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Abstract
Background Patients with thalassemia acquire cellular oxidative damage mainly from the degradation of excessive 
uncoupled hemoglobin (Hb) chains and iron overload. The oxidative damage of red blood cells (RBCs) and platelets 
potentially results in the worsening of ineffective erythropoiesis, hemolysis, and the occurrence of thromboembolic 
events. Vitamin E (VitE) is an antioxidant that inhibits membrane lipid peroxidation. It is widely used as a supplement 
in thalassemia; however, its benefits in improving cellular oxidative damage remain unclear.

Methods We conducted a double-blind, randomized, controlled trial registered in the Thai Clinical Trials Registry 
(TCTR20220801001) on 01/08/2022. We randomized transfusion-dependent (TD) β- and α-thalassemia (aged 
10–25 years) to receive oral VitE 400 IU/day or placebo at a 1:1 ratio for 6 months. Cellular oxidative damage 
markers, including phosphatidyl serine (PS)-bearing RBCs, PS-bearing RBC vesicles, PS-bearing platelets, PS-bearing 
microparticles (MPs), PS-bearing RBC-MPs, PS-bearing platelet MPs (PMPs) and platelet activation, were measured 
before and after the intervention as the primary outcomes.

Results Seventy-four TD thalassemia patients were categorized into 63 β-thalassemia (10 splenectomy, β-Thal-S; 
and 53 non-splenectomy, β-Thal-NS) and 11 α-thalassemia (non-splenectomy, α-Thal-NS). Randomized from 
all patient groups, 36 received VitE and 38 received a placebo. A significant reduction in PS-bearing RBCs and 
PS-bearing RBC vesicles was observed in the β-Thal-NS receiving VitE. This occurred parallel with a substantial 
decrease in malondialdehyde levels, as a marker of lipid peroxidation, found only in the β-Thal-NS but not in β-Thal-S 
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Introduction
Cellular oxidative damage occurs when the body has an 
imbalance of antioxidants and oxidants. This leads to the 
oxidation of cellular components such as lipids, proteins, 
and DNA, which causes cell damage [1]. The leading 
causes of cellular oxidative damage generated in thalas-
semia are the degradation of excessive, uncoupled and 
unstable hemoglobin (Hb) chains in erythroid precur-
sors and iron overload. These subsequently aggravate 
the production of free radicals and lead to hemolysis 
[1–7]. Various forms of cellular oxidative damage occur 
in thalassemia patients, including blood cell membrane 
lipid peroxidation [2, 8] and generation of blood cell 
pathology, including phosphatidylserine (PS)-bearing 
cells [9], PS-bearing cell vesicles, formation of micropar-
ticles (MPs) (alternatively named membrane vesicles or 
medium extracellular vesicles) [10, 11] and platelet acti-
vation [12].

PS is a negatively charged phospholipid typically 
located in the inner layer of cell membranes. In thalas-
semia patients, excessive membrane lipid peroxidation 
of red blood cells (RBCs) and platelets results in a flip of 
PS from the inner to the outer layer of membranes. These 
pathologic cells are referred to as PS-bearing RBCs and 
PS-bearing platelets. In addition to the sequential wors-
ening of ineffective erythropoiesis and hemolysis [13, 
14], increased formation of PS-bearing RBCs, as well 
as PS-bearing platelets, were found to be associated 
with the hypercoagulable state in thalassemia patients 
by activating the coagulation cascade and stimulating 
platelets [9, 15]. MPs are small membrane vesicles, size 
0.1–1  μm in diameter, shed from cells undergoing acti-
vation or apoptosis [11]. PS-bearing MPs stemming from 
PS-bearing RBCs and PS-bearing platelets were found 
at higher levels in β-thalassemia patients than in healthy 
individuals [16, 17]. Particularly, these PS-bearing MPs 
were significantly higher in splenectomized compared to 
non-splenectomized patients [16, 18]. Elevated level of 
MPs is an additional factor contributing to the hyperco-
agulable state and occurrence of thromboembolic events 
in β-thalassemia patients in reported literatures [15], 
as these MPs were shown to induce platelet activation, 
platelet aggregation, platelet-neutrophil aggregation and 
endothelial activation [10, 19].

Vitamin E (VitE) is an antioxidant that inhibits lipid 
peroxidation and reduces one of its by-products that 
serve as a biomarker of oxidative stress: malondialdehyde 
(MDA) [20]. Several reports found plasma VitE at lower 
levels in β-thalassemia patients than in healthy controls 
[12, 21, 22]. Many studies investigating the effects of 
VitE treatment on oxidative stress and antioxidant lev-
els, as measured by various biomarkers, in transfusion-
dependent (TD) and non-transfusion-dependent (NTD) 
β-thalassemia have been reported [21, 23–32]. Although 
most such studies showed improved oxidative status, the 
benefit of VitE treatment on improving hemolytic param-
eters and Hb levels was inconsistent. The potential ben-
efits of VitE supplementation on ameliorating cellular 
oxidative damage in both β- and α-thalassemia patients 
remain lacking.

Herein, we conducted a double-blind, randomized, 
placebo-controlled trial with the primary aim of evaluat-
ing changes in cellular oxidative damage measures after 
6-month supplementation of VitE in young patients with 
TD β- and α-thalassemia. We also explored changes in 
hemolytic parameters as secondary outcomes and nitrite 
levels as exploratory outcome measures.

Methods
Study design and participants
This double-blind, randomized, placebo-controlled clini-
cal trial was conducted at the Department of Pediatrics, 
Faculty of Medicine Ramathibodi Hospital, Mahidol Uni-
versity, Bangkok, Thailand, from July 2022 to July 2023. 
The study protocol was approved by the local institutional 
review board (COA. MURA2022/150) and registered in 
the Thai Clinical Trials Registry (TCTR20220801001, 
first date of registration 01/08/2022). Patients with β- and 
α-thalassemia aged 10 to 25 years who required ≥ 7 RBC 
transfusions/year were enrolled. Those with VitE allergy 
or bleeding disorders and those requiring antioxidative 
agents as a part of essential medical treatments were 
excluded. Healthy controls were also recruited for base-
line data comparison. Written informed consents were 
obtained from all participants and/or guardians of par-
ticipants aged < 18. The study was conducted under the 
Declaration of Helsinki guidelines.

and α-Thal-NS groups. In the β-Thal-NS group, VitE had improved RBC pathology as demonstrated by the inverse 
correlation between post-treatment VitE levels and PS-bearing RBCs (p = 0.001) as well as reticulocyte count (p = 0.006), 
although Hb levels remained unchanged. The VitE treatment did not result in improving platelet pathology or 
reducing MPs. No adverse event was reported in both VitE and placebo groups.

