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Background: Iron overload is a major problem in both transfusion-dependent (TDT) and 
non-transfusion-dependent thalassemia (NTDT). It has been known to increase oxidative 
stress. Meanwhile, blood transfusion as main therapy for thalassemia increases iron overload. 
One of the markers of oxidative stress is malondialdehyde (MDA). This study aims to 
provide data on MDA levels in adult thalassemia patients, and to compare the levels before 
and after transfusion in patients with TDT and NTDT.
Methods: This is a cross-sectional, pre-post study in adult patients with thalassemia major 
and intermedia that received blood transfusion with or without iron-chelating agents in Cipto 
Mangunkusumo Hospital. Blood samples were taken immediately before the transfusion and 
one day after. Serum ferritin (SF) assays were conducted by electrochemiluminescence 
immunoassay method, while transferrin saturation (TS) was calculated by dividing serum 
iron by the binding capacity. Subsequently, plasma MDA levels assays were performed using 
the Wills method, and data analysis was conducted using the t-test/Mann–Whitney and 
Pearson/Spearman correlation test, depending on the data distribution.
Results: The 63 respondents recruited consist of 51 TDT and 12 NTDT patients, and their 
median plasma MDA level before and after transfusion was 0.49 µmol/L and 0.45 µmol/L, 
respectively. Before transfusion, there was no correlation between SF and MDA, and TS and 
MDA levels. After the transfusion, there was no correlation between, SF and MDA, or TS 
and MDA levels.
Conclusion: There is no significant difference in MDA levels before and after transfusion. 
Although blood transfusion increases the iron load in thalassemia patients, there was no 
increase in median MDA level after transfusion. Meanwhile, there was no correlation 
between markers of iron overload and MDA level in thalassemia patients both before and 
after transfusion.
Keywords: iron overload, malondialdehyde, oxidative stress, non-transfusion dependent 
thalassemia, transfusion-dependent thalassemia

Background
Thalassemia is a hereditary disease caused by a defect in globin synthesis. This 
results in erythrocyte membrane fluidity. Thalassemia allows erythrocytes to be 
broken down easily, thereby lowering the level of hemoglobin in the blood. This 
phenomenon will result in chronic non-immune hemolytic anemia.1–3 Indonesia is 
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one of the countries with a high prevalence number of 
thalassemia. Data from the Thalassemia Center, Cipto 
Mangunkusumo Hospital (RSCM) in 2016, showed that 
there were 9.031 patients with thalassemia major, and this 
number is expected to be higher since we have high pre-
valence of thalassemia gene carriers which are asympto-
matic and have not conducted any premarital screening.4

Thalassemia major (TM) is characterized by severe 
anemia requiring red blood cell transfusions regularly for 
growth and survival.5 Meanwhile, thalassemia intermedia 
(TI) has a clinical spectrum or phenotype which varies 
widely from requiring regular blood transfusions (transfu-
sion-dependent thalassemia/TDT) to not requiring regular 
transfusions (non-transfusion-dependent thalassemia/ 
NTDT). Generally, complications of excess iron load in 
TM are due to transfusion of red blood cells, which may 
result in organ toxicity caused by free radicals, reactive 
oxygen species (ROS). People with TI are also at risk of 
iron overload due to the increased absorption of iron from 
the digestive tract.6

Excessive iron overload forms non-transferrin-bound 
iron (NTBI) with the most toxic labile plasma iron (LPI) 
fraction. However, the NTBI examination has not been 
standardized and does not yet exist in Indonesia. 
Transferrin saturation (TS) can be used as a surrogate 
marker for NTBI examination.7 Furthermore, NTBI fer-
rous iron (Fe II) induces the increased production of ROS, 
especially hydroxyl radicals (OH•) by the Fenton and 
Haber Weiss reaction.8,9 The formed ROS will cause 
lipid peroxidation (PL) cell membrane with one of the 
products namely malondialdehyde (MDA), which is toxic 
and mutagenic. MDA is used as a biomarker of oxidative 
stress examination.10

Existing study on oxidative stress shows conflicting 
results. Some studies in pediatric and adults with beta- 
thalassemia found correlation between SF and MDA 
levels.11,12 However, different results were obtained by 
Al-Hakeim et al13 and Gunarsih et al, who found no 
correlation between SF and MDA. Meanwhile, results 
from the study by Cighetti et al14 showed a correlation 
between NTBI and MDA. On the contrary, Al-Hakeim, 
et al13 and Walter et al15 did not obtain the correlation 
between NTBI with MDA. These warrant further study, 
especially in adult thalassemia patients since most studies 
were conducted in pediatric population.

