
1

Copyright by authors. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-BY 4.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Folia Medica 67(2)
DOI: 10.3897/folmed.67.e143457

Original Article

Transfusion frequency, ferritin, and carotid 
intima media thickness in transfusion-
dependent thalassemia patients
Rahmat Cahyanur1,2, Muhammad Ikhsan1, Shabrina Tadjoedin2, Devi Nurfadila Fani3 
1 Department of Internal Medicine, Faculty of Medicine, Universitas Indonesia – Universitas Indonesia Hospital, Indonesia
2 Department of Internal Medicine, Faculty of Medicine, Universitas Indonesia
3 Functional Medical Unit, Universitas Indonesia Hospital, Indonesia

Corresponding author: Rahmat Cahyanur, Division of Hematology–Medical Oncology, Department of Internal Medicine, Faculty of Medicine, Uni-
versitas Indonesia, Salemba St No. 6 Central Jakarta, 10430, Indonesia; Email: rahmat.cahyanur01@ui.ac.id; Tel.: 08159331595

Received: 4 December 2024 ♦ Accepted: 6 March 2025 ♦ Published: 4 April 2025

Citation: Cahyanur R, Ikhsan M, Tadjoedin S, Fani DN. Transfusion frequency, ferritin, and carotid intima media thickness in transfu-
sion-dependent thalassemia patients. Folia Med (Plovdiv) 2025;67(2):е143457. doi: 10.3897/folmed.67.e143457.

Abstract
Introduction: The carotid tunica intima-media thickness (cIMT) is an early marker of atherosclerosis and associated with an increased 
risk of cardiovascular diseases. Endothelial dysfunction also contributed with the increased cardiovascular risk in thalassemia caused by 
iron accumulation, reduced nitric oxide, and increased lipid peroxidation. Studies about atherosclerosis markers in thalassemia patients 
show inconsistent results. 

Aim: This research assesses cIMT in transfusion-dependent thalassemia patients and examines its relationship with clinical and labora-
tory parameters.

Materials and methods: This was a cross-sectional study that was conducted from March to May 2024, in the Therapy and Thalas-
semia Clinics, Universitas Indonesia Hospital. Ultrasound cIMT measurements were recorded for both the left and right distal common 
carotid artery walls, 5 mm proximal to the bifurcation. The cIMT diameters were collected from each wall and mean thickness values 
from both sides. 

Results: This study included 25 adult thalassemia patients who were diagnosed with transfusion-dependent thalassemia. Most subjects 
were male, with a median age of 25 years, and had an underweight BMI. Patients with underweight BMI had thicker cIMT, both in mean 
and maximum diameter (p=0.008 and p=0.011, respectively).

Conclusion: Additionally, a transfusion frequency of ≥3 per month had a greater maximum diameter cIMT (p=0.046). A moderate 
positive correlation was observed between average ferritin levels and maximum intima-media thickness (r=0.402, p=0.046).
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Introduction

Pre-clinical atherosclerosis had higher stroke and cardio-
vascular (CV) morbidity. Carotid tunica intima-media 
thickness (cIMT) is a marker of subclinical organ damage 

and is an independent predictor of CV risk. A study had 
reported that cIMT had higher sensitivity in detecting sub-
clinical atherosclerosis compared with coronary calcium 
score.[1] Carotid tunica intima-media thickness is also as-
sociated with traditional CV risk factors, such as age, sex, 
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smoking, dyslipidemia, and obesity.[1] The measurement of 
cIMT is a non-invasive and easily performed procedure us-
ing B-mode ultrasound of the carotid artery in the neck.[2] 
Identifying early atherosclerosis marker give opportunity 
for early intervention in high-risk CV subjects, including 
transfusion-dependent thalassemia patient.[3]

Cardiovascular disease is the most common cause of 
morbidity and mortality in thalassemia patients. Cardiac 
abnormalities are primarily due to iron overload in the 
heart, leading to cardiomyopathy. Association between 
iron load and risk of atherosclerosis also had been studied 
in thalassemia patient.[3] Another pathogenesis is caused 
by untreated anemia, which is followed by tissue hypoxia 
increasing pulmonary resistance and causing pulmonary 
hypertension. Endothelial dysfunction also contributed to 
CV in thalassemia caused by iron accumulation, reduced 
nitric oxide, and increased lipid peroxidation. Chronic 
inflammation from multiple transfusions, infections, and 
stromal cell hyperplasia also results in vascular damage.[4] 

Studies about subclinical atherosclerosis markers in 
thalassemia patients show inconsistent results.