Conclusions VitE 400 IU/day was well-tolerated and associated with improved oxidative damage of the RBCs in TD 
β-Thal-NS patients. Accordingly, advice for VitE supplementation in young TD β-Thal-NS patients can be beneficial.

Keywords Vitamin E, Oxidative stress, Red cell pathology, Thalassemia, PS-bearing RBC, Food supplements
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Study protocol
Enrolled patients were asked to stop medications or 
dietary supplement products considered direct antioxi-
dative agents, such as VitE, Vitamin C (VitC), or N-ace-
tylcysteine, if taken, for three months. As the baseline 
cellular oxidative damages could be significantly differ-
ent between splenectomized and non-splenectomized 
patients [16, 18], these two groups of patients were sub-
sequently randomized separately in a fixed block of four, 
using an online randomization tool to receive either oral 
VitE 400 IU/day or placebo (manufactured by Mega Life-
sciences Ltd, Thailand) at 1:1 ratio for 6 months (Fig. 1). 
Compliance of VitE or placebo was assessed by records 
of the capsule return. All other standard treatments were 
continued during the trial. Patients were assessed at the 
hematology clinic every three months to evaluate adverse 
events by directly questioning the possible side effects of 
VitE.

Clinical data and blood sample collection
Clinical and routine laboratory data were obtained from 
medical records. Additional blood samples were col-
lected from the patients before the randomization (T0) 
and at the end of the intervention (T6). These samples 
were obtained in a fasting state and just before the trans-
fusion. The samples were processed for measurements 

of VitE levels, MDA levels and cellular oxidative dam-
age markers, including PS-bearing RBCs, PS-bearing 
RBC vesicles, PS-bearing platelets, PS-bearing MPs, 
PS-bearing RBC-MPs, PS-bearing platelet MPs (PMPs) 
and platelet activation. Moreover, levels of RBC, plasma 
and whole blood nitrite, a circulating nitric oxide (NO) 
metabolite, were analyzed to evaluate the possible asso-
ciation of VitE with the enhancement of NO bioavailabil-
ity. In healthy controls, blood samples were collected at 
only one time-point (T0) and subjected to measurement 
of VitE levels, the cellular oxidative damage markers and 
nitrite levels.

All patients and/or their primary caregivers were asked 
to self-assess VitE and VitC dietary intakes using semi-
food frequency questionnaires (FFQ) at T0 and T6.

Laboratory assessment
Measurement of plasma VitE level was performed by 
high-performance liquid chromatography using HPLC 
ClinRep® Complete Kits (RECIPE Chemicals + Instru-
ments GmbH, Germany) as per manufacturer’s instruc-
tion. VitE deficiency was defined as VitE level < 5  mg/L. 
Serum MDA level was measured using a lipid peroxida-
tion assay kit (Abcam, UK; Catalog number ab118970). 
Hemolytic parameters, including Hb level, reticulo-
cyte count, lactate dehydrogenase (LDH), aspartate 

Fig. 1 Diagram of the study workflow. Patients were randomized to receive vitamin E or placebo for 6 months. In addition to clinical data collection, 
blood samples were obtained for hematological and cellular oxidative damage analysis at baseline (T0) and post-treatment period (T6) in the patient 
group. Cellular oxidative damage analysis was also performed at a single timepoint (T0) in healthy controls for baseline comparison to the data derived 
from the patient group. Abbreviations: CBC, complete blood count; LDH, lactate dehydrogenase; AST, aspartate transferase; TB, total bilirubin; MDA, malo-
ndialdehyde; FFQ, food frequency questionnaire; PS, phosphatidyl serine; RBC, red blood cell; MPs, microparticles; PMPs, platelet microparticles
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transaminase (AST), and total bilirubin (TB), were quan-
tified using standard automated methods. The cellular 
oxidative damage markers were assessed using flow cyto-
metric analysis (see Supplementary Methods). The nitrite 
levels were measured by tri-iodine-based chemilumines-
cence [33, 34] using the chemiluminescence NO analyzer.

Statistical analysis
Data analysis was performed using IBM SPSS® software, 
version 22. Descriptive data were presented as numbers 
(percentage) or mean (standard deviation, SD). A com-
parison of continuous variables was performed using the 
Student’s t-test or Mann-Whitney U test between two 
groups, as appropriate, and by ANOVA among more 
than two groups. A Spearman correlation coefficient 
was calculated to demonstrate the correlation between 
two continuous variables. A p-value less than 0.05 deter-
mined statistical significance.

Results
Characteristics of enrolled subjects and baseline cellular 
oxidative damages of thalassemic cells
A total of 74 patients (63 β- and 11 α-thalassemia) with 
mean (SD) age of 14.4 (2.7) years and 20 healthy controls 

were enrolled (Fig.  1). The patients were further cat-
egorized, according to their presence of spleen, into 
splenectomized β-thalassemia (β-Thal-S, n = 10), non-
splenectomized β-thalassemia (β-Thal-NS, n = 53) and 
non-splenectomized α-thalassemia (α-Thal-NS, n = 11) 
groups for subsequent analysis. The baseline (T0) clinical 
and hematological characteristics of each patient group 
are shown in Table  1. In brief, patients had microcytic 
hypochromic hemolytic anemia and iron overload. All 
except three enrolled patients (α-Thal-NS) had been che-
lated, starting when their ferritin levels were ≥ 1,000 ng/
mL. Deferiprone monotherapy is the first line iron che-
lator for patients aged ≥ 6 years in the country and was 
used in most patients in this cohort. Those who did not 
respond to deferiprone monotherapy and whose ferritin 
levels were ≥ 2,500 ng/mL were given deferasirox mono-
therapy or combination therapy of desferrioxamine/
deferiprone or desferrioxamine/deferasirox or deferi-
prone/deferasirox as appropriate. Nevertheless, the mean 
ferritin levels remained ~ 2,000–3,000 ng/mL in patients 
of all diagnostic groups.