Regular blood transfusion therapy of thalassemia 
causes iron overload that will induce the formation of 
ROS. However, there is no published data about the effect 

of transfusion on changes in oxidative stress. MDA was 
selected as a marker of oxidative stress because the sam-
pling and examination techniques are relatively easy. 
Therefore, this study aims to measure the change of 
MDA levels as a biomarker of oxidative stress related to 
the provision of blood transfusion therapy. Furthermore, 
we also aim to analyze the relationship of iron overload 
and MDA level in thalassemia patients both before and 
after transfusion.

Methods
Population
The targeted population is adult patients with beta-thalas-
semia in RSCM at the Thalassemia and Hematology 
Polyclinic, Department of Internal Medicine. They 
received blood transfusions either regularly (thalassemia 
major or TDT-phenotype thalassemia intermedia) or as 
required (thalassemia minor or NTDT-phenotype thalasse-
mia intermedia). Furthermore, the selected subjects were a 
those who met the inclusion criteria of the study.

Inclusion Criteria
The subjects recruited were aged 18 years or more and 
were diagnosed with beta-thalassemia with high-perfor-
mance liquid chromatography (HPLC) or microcapillary 
method. They were willing to participate in the study after 
signing a written consent form. Furthermore, the subjects 
that fulfilled inclusion criteria were categorized into TDT 
and NTDT groups.

Exclusion Criteria
The patients who experienced acute medical conditions 
(heart failure, liver failure), acute inflammation (tempera-
ture>38°C), chronic inflammation or infection, pregnant 
woman, and malignancy were excluded.

Recruitment of Subjects
The subjects were recruited consecutively from at the 
Thalassemia and Hematology Polyclinic, Department of 
Internal Medicine, Cipto Mangunkusumo National 
Referral Hospital, Jakarta. Furthermore, the demographic 
data and the volume of blood and frequency of red cell 
transfusions in the past year were recorded from the med-
ical records of patients, and they were categorized into 
TDT and NTDT.
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Laboratory Procedures
The patients underwent venous blood sampling twice, ie, 
before and after blood transfusion. Subsequently, blood 
samples were taken each as much as 12 mL and 5 mL, 
and the test for the value of hemoglobin, serum ferritin, 
hsCRP, transferrin saturation, and malondialdehyde 
(MDA) was then conducted.

Measurement of MDA was conducted by spectropho-
tometric method (Wills) using the principle of the reaction 
with thiobarbituric acid. This procedure uses 3 mL of 
blood serum mixed with trichloroacetic acid and was cen-
trifuged to form a supernatant. Furthermore, the super-
natant or protein deposits were added with acetic acid, 
thiobarbituric acid, and n-butanol to produce colors. The 
color formed is read at a wavelength of 532 nm by 
spectrophotometry.

Ethics
This study has been reviewed and approved by The Ethics 
Committee of the Faculty of Medicine, Universitas 
Indonesia, and the subjects provided appropriate consent 
to participate. This study was conducted following the 
declaration of Helsinki, and all participants were informed 
about the purpose of the study.

Data Analysis
The collected data were processed using SPSS 20 for 
Windows. Data analysis was conducted using the t-test/ 
Mann–Whitney and Pearson/Spearman correlation test, 
depending on the data distribution.

Results
Demographic Data
A total of 63 adult patients with beta-thalassemia were 
recruited during this study period, and it consisted of 51 
TDT and 12 NTDT patients. There were 37 females (58%) 
and 26 males (42%) subjects, and the median age was 25 
years with a range from 18 to 67 years. Furthermore, the 
number of patients with beta-thalassemia was 21 (33%) 
and beta-thalassemia/HbE was 42 people (67%). Clinical 
characteristics of subjects with TDT were almost equal to 
patients with NTDT in terms of the gender ratio, age, 
hemoglobin level and body mass index (BMI). Patients 
with TDT received much larger and more frequent blood 
transfusions than NTDT (Table 1).

Measurement of MDA Plasma
The median plasma MDA level on the subjects before 
transfusion was 0.49 µmol/L with the lowest and the high-
est value of 0.21 µmol/L and 1.33 µmol/L. Meanwhile, the 
median plasma MDA level after transfusion was 0.45 
µmol/L with the lowest and highest value of 0.14 µmol/ 
L and 1.49 µmol/L, respectively.

Differences in Plasma MDA Levels 
Between TDT and NTDT Groups
There were no significant differences in plasma MDA 
levels before and after transfusion in adult patients with 
beta-thalassemia TDT and NTDT (Table 2).

