceride in atherosclerosis group, which 

were 103 mg/dl and 212 mg/dl respectively. Therefore, not all patients with thalassemia and 

premature atherosclerosis had high triglyceride level in the research.  

This research obtained low total cholesterol, LDL and HDL levels in subjects both with and 

without atherosclerosis. The average cholesterol level in this study was 86 (SD 15.5) mg/dl and 95 

(SD 23.3) mg/dl in the groups with and without atherosclerosis respectively. The decrease in 

cholesterol level in thalassemia patients was related to the increase in erythropoiesis activities, 

which caused cholesterol uptake by the macrophages and histiocyte in the reticuloendothelial 

system. Hence increased the need in cholesterol. Moreover, it could happen due to the excess iron 

and oxidative stress (Ragab, Safan, and Sherif, 2014; Sherief et al., 2017).  

The average LDL levels in this research were 43 (SD 11.5) mg/dl and 52 (SD 15.3) mg/dl in 

the subjects with atherosclerosis and without atherosclerosis respectively. This is similar to the 

study done by Maioli et al., (1984) and Sherief et al., (2017) in Italy and Egypt respectively, where 

they stated the decrease in LDL level in thalassemia patients (Maioli et al., 1984; Sherief et al., 

2017). The average HDL levels in this study were also low in both subject groups with 

atherosclerosis (29 (SD 4.9) mg/dl) and without atherosclerosis (26 (SD 98.5) mg/dl). One of the 

lipid profiles that shows pro-atherogenicity was low HDL value, which was a prognostic factor in 

the risk of heart defects (Mansi and Aburjal, 2008). This is aligned with the study done by Ashar et 
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al., (2015) in Pakistan, which was the first research to observe lipid level in β-thalassemia major 

patients. The result showed low levels of total cholesterol, LDL, and HDL levels in those patients, 

along with the increase in triglyceride level and TC : HDL ratio (Ashar et al., 2015). This could 

happen because a few mechanisms, such as plasma dilution from anemia, increase in erythropoiesis 

causing cholesterol uptake by the macrophages and histocytes in the reticuloendothelial system, 

heart disruptions from iron overload, macrophage activities with the release in cytokines, and 

hormonal disorders (Al Quobaili and Asali, 2004; Chrysohoou, Panagiotakos, and Pitasavos, 2004; 

Haghpanah et al., 2010).  

The average serum ferritin in this study was 2334 (SD 1035.8) ng/ml, where 6 subjects with 

atherosclerosis had serum ferritin level of 2323 (SD 700.9) ng/ml and 29 subjects without 

atherosclerosis had serum ferritin level of 2336 (SD 1102.4) ng/ml. The P value obtained was 0.708 

(P>0.05), hence no significant relationships were observed between serum ferritin and premature 

atherosclerosis in children with β-thalassemia major. The study done by Cheung, Chow, and Chan 

(2006) stated that ferritin level was not correlated to the degree of artery thickness and endothelial 

dysfunctions in thalassemia cases. Low correlation between iron storage in the liver and ferritin 

level was found in patients receiving iron chelation therapy (Cheung, Chow, and Chan, 2006). The 

study done by Gursel et al., (2012) reported no relationship between serum ferritin level and CIMT 

in both study and control groups. The result of the study showed that the accumulation of iron in 

cellular level was more important than high ferritin level in the development of atherosclerosis 

(Gursel et al., 2012). The study done by You, Archacki, and Angheloiu (2003) showed the 

expression of ferritin chain was significantly more pronounced in atherosclerosis coronary arteries 

than in normal arteries (You, Archacki, and Anghekoiu, 2003). In β-thalassemia major patients, 

pathological accumulation of iron may contribute to the development of atherosclerosis (Gursel et 

al., 2012). High content of iron and free radicals had higher risk of atherosclerosis incidence than 

the increase in ferritin level (Anca, Arica, and Ozer, 2010).  

This research was the first to be done in Indonesia to assess the correlations between thickness 

of CIMT as well as serum ferritin and premature atherosclerosis, although the results were 

indicating weak significance. Nonetheless, this could become a reference for further studies to find 

other methods to determine the iron storage in the bodies of β-thalassemia major patients as 

guidance for the appropriate iron chelation therapy. Moreover, to increase the awareness to 

cardiovascular diseases.  

 

5. Conclusion 

Serum ferritin level did not have a significant relationship with premature atherosclerosis in 

β-thalassemia major patients. 
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