At T0, the mean (SD) VitE level of overall patients 
was significantly lower than that of the healthy controls 
[8.3 (2.4) vs. 9.5 (1.4) mg/L, p = 0.023]. This finding was 

Table 1 Baseline clinical and laboratory characteristics of enrolled subjects
Characteristics Healthy Controls

(n = 20)
Patients P-value
β-Thal-S
(n = 10)

β-Thal-NS
(n = 53)

α-Thal-NS
(n = 11)

Age at enrollment (y) 14.4 (2.8) 15.7 (2.6) 14.2 (2.8) 14.4 (2.7) NS
Sex: male (n, %) 9 (45) 4 (40) 25 (47.2) 5 (45.5) NS
Diagnosis (n, %)
 β-thalassemia major NR 1 (10) 4 (7.5) NR
 β-thalassemia/HbE NR 9 (90) 49 (92.5) NR
 HbH-CS NR NR NR 10 (90.9)
 EA Bart’s-CS NR NR NR 1 (9.1)
Age at initiation of regular transfusion (y) 1.8 (1.2) 3.0 (2.6) 4.2 (2.7) NS
Frequency of transfusion (wk) NR 3.4 (0.5) 3.6 (0.5) 4.2 (1.0) 0.049
Iron chelation (n, %)
 No chelator NR 0 0 3 (27.3)
 Monotherapy NR 7 (70) 42 (79.2) 8 (72.7)
 Combination therapy NR 3 (30) 11 (20.8) 0
Hemolytic parameters
 Hb (g/dL) NA 9.8 (1.0) 9.3 (1.1) 8.9 (1.1) NS
 Reticulocyte count (%) NA 12.6 (5.7) 2.7 (1.3) 7.8 (4.2) < 0.001
 LDH (U/L) NA 154.7 (19.6) 248.6 (108.6) 376.9 (154.3) < 0.001
 AST (U/L) NA 35.3 (17.6) 45.5 (37.3) 59.0 (19.6) 0.022
 TB (mg/dL) NA 2.6 (2.6) 3.0 (1.5) 2.8 (1.1) NS
Ferritin level (ng/mL) NA 3,065.4 (2,011.3) 2,967.8 (2,366.3) 2,253.0 (1,212.2) NS
Vitamin E level (mg/L) 9.5 (1.4) 8.3 (1.6) 8.1 (2.4) 8.8 (3.4) NS
MDA (nmol/mL) NA 1.3 (0.9) 1.4 (0.9) 2.3 (0.5) 0.021
Data presented in mean (SD) unless specified otherwise

Abbreviations: β-Thal-S, splenectomized β-thalassemia; β-Thal-NS, non-splenectomized β-thalassemia; α-Thal-NS, non-splenectomized α-thalassemia; HbH-CS, 
hemoglobin H with hemoglobin Constant Spring (--/αCSα); EA Bart’s-CS, EA Bart’s with hemoglobin Constant Spring (--/αCSα, βE/β); Hb, hemoglobin; LDH, lactate 
dehydrogenase; AST, aspartate transaminase; MDA, malondialdehyde; y, year; wk, week; NR, not relevant; NA, not available; NS, not significant
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remarkably observed in the β-Thal-NS group (Fig.  2A). 
However, none of the enrolled patients had VitE defi-
ciency. Increased LDH was predominantly observed in 
β-Thal-NS and α-Thal-NS groups (Fig.  2B), correspond-
ing with the ability of the intact spleen to remove thalas-
semic RBCs from the circulation; the process is known as 
extravascular hemolysis. Significantly higher numbers of 
PS-bearing RBCs, PS-bearing RBC vesicles, PS-bearing 

platelets, PS-bearing MPs and PS-bearing RBC-MPs 
were noted in the patient compared to the control groups 
(Fig.  2C-G). This suggested that oxidative stress gener-
ated in thalassemia patients generally resulted in variable 
damage to both RBCs and platelets. Additionally, patients 
in the β-Thal-S group were not only found to carry a sig-
nificantly higher number of PS-bearing RBCs but also a 
higher number of PS-bearing platelets and PS-bearing 

Fig. 2 Comparison of baseline (T0) vitamin E level (A), lactate dehydrogenase (LDH) (B), Phosphatidyl serine (PS)-bearing red blood cells (RBCs) (C), 
PS-bearing RBC vesicles (D), PS-bearing platelets (E), PS-bearing microparticles (MPs) (F), PS-bearing RBC-MPs (G) and PS-bearing platelet MPs (PMPs) 
(H) among splenectomized β-thalassemia (β-Thal-S, n = 10), non-splenectomized β-thalassemia (β-Thal-NS, n = 53), non-splenectomized α-thalassemia 
(α-Thal-NS, n = 11) and healthy controls as indicated on the X-axis. Error bars represent the mean (SD) of each parameter
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PMPs compared to the other two patient groups (Fig. 2C, 
E, H). However, there was no significant difference in 
platelet activation observed in this study when compar-
ing the β-Thal-S group and the other patient groups, as 
well as the controls (Supplementary Table S1).