Aim

This research assesses cIMT in transfusion-dependent thal-
assemia patients and examines its relationship with clinical 
and laboratory parameters at Universitas Indonesia Hospital. 

Methods

Study design and participant

This study was a cross-sectional study conducted from 
March to May 2024, in the Therapy and Thalassemia Clin-
ics, Universitas Indonesia Hospital. Study participants were 
adult transfusion-dependent thalassemia patients.

Data collection and cIMT measurement

Clinicals data obtained from medical records included 
age, body weight, height, mean Hb levels over the past two 
months, packed red cells volume per kg body weight re-
ceived for previous two months, and average ferritin levels 
over six months. The measurement of cIMT was performed 
after blood transfusion, performed by internist-cardiovas-
cular consultant, using techniques in line with the 2012 
Mannheim Carotid Intima-Media Thickness and Plaque 
Consensus. The carotid intima-media thickness was visu-
alized as a double-line pattern between the intima-lumen 
and media-adventitia interfaces of the carotid artery in a 
longitudinal view using B-mode ultrasound. The measure-
ment was taken near the carotid bifurcation at a plaque-
free area in the distal common carotid artery segment. The 
artery wall was examined at a lateral probe position with 

a 90-degree insonation angle. Measurements were record-
ed for both the left and right distal common carotid artery 
walls, 5 mm proximal to the bifurcation. Data about cIMT 
diameter were collected for each wall and mean thickness 
values from both sides.[5,6]

Data analysis

Data analysis was performed using SPSS v. 28. Categorical 
data were shown in proportions, while numerical data were 
presented as mean or median. The Mann-Whitney test was 
used to assess rank differences of cIMT by age group, sex, 
body mass index (BMI), and packed red cell volume per kg 
body weight over the last two months. Spearman correla-
tion tests examined relationship between Hb, ferritin, and 
cIMT (both maximum and mean diameter). 

Ethical approval

Ethical approval for the study was obtained from the Eth-
ics Committee of FMUI, Ethics number KET-263/UN2.F1/
ETIK/PPM.00.02/2024.

Results

This study included 25 adult thalassemia patients who had 
transfusion-dependent thalassemia in the thalassemia clin-
ic of Universitas Indonesia Hospital. The subjects had a 
median age of 25 years, 60% of them were male, and had 
an underweight BMI. The majority of subjects underwent 
blood transfusions 1-2 times per month. Participant char-
acteristics are shown in Table 1.

Table 1. Subject characteristics

Clinical characteristics Results
Age, median, year 25.0 (18.0–68.0)
Sex

Male, n (%) 15 (60.0)
BMI

Underweight, n (%) 52.0
Normoweight, n (%) 48.0

Transfusion frequency /month
1-2, n (%) 52.0
≥3, n (%) 48.0

Pre-transfusion hemoglobin level (mean/2 
month), mean, g/dL

8.55±0.76

Packed red cell volume in the last 2 
months, mean, ml/kg BW

7.04±1.32

Ferritin level, mean last 6 months, ng/mL 5535.88±2792.67
Mean diameter cIMT, median, mm 0.40 (0.03–0.06)
Maximum diameter cIMT, median, mm 0.50 (0.04–0.70)
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Based on clinical characteristics, the distribution of 
cIMT showed that patients with an underweight BMI had 
thicker tunica intima-media, both in mean and maximum 
values (p=0.008 and p=0.011, respectively). Additionally, 
participants with a transfusion frequency of ≥3 per month 
had greater maximum diameter cIMT (p=0.046) (Table 2).