Plasma MDA Level in Adult Patients with 
Beta-Thalassemia TDT and NTDT 
Between Before and After Transfusion
The analysis showed that there was no significant differ-
ence in the change (delta) median plasma MDA levels 
before and after transfusion in adult patients with beta- 
thalassemia TDT and NTDT (Table 3).

Correlation Between Serum Ferritin and 
Transferrin Saturation with Plasma MDA 
Levels Before and After Transfusion in 
Adult Patients with Beta-Thalassemia 
TDT and NTDT
Before transfusion, there was no correlation between SF 
and MDA, and TS and MDA levels. After the transfusion, 
there was no correlation between, SF and MDA, or TS and 
MDA levels in adult patients with beta-thalassemia (TDT 
and NTDT) (Table 4).

Although Pearson correlation test showed significant 
correlation between SF and MDA before transfusion, the 
data distribution was not normal. Hence, Spearman corre-
lation was used and resulted in no correlation.

Changes in Plasma MDA
The changes in plasma MDA levels in these two groups 
can be seen in Table 5 and Figure 1.

Discussion
A total of 63 patients were included in this study, consisting 
of 51 TDT and 12 NTDT patients with a median age of 25 
years old. Furthermore, the median levels of MDA were 0.49 
(min 0.21; max 1.33) µmol/L and were not significantly 
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Table 2 Plasma MDA Levels Before and After Transfusion in Adult Patients with Beta-Thalassemia TDT and NTDT

Variables Adult Beta Thalassemia (N=63) p*

TDT NTDT

MDA plasma before transfusion (µmol/ L), mean (SD) 0.55 (0.23) 0.44 (0.11) 0.100
MDA plasma after transfusion (µmol/ L), median (min-max) 0.49 (0.14–1.20) 0.38 (0.31–1.49) 0.299

Note: *Mann–Whitney.

Table 3 Change (Delta) Plasma MDA Levels in Adult Patients with Beta-Thalassemia TDT and NTDT Between Before and After 
Transfusion

Variables Adult Beta-Thalassemia (TDT + NTDT) N = 57 p

Change (delta) plasma MDA (µmol/ L), median (min-max) −0.007 ([−0.069] - 0.055) 0.820

Table 1 Characteristics of the Subjects Study According TDT and NTDT Groups Before Transfusion

Characteristics Adult Beta Thalassemia Total (TDT+NTDT)  
(n=63)

TDT  
(n = 51)

NTDT  
(n = 12)

Gender, n (%)

Man 21 (41.2) 5 (41.7) 26 (41.3)

Woman 30 (58.8) 7 (58.3) 37 (58.7)

Age (years), median (min-max) 25 (18–67) 25 (19–66) 25 (18–67)

Diagnosis genotype, n (%)

Beta thalassemia 15 (29.4) 6 (50.0) 21 (33.3)

Beta thalassemia/HBE 36 (70.6) 6 (50.0) 42 (66.7)

BMI (kg/m2), mean (SD) 18.7 (2) 20 (2.9) 18.97 (2.3)

Iron chelation, n (%)

Deferiprone 40 (78.4) 6 (50) 46 (73.0)

Deferasirox 9 (17.6) 2 (16.7) 11 (17.5)

Deferoxamine 1 (2) - 1 (1.6)

No chelating agent 1 (2) 4 (33.3) 5 (7.9)

Transferrin saturation (%), median (min-max) 81 (30–100) 85.5 (28–94) 82 (2–100)

≥50%, n (%) 37 (72.5) 11 (91.7) 48 (76.2)

<50%, n (%) 14 (27.5) 1 (8.3) 15 (23.8)

The mean serum ferritin in a year (ng/mL), median (min-max) 3,094 (344–14,012) 3,863 (963–5,944) 3,136 (344–14,012)

≥1000 ng/mL, n (%) 47 (92.2) 11 (91.7) 58 (92.1)

<1000 ng/mL, n (%) 4 (7.8) 1 (8.3) 5 (7.9)

≥2500 ng/mL, n (%) 28 (54.9) 8 (66.7) 36 (57.1)

<2500 ng/mL, n (%) 23 (45.1) 4 (33.3) 27 (42.9)

MDA plasma before transfusion (µmol/L), mean (SD) 0.55 (0.23) 0.44 (0.11) 0.49 (0.21–1.33)

MDA plasma after transfusion (µmol/L), median (min-max) 0.47 (0.1–1.2) 0.41 (0.3–1.49) 0.45 (0.14–1.49)