Characteristics of patients in VitE vs. placebo groups
In the intervention period, 4, 26 and 6 patients with 
β-Thal-S, β-Thal-NS and α-Thal-NS, respectively, were 
randomized to receive VitE, while the remaining patients 
were randomized to receive placebo (Fig.  1). Clinical 
characteristics of the patients in each diagnosis group, 
including age, sex, age at initiation of regular transfusion, 
frequency of transfusion and the use of iron chelators 
were comparable between those receiving VitE and pla-
cebo. Additionally, baseline (T0) pre-transfusion Hb level 
and the elevated serum ferritin were not significantly 
different between the two treatment groups as shown 
in Table  2. All enrolled patients completed a 6-month 
intervention period. Mean (SD) compliance of the inves-
tigational capsules was 81.6 (18.7)% in those receiving 
VitE, which was similar to 86.6 (15.8)% in those receiv-
ing placebo (p = 0.22). Among the patients receiving VitE, 
the mean (SD) daily doses were 9.6 (2.9), 10.6 (2.5) and 
10.3 (2.3) IU/Kg body weight in β-Thal-S, β-Thal-NS and 
α-Thal-NS, respectively (p = 0.63). No anticipated adverse 
effects of VitE or placebo, including nausea/vomiting, 
abdominal pain, diarrhea, headache, hypersensitivity 
reaction and abnormal bleeding, were reported during 
the study.

Measures of cellular oxidative damage following VitE 
treatment
VitE supplementation resulted in a significant increase in 
mean plasma VitE level at T6 compared to T0 in β-Thal-S 
and β-Thal-NS groups, while the mean VitE level of the 
patients receiving placebo in all diagnostic groups gener-
ally remained unchanged (Fig. 3A, Supplementary Table 
S2). However, a significant reduction in lipid peroxida-
tion, as measured by MDA, was observed only in the 
β-Thal-NS group (Fig.  3B). Considering cellular oxida-
tive damages, β-Thal-NS patients receiving VitE demon-
strated significantly lower numbers of PS-bearing RBCs 
and PS-bearing RBC vesicles at post-treatment (Fig. 3C, 
D). Additionally, their plasma VitE levels at T6 inversely 
correlated with the number of PS-bearing RBCs (rs = 
-0.635, p = 0.001) and the number of reticulocyte count 
(rs = -0.526, p = 0.006) (Fig. 3E, F). Nevertheless, no sig-
nificant change in Hb level was observed at the end of 
the study. In contrast, the numbers of PS-bearing plate-
lets, PS-bearing MPs, PS-bearing RBC-MPs, PS-bearing 
PMPs and proportion of platelet activation in β-Thal-NS 
patients receiving VitE were not reduced and generally 
accumulated over time (Supplementary Table S2).

Supplementation of VitE 400 IU/day did not associate 
with reduction of cellular oxidative damages in β-Thal-S 
patients, who initially carried higher numbers of patho-
logic blood cells, including PS-bearing RBCs, PS-bearing 
platelets and PS-bearing PMPs, compared to the patients 
in β-Thal-NS and α-Thal-NS groups (Fig. 2, Supplemen-
tary Table S2). Moreover, the VitE treatment did not 
associate with a significant reduction of MDA or signifi-
cant quantitative changes in the majority of measured 
cellular oxidative damages among α-Thal-NS patients. 
No improvement in Hb levels, as well as other hemolytic 
parameters, including reticulocyte count, LDH, AST, and 
TB, in β-Thal-S and α-Thal-NS patients receiving VitE 
were identified at the end of the intervention.

This study also demonstrated that RBC and whole 
blood nitrite levels significantly increased after 6 months 
of intervention in patients of all diagnostic groups. How-
ever, this finding did not occur only in patients receiving 
VitE but also in those receiving a placebo (Supplementary 
Table S2). This suggested a placebo effect on enhanced 
availability of the physiological storage form of NO. 
Dietary intakes of antioxidant vitamins, including VitE 
and VitC, were assessed at the two time points using 
semi-FFQ in patients of all diagnostic groups, and there 
was no difference between those receiving VitE and pla-
cebo (Supplementary Table S3). This implied that the 
dietary antioxidants were unlikely to contribute to the 
observed outcomes in this study.

Discussion
This study primarily demonstrated that a 6-month sup-
plementation of daily oral VitE 400 IU in young TD thal-
assemia patients was associated with improvement of 
cellular oxidative damages, specifically RBC pathology, 
including decreased numbers of PS-bearing RBCs and 
PS-bearing RBC vesicles. However, such an association 
was significantly observed only in the β-Thal-NS group. 
This occurred in parallel with a significant reduction 
in MDA levels found only in the β-Thal-NS but not in 
β-Thal-S and α-Thal-NS groups.

Most previous clinical studies suggested the ben-
efit of VitE in generally reducing oxidative stress in 
β-thalassemia patients [21–23, 25, 27, 29, 31]. Other 
studies specifically showed a reduction of RBC MDA 
following 15 days to 16 months of either VitE alone [30, 
31, 35] or a 4-month supplementation of VitE in combi-
nation with other antioxidative agents [24]. In alignment 
with these latter studies, we further demonstrated that 
oral VitE at 400 IU daily ameliorated RBC but not plate-
let pathology in the β-Thal-NS group. The significant 
inverse correlation identified between post-treatment 
VitE levels and the numbers of PS-bearing RBCs, as well 
as the proportion of reticulocyte count, suggested that 
this RBC pathology amelioration effects of VitE likely 
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led to improvement of hemolysis in β-Thal-NS patients. 
These findings also suggested that reduction in lipid per-
oxidation following VitE treatment may occur in the RBC 
membrane as a primary site. However, pre-transfusion 
Hb levels were not shown to be increased in β-Thal-NS 
patients following the 6-month supplementation period. 
A previous study reported an increase in Hb level after 

12 months of 400 IU/day VitE treatment [21], suggesting 
this clinically significant change might require a longer 
duration of intervention.

In β-Thal-S patients, the enhanced VitE level following 
supplementation tended to result in a reduction of MDA, 
a decrease of PS-bearing RBCs and PS-bearing RBC ves-
icles, although statistical significance was not observed. 