A correlation test was conducted between the mean Hb 
levels, packed red cell volume, and ferritin levels with the 
mean and maximum diameter of carotid intima-media 
thickness (Table  3). A moderate positive correlation was 
observed between average ferritin levels and maximum in-
tima-media thickness (r=0.402, p=0.046).

The scatter plot of Spearman correlation test between 
the mean ferritin and the maximum thickness of the intima 
media can be seen in Fig. 1.

Discussion

The mean pre-transfusion Hb level in this study was 
8.55±0.76  g/dl, consistent with reports of thalassemia in 
Indonesia, which still faces a challenge in implementing 
the pre-transfusion Hb target of >9  g/dl, as well as poor 
adherence to iron chelation therapy.

Table 2. Clinical characteristics and cIMT diameter

Clinical characteristics cIMT
Mean p Maximum p

Age 0.894 0.611
<25 years, n (%) 0.40 (0.04–0.60) 0.45 (0.05–0.60)
≥25 years, n (%) 0.40 (0.03–0.60) 0.50 (0.04–0.70)

Sex 0.091 0.115
Male, n (%) 0.45 (0.06–0.60) 0.50 (0.06–0.70)
Female, n (%) 0.23 (0.03–0.50) 0.25 (0.04–0.60)

BMI, n (% 0.008 0.011
Underweight, n (%) 0.45 (0.06–0.60) 0.60 (0.06–0.70)
Normoweight, n (%) 0.09 (0.03–0.50) 0.09 (0.04–0.60)

Transfusion frequency /month 0.046 0.068
1-2, n (%) 0.10 (0.04–0.50) 0.10 (0.05–0.60)
≥3, n (%) 0.45 (0.03–0.60) 0.55 (0.04–0.70)

Table 3. Spearman correlation between clinical characteristics and cIMT diameter 

Clinical characteristics
cIMT

Mean p Maximum p
Pre-transfusion hemoglobin level 
(mean/2 month), mean, g/dL

−0.155 0.459 −0.097 0.646

Packed red cell volume in the last 2 
months, mean, ml/kgBW

0.208 0.319 0.327 0.111

Ferritin level, mean last 6 months, ng/mL 0.292 0.157 0.402 0.046

Figure 1. Correlation of mean ferritin levels in the last 6 months 
and maximum diameter of cIMT.

Subject characteristics

In this study, most subjects were male (60.0%) with a me-
dian age of 25 years (18.0–68.0), and an underweight nu-
tritional status (52.0%). The mean pre-transfusion Hb level 
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in this study was 8.55±0.76 g/dl, consistent with reports of 
thalassemia in Indonesia, which still faces a challenge in im-
plementing the pre-transfusion Hb target of >9 g/dl, as well 
as poor adherence to iron chelation therapy.[7] The mean 
ferritin level in this study was 5535.88±2792.67  ng/mL, 
which aligns with literature indicating that the proportion 
of subjects with ferritin levels >4000 ng/mL is higher in the 
Asia-Pacific and Middle East regions compared to Europe.[8] 

The median maximum diameter of cIMT observed in 
this study was 0.5 mm, which was larger than the 75th per-
centile diameter for populations under 30 years of age, both 
male (right carotid 0.48 mm, left carotid 0.49 mm) and fe-
male (right carotid 0.43 mm, left carotid 0.47 mm).‌[9] Thal-
assemia has been associated with increased cIMT. Intravas-
cular hemolysis in thalassemia would lead into increased 
free heme levels in the circulation. Free heme, a pro-ath-
erogenic free radical, increases endothelial permeability, 
smooth muscle proliferation, and LDL oxidation.[10] In 
thalassemia patients, the hemopexin levels, a glycoprotein 
that binds free heme, are also reduced, leading to higher 
free heme levels.[11] 