Hb before transfusion (g/dl), median (min-max) 7.6 (4.90–10.70) 8.05 (5.70–9.80) 7.66 (1.34)

Volume of blood transfused during research (mL), median (min-max) 168 (24–468) 156 (60–528) 546 (220–1,233)

Volume of blood transfusions in the past year (mL), median (min-max) 5,965 (1,918–13,096) 2,124 (280–4,847) 4,847 (280–13,096)

Frequency of transfusions in a year, mean (SD) 10 (4) 4 (2) 8.84 (4.29)

Abbreviations: TDT, transfusion-dependent thalassemia; NTDT, non-transfusion-dependent thalassemia; SD, standard deviation; BMI, body mass index; MDA, malondial-
dehyde; Hb, hemoglobin.
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different between before and after transfusion. Differences in 
the results of plasma MDA levels with previous studies can 
be assumed to be caused by different subject characteristics. 
This includes the use of iron chelation therapy and antiox-
idant supplementation as well as the methods used in the 
measurement of MDA levels. Plasma MDA level tends to be 
increased in thalassemia and this reflects the oxidative stress 
status of the patients.16 Compared to healthy controls, 
patients with thalassemia show increased MDA levels.16,17 

The increase in this lipid peroxidation product is considered 
to be closely related to the degree of oxidative stress as 
reported by Ozturk et al.18

The subjects used iron chelation therapy and antioxidant 
supplementation regularly. Several studies have been con-
ducted on the effect of iron chelation and antioxidants on 
changes in MDA levels as a marker of oxidative stress. 

Plasma MDA levels were decreased on the subject approach-
ing the levels in healthy controls after receiving iron chela-
tion therapy and antioxidants for 6–12 months.19,20 A study 
conducted by Nasseri, et al21 showed that administration of 
antioxidants in thalassemia patients decreases MDA levels. 
Therefore, plasma MDA levels obtained in this study were 
likely to be influenced by routine supplementation of anti-
oxidants and iron chelation therapy.

Median levels of MDA was not significantly different in 
patients with TDT and NTDT (0.55 vs 0.44 µmol/L; p = 0.100; 
Mann–Whitney test). The NTDT group consists of patients 
with thalassemia that received blood transfusions, but not 
regularly with a mean frequency of 4 transfusions per year. 
On the contrary, TDT patients consist of beta-thalassemia 
major and TDT-phenotype thalassemia intermedia patients 
that require regular blood transfusions. However, this study 

Table 4 The Correlation Between Serum Ferritin and Transferrin Saturation with Plasma MDA Levels Before and After Transfusion

Variables Before Transfusion After Transfusion

Pearson Correlation Spearman Correlation Pearson Correlation Spearman Correlation

Serum ferritin vs MDA r=0.256* r=0.181 r=0.107 r=0.123
p=0.043 p=0.156 p=0.428 p=0.361

Transferrin saturation vs MDA r=0.192 r=0.194 r=0.077 r=−0.090
p=0.138 p=0.133 p=0.578 p=0.513

Note: *Pearson correlation test: p<0.05.

Table 5 The Proportion of Subjects According to Changes of Plasma MDA Levels Before and After Transfusion in Adult Patients with 
Thalassemia Beta TDT and NTDT

Changes in Plasma MDA Adult Beta Thalassemia Total

TDT, n (%) NTDT, n (%)

Increase 19 (39.6) 5 (55.6) 24 (42.1)

Permanent 1 (2.1) 0 (0) 1 (1.8)
Decline 28 (58.3) 4 (44.4) 32 (56.1)

Figure 1 Line graph depicting the increase (left), stagnation (middle), and decrease (right) in MDA levels between study subjects, pre and post transfusion.
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shows that the difference of MDA levels between TDT and 
NTDT groups was not significant.

There was no correlation between SF and MDA levels 
before transfusion. Although Pearson test showed a sig-
nificant weak correlation, since our data distribution was 
abnormal, nonparametric test should be used. Spearman 
correlation test showed that there was no correlation 
between SF and MDA as well as TS and MDA before 
and after transfusion.

Similar results have been reported Gunarsih et al1 in 
children with thalassemia major in the same center where 
our study was conducted. In their study, the correlation 
between serum ferritin and plasma MDA concentration 
was not obtained (r=0.147; p=0.285). In addition, a study 
conducted by Al-Hakeim, et, al13 on 118 patients with beta- 
thalassemia major in children age 4–12 years also showed 
no correlation between serum ferritin levels of plasma 
MDA. On the contrary, another study by Cighetti et al14 

on 21 patients with beta-thalassemia major age 19–30 years 
and 13 with beta-thalassemia intermedia 23–46 years of age 
obtained a positive correlation between total MDA and 
NTBI (r=0.45; p=0.037). However, in our study, we found 
no correlation between total MDA and serum ferritin level.