Table 2 Clinical characteristics of the patients in vitamin E and placebo groups
Characteristics Vitamin E Placebo P-value
β-Thal-S N = 4 N = 6
 Age at enrollment 17.0 (2.0) 14.8 (2.8) NS
 Sex: male (n, %) 2 (50) 2 (33.3) NS
 Diagnosis (n, %) NS
  β-thalassemia major 1 (25) 0
  β-thalassemia/HbE 3 (75) 6 (100)
 Age at initiation of regular transfusion (y) 1.8 (1.2) 1.8 (1.3) NS
 Frequency of transfusion (wk) 3.3 (0.5) 3.5 (0.5) NS
 Iron chelation (n, %) NS
  No chelator 0 0
  Monotherapy 2 (50) 5 (83.3)
  Combination therapy 2 (50) 1 (16.7)
 Hb (g/dL) 9.7 (0.8) 9.5 (1.4) NS
 Ferritin (ng/mL) 3,753.3 (2,081.3) 2,523.2 (1,850.7) NS
β-Thal-NS N = 26 N = 27
 Age at enrollment 13.5 (2.4) 14.8 (2.9) NS
 Sex: male (n, %) 10 (38.5) 15 (55.6) NS
 Diagnosis (n, %) NS
  β-thalassemia major 2 (7.7) 2 (7.4)
  β-thalassemia/HbE 24 (92.3) 25 (92.6)
 Age at initiation of regular transfusion (y) 2.4 (1.9) 3.5 (3.1) NS
 Frequency of transfusion (wk) 3.5 (0.5) 3.7 (1.4) NS
 Iron chelation (n, %) NS
  No chelator 0 0
  Monotherapy 20 (76.9) 22 (81.5)
  Combination therapy 6 (23.1) 5 (18.5)
 Hb (g/dL) 9.1 (1.1) 9.7 (1.0) NS
 Ferritin (ng/mL) 3,382.2 (2,572.7) 2,605.8.2 (2,173.7) NS
α-Thal-NS N = 6 N = 5
 Age at enrollment 14.0 (2.9) 14.9 (2.8) NS
 Sex: male (n, %) 3 (50) 2 (40) NS
 Diagnosis (n, %) NS
  HbH-CS 5 (83.3) 5 (100)
  EA Bart’s-CS 1 (16.7) 0
 Age at initiation of regular transfusion (y) 4.3 (3.3) 4.1 (2.3) NS
 Frequency of transfusion (wk) 4.2 (1.0) 4.2 (1.1) NS
 Iron chelation (n, %) NS
  No chelator 1 (16.7) 2 (40)
  Monotherapy 5 (83.3) 3 (60)
  Combination therapy 0 0
 Hb (g/dL) 9.4 (0.8) 8.3 (1.3) NS
 Ferritin (ng/mL) 2,157.5 (1,448.6) 2,372.3 (1,042.5) NS
Data presented in mean (SD) unless specified otherwise

Abbreviations: β-Thal-S, splenectomize β-thalassemia; β-Thal-NS, non-splenectomized β-thalassemia; α-Thal-NS, non-splenectomized α-thalassemia; HbH-CS, 
hemoglobin H with hemoglobin Constant Spring (--/αCSα); EA Bart’s-CS, EA Bart’s with hemoglobin Constant Spring (--/αCSα, βE/β); Hb, hemoglobin; y, year; wk, 
week; NS, not significant
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We hypothesized that a more remarkably observed ini-
tial amount of such RBC pathology in β-Thal-S patients, 
compared with patients of the other two diagnostic 
groups, might require a higher dose of VitE supplement 
to provide the noticeable improvement effects. This was 
supported by a small study showing reversal of impaired 
RBC osmotic fragility after 3- to 6-month VitE 750 IU/
day supplementation in patients with splenectomized 
β-thalassemia major [36]. The current study addition-
ally showed that patients in the α-Thal-NS group did 
not seem to benefit from the VitE treatment. It was pos-
sibly because α-Thal-NS patients primarily carried less 
cellular oxidative damage than β-Thal-S and β-Thal-NS 
patients. The exact reason behind this ineffectual out-
come required further studies.

This study demonstrated that 400 IU/day VitE treat-
ment could not decrease RBC and platelet-derived MPs 
in patients of all diagnostic groups. In contrast, these 
MPs accumulated throughout the disease. This was pos-
sible because the formation of MPs is influenced not 
only by oxidative stress but also by other factors such 
as inflammation, activation of coagulation or comple-
ment systems, and shear stress in the circulation [37]. 
We demonstrated that the VitE supplement did not asso-
ciate with platelet activation/function changes in the 
β-Thal-S group. This was contrary to the finding in a pre-
vious report by Unchern et al. [12], in which the authors 

showed reduced platelet reactivity following 3-month 
VitE supplementation in splenectomized patients. This 
might be because their patients were supplemented with 
a higher dose of VitE (525 IU/day) and platelet reactivity 
in their study was measured by platelet aggregation test, 
while platelet activation in the current study was mea-
sured using flow cytometry. VitE was previously shown 
to have a protective effect in some ischemic injuries, such 
as ischemia-reperfused kidney injury, by enhancing the 
NO reservoir (nitrite) of ischemic tissue [38]. Neverthe-
less, it was found in this study that VitE did not provide a 
benefit over placebo treatment in elevating nitrite levels, 
hence preventing related ischemic effects in thalassemia 
patients.

The data at T0 revealed that young patients with both 
β- and α-thalassemia generally carried higher numbers 
of cellular oxidative damages of both RBC and platelet 
origins compared to controls, similar to that found in 
adult thalassemia patients [9, 16, 17]. This implied cel-
lular pathology caused by oxidative stress accumulated 
since the patients were very young. However, patients in 
this cohort generally had high iron burden due to high 
transfusion to maintain Hb 9–10.5 g/dL in β- and 8–9 g/
dL in α-thalassemia. This could have influenced the 
increase of oxidative damage of the blood cells observed 
at a young age in the study. A recent research support-
ing this showed an association between iron overload 