In this study, 52% of patients had underweight BMI, 
which is a higher proportion compared with other stud-
ies that reported 40% of subjects were underweight. Un-
derweight in thalassemia patients had shown due to low 
percentage of body fat. Low body fat had been associated 
also with low bone mass in thalassemia patients.[12] The 
pathogenesis of low BMI and altered body composition 
had multiple risk factors such as nutritional deficiency, 
chronic anemia and hypoxia, iron overload, inadequate use 
of chelating agents, and endocrinopathies.[13] 

Nutritional status and cIMT

This study found that subjects with an underweight BMI 
had thicker cIMT compared with those with a normal BMI. 
This finding aligns with the conclusions of previous stud-
ies, which indicated that patients with malnutrition exhibit 
thicker intima-media layers in comparison to those with 
adequate nutritional status.[14-16] The relationship between 
malnutrition and increased cardiovascular risk, including 
cIMT, is associated with heightened systemic inflamma-
tion. Previous study reported that systemic inflammation 
was linked to malnutrition, marked by decreased preal-
bumin and albumin levels.[16] Increased oxidative stress 
markers in thalassemia patients had been associated with 
elevated resting energy expenditure and eventually with 
being underweight. Meanwhile, oxidative stress had been 
associated with increased cIMT.[13,17] 

Transfusion characteristics and cIMT

Increased transfusion frequency has been linked to iron 
overload. Each unit of packed red cells is estimated to con-
tain 200-250  mg of iron. Inadequate transfusion volume 
leads to more frequent transfusions. Studies have shown 
that patients with lower pre-transfusion Hb targets are 

associated with more frequent transfusions and increased 
iron levels compared with patients with higher pre-transfu-
sion Hb targets. A lower pre-transfusion hemoglobin (Hb) 
level has been shown to be associated with hypersplenism, 
which has the potential to complicate the achievement of 
the pre-transfusion target level.[18] Transfusions cause a 
temporary increase in serum iron and transferrin satu-
ration within the first 24 hours, persisting up to 36 hours 
post-transfusion.[19] Conversely, frequent blood donors 
had been shown thinner tunica intima-media thickness, as 
blood donation lowers body iron levels, and also ferritin 
and hepcidin level.[20,21] 

Iron overload and cIMT

Higher ferritin levels in thalassemia patients have been as-
sociated with increased intima-media thickness in previ-
ous studies.[10,22] Ferritin is a marker of iron overload in 
thalassemia patients. The iron overload condition has been 
known to be linked to increased free iron radicals, which 
heighten oxidative stress. Increased iron followed with in-
creased reactive oxygen species formation, especially hy-
droxyl radicals. Hydroxyl radicals could oxidize low-den-
sity lipoprotein, which would initiate foam cell formation, 
and eventually atherosclerosis.[20,21] Elevated free iron radi-
cals cause endothelial injury and accelerating atherosclero-
sis.[21] Jindal et al.[17] had reported that lipid peroxidation 
product malondialdehyde (MDA) increased in thalassemia 
patients. The study also reported correlation between MDA 
and cIMT in thalassemia subjects. 

Increased ferritin also followed with increased hepcidin 
which caused iron retention in macrophages. The process 
of iron retention within the macrophages has been demon-
strated to result in an increase in oxidative stress and lipid 
oxidation.[23] Macrophage iron content had been known as a 
determinant factor in atherosclerotic plaque progression.[24] 

Study limitation and strengths

The present study was subject to several limitations. Primar-
ily, it was a single-center study with a limited sample size. 
There were several parameter that were not evaluated in this 
study, such as albumin and cardiac MRI T2. This study result 
highlights the importance of intervention not only for iron 
overload but also for nutrition among transfusion-depen-
dent thalassemia patients, which may lead to a reduction in 
subclinical atherosclerosis and cardiovascular disease risk. 

Conclusion

This study found that among the transfusion-dependent 
thalassemia patients, those with underweight BMI and 
transfusion frequency of ≥3 times per month had thicker 
intima-media layers. Ferritin levels also showed a moderate 
positive correlation with the maximum diameter of cIMT.
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