Malondialdehyde (MDA) is a well-established marker for 
oxidative stress and cellular damage. Oxidative stress happens 
in many disease states such as cancer, chronic inflammation, 
and thalassemia.22 Oxidative stress is a result from the imbal-
ance of oxidants and antioxidants. When the balance tip 
towards oxidants (ie, insufficient antioxidant activity), cellular 
damage occurs. Furthermore, the formation of reactive oxygen 
species (ROS) contributes to DNA damage, cellular injury, 
and even carcinogenesis.22 In thalassemia, iron overload plays 
a major role in mediating oxidative stress.

There was no previous study which correlated serum 
ferritin levels and plasma MDA in serial pattern before and 
after transfusion. In 58% of TDT patients, MDA levels 
decreased after transfusion. Meanwhile, in NTDT, 55.6% 
had increased MDA levels. The absence of plasma MDA 
increase after transfusion in some subjects might be related to 
routine supplementation of antioxidants, which could attenu-
ate the rise in MDA levels. A study by Ezzat, et al23 showed 
that patients with thalassemia have reduced antioxidant activ-
ity and vitamin E levels. Therefore, routine supplementation 
of vitamin E or other antioxidants should be considered a 
rational approach. In subjects with increased MDA levels 
after transfusion, the supplementation of antioxidants may 
not be sufficient to suppress the oxidative stress damage. 
Therefore, antioxidants such as vitamin E can be used to 

attenuate this process.21 In this study, the majority of patients 
were routinely prescribed antioxidants.

In Islamic countries such as the Middle East and 
Indonesia, there is a practice of blood cupping called Al- 
hijamah. Even though there is no data on the proportion of 
thalassemia patients that received this treatment, a lot of 
Indonesians follow the practice. Blood cupping is scienti-
fically proven to reduce iron overload, serum ferritin, and 
oxidative stress.24 It removes MDA from circulating blood 
to reduce oxidative stress.25 Therefore, this method can be 
considered in select thalassemia patients, especially in 
those without thrombocytopenia due to hypersplenism. If 
thrombocytopenia has already occurred, blood cupping 
might induce massive blood loss which will increases the 
transfusional requirement.

Another concern of measuring plasma MDA level after 
transfusion is the possibility of interference from the 
donor’s MDA. However, since leukodepleted or washed- 
packed red cells are only used for routine transfusion, the 
plasma content of MDA should be negligible.

Furthermore, the transferrin saturation did not correlate 
with plasma MDA levels either before or after transfusion. 
Transferrin saturation is a surrogate marker for NTBI. 
NTBI is the gold standard for measuring iron overload, 
although the examination is not available in Indonesia. 
Therefore, transferrin saturation was employed instead of 
NTBI, and there was no correlation between FS and TS 
with MDA levels. Therefore, further study should measure 
NTBI instead of FS and TS as markers of iron overload. In 
terms of oxidative stress, in addition of malondialdehyde, 
activity of other aldehydes can be measured by using assay 
for thiobarbituric acid reactive species.26

The sample size used is larger than similar studies 
conducted in Pakistan and Egypt.23,27 Moreover, the 
novelty of this study is the fact the MDA levels were 
measured pre- and post-transfusion. This is the first study 
that employed serial measurements of MDA levels. 
Limitation of this study is the limited number of partici-
pants due to the short study period and budget restrictions 
since MDA-level assay are not covered by national health 
insurance. Further studies involving a larger sample size is 
encouraged to confirm our findings. Moreover, it should 
involve patients with thalassemia major, intermedia, 
minor, and normal control group to compare the relation-
ship between blood transfusion, iron overload, and oxida-
tive stress. In addition, the subjects should be stratified 
based on baseline SF and TS to detect the difference in 
MDA levels.
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Conclusion
Median plasma MDA levels in adult beta-thalassemia major 
and intermedia before and after transfusion were 0.49 µmol/ 
L and 0.45 µmol/L, respectively. There was no significant 
difference between MDA levels and between TDT and 
NTDT patients. Furthermore, there was no correlation 
between FS and TS with MDA before and after transfusion. 
The routine administration of antioxidants, especially vita-
min E, might play a role in ameliorating MDA in thalassemia 
patients. Therefore, although blood transfusion increases iron 
load in thalassemia patients, there was no increase in median 
MDA level after transfusion.
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The authors report no conflicts of interest for this work.
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