Fig. 3 Scatter plots of baseline (T0) and post-treatment (T6) vitamin E level (A), malondialdehyde (MDA) (B), Phosphatidyl serine (PS)-bearing red blood 
cells (RBCs) (C) and PS-bearing RBC vesicles (D) in splenectomized β-thalassemia (β-Thal-S, n = 10), non-splenectomized β-thalassemia (β-Thal-NS, n = 53) 
and non-splenectomized α-thalassemia (α-Thal-NS, n = 11) patients as indicated on the X-axis. Error bars represent the mean (SD) of each parameter. Grey 
shades highlight patients randomized to the vitamin E treatment group. Correlation between post-treatment (T6) vitamin E level and PS-bearing RBCs 
(E), as well as reticulocyte count (F) of β-Thal-NS patients are also demonstrated
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and oxidative stress on bone marrow erythropoiesis 
[7]. This data also implied that adequate iron chelation 
is of the utmost importance as a primary treatment to 
minimize oxidative damage. In agreement with related 
studies [9, 16, 18, 19], these pathologic RBCs and plate-
lets were remarkably found in β-Thal-S patients, whose 
bodies could not remove such damaged thalassemic 
cells. The findings aligned with a recent study of similar 
populations, showing more severe oxidative stress and 
damage in splenectomized patients as measured by dif-
ferent markers [5]. The data showed that while α-Thal-NS 
patients had a more severe degree of hemolysis com-
pared to those in the β-Thal-S and β-Thal-NS groups, as 
delineated by higher LDH, they generally suffered lower 
levels of cellular oxidative damage. This supported that 
the degradation of excessive unstable Hb chains and iron 
overload, the leading causes of cellular oxidative damage, 
occurred less in α-thalassemia, mainly non-deletional 
HbH, compared to β-thalassemia patients. Moreover, 
hemolysis in α-thalassemia patients might not only result 
from cellular oxidative damage but is more likely a multi-
factorial process.

In this study, we chose a single dose of VitE 400 IU/day 
during the intervention period across all enrolled patients 
since data on the safety of higher doses used in the long 
term among young patients were limited [31, 39]. While 
no patients suffered from VitE deficiency at baseline, this 
study showed that VitE supplement remained beneficial 
in reducing MDA and specific cellular oxidative damage 
measures, at least in the β-Thal-NS group. No adverse 
event of VitE was reported in this study, suggesting the 
400 IU/day supplement was well-tolerated.

The strength of this study was the double-blind, ran-
domized controlled trial study design, providing an unbi-
ased assessment of both the outcomes and adverse effects 
and the inclusion of both TD β- and α-thalassemia. The 
limitations of this study were the use of only one dose of 
VitE in all patients, the relatively small number of patients 
and the short duration of intervention. Future large 
studies with higher doses of VitE given for at least > 12 
months could be beneficial, especially for patients in the 
β-Thal-S group. Long-term studies are also required to 
determine whether the decreased numbers of PS-bearing 
RBCs and PS-bearing RBC vesicles in β-Thal-NS patients 
receiving VitE lead to a reduced risk of having thrombo-
embolic events.

In conclusion, oral VitE (400 IU/day) supplementation 
for 6 months was well-tolerated and associated with a 
significant reduction in the numbers of PS-bearing RBCs 
and PS-bearing RBCs vesicles, which occurred in paral-
lel with decreased MDA levels, in young TD β-Thal-NS 
patients. These resulted in an improvement in hemo-
lysis, although the Hb level was unchanged. Therefore, 
VitE supplemented to young TD β-Thal-NS patients 

can be beneficial for reducing cellular oxidative damage, 
although more extensive studies with longer follow-up 
duration are required to emphasize the study results.

Abbreviations
AST  Aspartate transaminase
FFQ  Food frequency questionnaires
Hb  Hemoglobin
LDH  Lactate dehydrogenase
MDA  Malondialdehyde
MPs  Microparticles
NO  Nitric oxide
NTD  Non-transfusion-dependent
PMPs  Platelet microparticles
PS  Phosphatidylserine
RBC  Red blood cell
SD  Standard deviation
TB  Total bilirubin
TD  Transfusion-dependent
VitC  Vitamin C
VitE  Vitamin E
α-Thal-NS  Non-splenectomized α-Thal
β-Thal-NS  Non-splenectomized β-Thal
β-Thal-S  Splenectomized β-Thal

Supplementary Information
The online version contains supplementary material available at  h t t p s :   /  / d o  i .  o r  
g  /  1 0  . 1 1   8 6  / s 1 2  8 8 7 -  0 2 5 - 0  5 7 4 1 - 2.

Supplementary Material 1

Supplementary Material 2

Acknowledgements
The authors thank Mega Lifesciences Ltd, Thailand, for manufacturing vitamin 
E and placebo used in this study. We would also like to thank all patients and 
their families for contributing to this study.

Author contributions
N.H. and D.S. Initiated and designed the study; A.C., K.P., N.S., P.C. and D.S. 
provided direction of research and critical comments; N.H. and D.S. reviewed 
the literature; N.H., P.W. and D.S. recruited patients and collected blood 
samples; A.C., N.S., and D.S. took care of patients and provided clinical 
information; C.W., P.I., P.K. and T.K. prepared blood samples and measured MDA 
level; R.P. and P.C. performed and interpreted flow cytometric analysis; T.S. and 
N.S.I. measured and analyzed nitrite levels; P.P. and O.D. designed semi-FFQ 
and analyzed dietary data; N.H., P.C. and D.S. analyzed and interpreted overall 
results and wrote the manuscript; All authors contributed to the data review 
and provided their comments on the manuscripts.

Funding
Open access funding provided by Mahidol University
This research project was supported by the Faculty of Medicine, Ramathibodi 
Hospital, Mahidol University, Thailand (Grant ID: RF_65106 and RF_66091); the 
National Research Council of Thailand (NRCT) and Mahidol University (Grant 
ID: N42A650349); the National Research Council of Thailand (NRCT) (Grant 
ID: N42A670732); and the Royal Golden Jubilee Ph.D. Research Scholarship, 
the National Research Council of Thailand (NRCT) (Grant ID: N41A650104). RP 
was supported by the Royal Golden Jubilee PhD Research Scholarship, the 
National Research Council of Thailand (NRCT) (Grant ID: N41A650104).

Data availability
All data generated or analyzed during this study are included in this article 
and its supplementary information files.

https://doi.org/10.1186/s12887-025-05741-2
https://doi.org/10.1186/s12887-025-05741-2


Page 10 of 11Hemprachitchai et al. BMC Pediatrics          (2025) 25:405 

Declarations

Ethics approval and consent to participate
Ethical approval for this study was obtained from the Human Research Ethics 
Committee, Faculty of Medicine Ramathibodi Hospital, Mahidol University, 
Thailand (COA. MURA2022/150). Written informed consents were obtained 
from all participants and/or guardians of participants aged < 18.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Pediatrics, Faculty of Medicine Ramathibodi Hospital, 
Mahidol University, 270 Rama VI Road, Ratchatewi District,  
Bangkok 10400, Thailand
2Graduate Program in Molecular Medicine, Faculty of Science, Mahidol 
University, Bangkok, Thailand
3Department of Pathobiology, Faculty of Science, Mahidol University, 
Bangkok, Thailand
4Department of Nursing, Faculty of Medicine Ramathibodi Hospital, 
Mahidol University, Bangkok, Thailand
5Research Center, Faculty of Medicine Ramathibodi Hospital, Mahidol 
University, Bangkok, Thailand
6Chakri Naruebodindra Medical Institute, Faculty of Medicine 
Ramathibodi Hospital, Mahidol University, Samut Prakan, Thailand
7Center of Excellence for Microparticle and Exosome in Diseases, 
Department of Research and Development, Faculty of Medicine Siriraj 
Hospital, Mahidol University, Bangkok, Thailand

Received: 8 January 2025 / Accepted: 6 May 2025

References
1. Fibach E, Dana M. Oxidative stress in β-Thalassemia. Mol Diagn Ther. 

2019;23(2):245–61.
2. Scott MD, van den Berg JJ, Repka T, Rouyer-Fessard P, Hebbel RP, Beuzard 

Y, et al. Effect of excess alpha-hemoglobin chains on cellular and mem-
brane oxidation in model beta-thalassemic erythrocytes. J Clin Invest. 
1993;91(4):1706–12.

3. Hirsch RE, Sibmooh N, Fucharoen S, Friedman JM. HbE/β-Thalassemia and 
oxidative stress: the key to pathophysiological mechanisms and novel thera-
peutics. Antioxid Redox Signal. 2017;26(14):794–813.

4. Hershko C. Pathogenesis and management of iron toxicity in thalassemia. 
Ann N Y Acad Sci. 2010;1202:1–9.

5. Allen A, Perera S, Mettananda S, Rodrigo R, Perera L, Darshana T, et al. Oxida-
tive status in the β-thalassemia syndromes in Sri Lanka; a cross-sectional 
survey. Free Radic Biol Med. 2021;166:337–47.

6. Meloni A, Pistoia L, Spasiano A, Cossu A, Casini T, Massa A et al. Oxidative 
stress and antioxidant status in adult patients with Transfusion-Dependent 
thalassemia: correlation with demographic, laboratory, and clinical biomark-
ers. Antioxid (Basel). 2024;13(4).

7. Pan L, Xie Y, Yin X, Huang Y, Yang G, Li C, et al. Oxidative stress damage of Iron 
overload on bone marrow erythropoiesis, heart and liver in Non-Transfusion 
dependent thalassemia. Blood. 2023;142(Suppl 1):5245.

8. Chaichompoo P, Qillah A, Sirankapracha P, Kaewchuchuen J, Rimthong P, 
Paiboonsukwong K, et al. Abnormal red blood cell morphological changes in 
thalassaemia associated with iron overload and oxidative stress. J Clin Pathol. 
2019;72(8):520–4.

9. Chansai S, Yamsri S, Fucharoen S, Fucharoen G, Teawtrakul N. Phosphatidyl-
serine-exposed red blood cells and ineffective erythropoiesis biomarkers in 
patients with thalassemia. Am J Transl Res. 2022;14(7):4743–56.

10. Kheansaard W, Phongpao K, Paiboonsukwong K, Pattanapanyasat K, Chai-
chompoo P, Svasti S. Microparticles from β-thalassaemia/HbE patients induce 
endothelial cell dysfunction. Sci Rep. 2018;8(1):13033.

11. Chaichote W, Sae-Ung N, Fucharoen G, Fucharoen S. Red blood cell micropar-
ticles in hemoglobin E disorders. Int J Lab Hematol. 2015;37(2):e52–5.

12. Unchern S, Laoharuangpanya N, Phumala N, Sipankapracha P, Pootrakul P, 
Fucharoen S, et al. The effects of vitamin E on platelet activity in beta-thal-
assaemia patients. Br J Haematol. 2003;123(4):738–44.

13. Borenstain-Ben Yashar V, Barenholz Y, Hy-Am E, Rachmilewitz EA, Eldor 
A. Phosphatidylserine in the outer leaflet of red blood cells from beta-
thalassemia patients May explain the chronic hypercoagulable state and 
thrombotic episodes. Am J Hematol. 1993;44(1):63–5.

14. Rivella S. Ineffective erythropoiesis and thalassemias. Curr Opin Hematol. 
2009;16(3):187–94.

15. Taher AT, Otrock ZK, Uthman I, Cappellini MD. Thalassemia and hypercoagula-
bility. Blood Rev. 2008;22(5):283–92.

16. Chaichompoo P, Kumya P, Khowawisetsut L, Chiangjong W, Chaiyarit S, 
Pongsakul N, et al. Characterizations and proteome analysis of platelet-free 
plasma-derived microparticles in β-thalassemia/hemoglobin E patients. J 
Proteom. 2012;76(Spec No):239–50.

17. Youssry I, Soliman N, Ghamrawy M, Samy RM, Nasr A, Abdel Mohsen M, et al. 
Circulating microparticles and the risk of thromboembolic events in Egyptian 
beta thalassemia patients. Ann Hematol. 2017;96(4):597–603.

18. Pattanapanyasat K, Gonwong S, Chaichompoo P, Noulsri E, Lerdwana S, 
Sukapirom K, et al. Activated platelet-derived microparticles in thalassaemia. 
Br J Haematol. 2007;136(3):462–71.

19. Klaihmon P, Phongpao K, Kheansaard W, Noulsri E, Khuhapinant A, Fucharoen 
S, et al. Microparticles from splenectomized β-thalassemia/HbE patients play 
roles on procoagulant activities with thrombotic potential. Ann Hematol. 
2017;96(2):189–98.

20. Niki E. Lipid oxidation that is, and is not, inhibited by vitamin E: consid-
eration about physiological functions of vitamin E. Free Radic Biol Med. 
2021;176:1–15.

21. Miniero R, Canducci E, Ghigo D, Saracco P, Vullo C. Vitamin E in beta-thalas-
semia. Acta Vitaminol Enzymol. 1982;4(1–2):21–5.

22. Suthutvoravut U, Hathirat P, Sirichakwal P, Sasanakul W, Tassaneeyakul A, 
Feungpean B. Vitamin E status, glutathione peroxidase activity and the effect 
of vitamin E supplementation in children with thalassemia. J Med Assoc Thai. 
1993;76(Suppl 2):146–52.

23. Haghpanah S, Cohan N, Bordbar M, Bazrafshan A, Karimi M, Zareifar S, et al. 
Effects of three months of treatment with vitamin E and N-acetyl cysteine on 
the oxidative balance in patients with transfusion-dependent β-thalassemia. 
Ann Hematol. 2021;100(3):635–44.

24. Yanpanitch OU, Hatairaktham S, Charoensakdi R, Panichkul N, Fucharoen S, 
Srichairatanakool S, et al. Treatment of β-Thalassemia/Hemoglobin E with 
antioxidant cocktails results in decreased oxidative stress, increased hemo-
globin concentration, and improvement of the hypercoagulable state. Oxid 
Med Cell Longev. 2015;2015:537954.

25. Pfeifer WP, Degasperi GR, Almeida MT, Vercesi AE, Costa FF, Saad ST. Vitamin 
E supplementation reduces oxidative stress in beta thalassaemia intermedia. 
Acta Haematol. 2008;120(4):225–31.

26. Dissayabutra T, Tosukhowong P, Seksan P. The benefits of vitamin C and 
vitamin E in children with beta-thalassemia with high oxidative stress. J Med 
Assoc Thai. 2005;88(Suppl 4):S317–21.

27. Rashidi M, Aboomardani M, Rafraf M, Arefhosseini SR, Keshtkar A, Joshaghani 
H. Effects of vitamin E and zinc supplementation on antioxidants in Beta 
thalassemia major patients. Iran J Pediatr. 2011;21(1):8–14.

28. Ozdemir ZC, Koc A, Aycicek A, Kocyigit A. N-Acetylcysteine supplementation 
reduces oxidative stress and DNA damage in children with β-thalassemia. 
Hemoglobin. 2014;38(5):359–64.

29. Ngarmpattarangkoon D, Pongtanakul B, Chanvorachote P, Meksawan K. 
Effect of vitamin E supplementation on oxidative stress in non-transfusion-
dependent thalassemia. 2016;18:258–65.

30. Rachmilewitz EA, Shifter A, Kahane I. Vitamin E deficiency in beta-thalassemia 
major: changes in hematological and biochemical parameters after a thera-
peutic trial with alpha-tocopherol. Am J Clin Nutr. 1979;32(9):1850–8.

31. Giardini O, Cantani A, Donfrancesco A. Vitamin E therapy in homozygous 
beta-thalassemia. N Engl J Med. 1981;305(11):644.

32. Trangsuwan D, Wongchanchailert M, Mo-suwan L, Chotsampancharoen 
T, Kalpravidh RW, Apiromruck P, et al. Effects of vitamin E on transfusion 
requirements in transfusionDependent Beta-Thalassemia patients. JHSMRR. 
2018;36(3):225–34.

33. Dejam A, Hunter CJ, Pelletier MM, Hsu LL, Machado RF, Shiva S, et al. Eryth-
rocytes are the major intravascular storage sites of nitrite in human blood. 
Blood. 2005;106(2):734–9.



Page 11 of 11Hemprachitchai et al. BMC Pediatrics          (2025) 25:405 

34. Feelisch M, Rassaf T, Mnaimneh S, Singh N, Bryan NS, Jourd’Heuil D, et al. 
Concomitant S-, N-, and heme-nitros(yl)ation in biological tissues and fluids: 
implications for the fate of NO in vivo. Faseb J. 2002;16(13):1775–85.

35. Giardini O, Cantani A, Donfrancesco A, Martino F, Mannarino O, D’Eufemia P, 
et al. Biochemical and clinical effects of vitamin E administration in homozy-
gous beta-thalassemia. Acta Vitaminol Enzymol. 1985;7(1–2):55–60.

36. Kahane I, Rachmilewitz EA. Alterations in the red blood cell membrane and 
the effect of vitamin E on osmotic fragility in beta-thalassemia major. Isr J 
Med Sci. 1976;12(1):11–5.

37. Burnouf T, Chou ML, Goubran H, Cognasse F, Garraud O, Seghatchian J. 
An overview of the role of microparticles/microvesicles in blood com-
ponents: are they clinically beneficial or harmful? Transfus Apher Sci. 
2015;53(2):137–45.

38. Uysal F, Girgin FK, Tüzün S, Aldemir S, Sözmen EY. Effect of vitamin E on 
antioxidant enzymes and nitric oxide in ischemia-reperfused kidney injury. 
Biochem Mol Biol Int. 1998;44(6):1255–63.

39. Machlin LJ. Use and safety of elevated dosages of vitamin E in adults. Int J 
Vitam Nutr Res Suppl. 1989;30:56–68.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	Measures of cellular oxidative damage following vitamin E supplementation in young patients with transfusion-dependent thalassemia: a double-blind randomized controlled trial
	Abstract
	Introduction
	Methods
	Study design and participants
	Study protocol
	Clinical data and blood sample collection
	Laboratory assessment
	Statistical analysis

	Results
	Characteristics of enrolled subjects and baseline cellular oxidative damages of thalassemic cells
	Characteristics of patients in VitE vs. placebo groups
	Measures of cellular oxidative damage following VitE treatment

	Discussion
	References


