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Abstract
Purpose The Haemoglobin E (HbE) trait is a common inherited haemoglobinopathy. HbE carriers have mild hypochromic 
microcytic erythrocytes results in susceptibility to oxidative damage. Acute exhaustive exercise effects on metabolism eleva-
tion contribute to more reactive oxygen species (ROS) formation. This study was to determine and compare the levels of total 
antioxidant capacity (TAC) and oxidative markers, such as malondialdehyde (MDA), protein carbonyl (PC), and 8-hydroxy-
2’-deoxyguanosine (8-OHdG) after an acute single bout of treadmill exercise in HbE-trait subjects and healthy controls.
Methods Fourteen subjects with the HbE trait and 14 healthy subjects performed the treadmill exercise at 80% maximum 
heart rate using the Bruce protocol. Blood samples were collected for oxidative stress analysis at pre-exercise, post-exercise, 
and 60 min post-exercise.
Results At baseline, the TAC levels in HbE traits were significantly higher than that of the control group (P = 0.021). The 
TAC levels in HbE subjects were elevated after exercise and subsequently reduced significantly at recovery (P = 0.012 when 
compared with pre-exercise). Furthermore, TAC in the control group at different time points displayed no significant dif-
ferences. Moreover, the levels of MDA and PC in both HbE subjects and healthy controls tended to increase after exercise 
and returned to baseline 60 min post-exercise. Furthermore, the 8-OHdG level tended to continuously increase over time 
in both groups.
Conclusion This study suggested that HbE-trait subjects displayed loss of oxidative stress homeostasis after acute exhaus-
tive exercise. Therefore, oxidative stress imbalance in HbE carriers could be considered when performing the strenuous 
activity in daily life.
Thai clinical trials registry number TCTR20201103005, date of registration: 3 November 2020.
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Introduction

Hemoglobin E (HbE) is a hemoglobinopathy commonly 
found in Southeast Asia including Thailand [1]. It is clas-
sified into the β globin chain abnormality resulting from a 
substitution of glutamic acid by lysine at codon 26 of the 
β globin gene. This mutation causes β globin chain reduc-
tion and contributes to a thalassemia [2]. Moreover, HbE is 
able to combine with other forms of beta-globin, such as in 

βE-thalassemia, which has been identified as a significant 
health problem in Thailand [3, 4]. Beta-thalassemia patients’ 
have unstable and abnormal red blood cells and also have 
increased iron accumulation, as well as platelet and vas-
cular stimulation, in their tissues due to haemolysis [3, 4]. 
Iron accumulation in red blood cells generates free radicals, 
which causes diverse clinical complications and multiple 
organ dysfunction [5]. Although HbE carriers are usually 
asymptomatic, and their RBCs are characterised by minimal 
morphological disorder, their RBCs still display genetic and 
hemoglobin level abnormalities, which may result in high 
free-radical production [1].

The potential harmful effects of free radicals are cellular 
disorganisation and destruction, affecting DNA, proteins, 
and lipids. Lipid damage produces malondialdehyde (MDA) 
as a by-product. Furthermore, protein carbonyl (PC) is a 
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product of protein oxidation or protein carbonylation [6, 
7]. Additionally, DNA deterioration is usually performed 
via 8-hydroxy-2’-deoxyguanine (8-OHdG) [8]. To correct 
an oxidative imbalance, various antioxidant mechanisms 
are activated, including vitamin E, glutathione (GSH), and 
superoxide dismutase (SOD; a superoxide radical scaven-
ger) [9]. Previous oxidative stress reports have demonstrated 
that β-thal/HbE patients have elevated oxidant levels of 
MDA, reactive oxygen species (ROS), PC, and SOD enzy-
matic antioxidants, whereas GSH is decreased [10, 11]. In 
β-thalassemia major and β-thalassemia carriers, the concen-
tration of total antioxidant status (TAS) and MDA are higher 
than that of healthy controls [12, 13]. However, the minimal 
amount of information available related to oxidative stress in 
HbE patients remains unclear and inconsistent. Some reports 
have claimed that glutathione peroxidase (GPx) is no dif-
ference between HbE carriers and control, whereas TAS is 
low [14]. However, Chakraborty et al. reported the reduc-
tion of GPx in HbE patients [10]. Thus, oxidative stress and 
iron overload may play key roles in the pathophysiology of 
thalassemia and its associated complications.

Regular exercise is considered beneficial and is able to 
reduce the risk of disorders of the cardiovascular, endocrine, 
and osteomuscular systems, as well as immune system dis-
eases and the onset of neoplasms. Intense physical exer-
cise results in an elevated energy requirement, increasing 
oxidative phosphorylation considerably leading to reactive 
oxygen species (ROS) overproduction and subsequent oxi-
dative damage in biological molecules [15, 16]. Exercise-
associated physiological pathways, including those involved 
in muscle injury, enlarged phagocytic activity, disruption 
to iron-containing proteins, and the production of xanthine 
oxidase can also result in altering the balance between pro-
oxidants and antioxidants [17]. There is convincing evidence 
of the risks of oxidative stress induced by intense exercise 
is not only healthy individuals but also those with various 
acute and chronic diseases, including thalassemia [18–20]. 
The concentration of oxidative stress is generally high and 
antioxidant levels low after a single bout of exercise among 
patients with hemoglobinopathy, such as sickle cell ane-
mia and β thalassemia/HbE [15, 20]. Several studies have 
evaluated the antioxidant and oxidant status of patients with 
thalassemia. Most of them have concentrated on severe and 
intermediate states and, thus, minimal information is pro-
vided for heterozygote profiles.

To summarize, evidence of the oxidative stress status in 
the HbE trait is inconsistent. Strangely, to our knowledge, 
only one study has considered exhaustive exercise as a factor 
affecting antioxidant levels. Palasuwan [14] reported that 
decreased glutathione peroxidase levels in HbE subjects fail 
to recover to baseline levels 45 min post-exercise; however, 
antioxidant levels were improved in trained subjects. These 
data do not include the subjects’ oxidant status. Patients with 

HbE traits have characteristics similar to healthy individuals. 
Therefore, they might engage in activities without consider-
ing potential health complications such as muscle pain and 
damage, oxidative stress imbalance leading to tissue injury, 
or hemolysis anemia. In this study, we attempt to elucidate 
whether a single bout of exhaustive exercise has an effect 
on the antioxidant and oxidant status of HbE carries. We 
hypothesise that the oxidant/antioxidant status of individuals 
with HbE traits is similar to healthy controls. We expect a 
poorer oxidative balance in individuals with HbE traits after 
exercise than in healthy controls. We believe that this study 
has the potential to provide useful information for HbE car-
riers regarding strenuous activities or even daily life.

Methods

Participants

The case–control study was conducted from January 2015 
to June 2016. Fourteen HbE carriers and 14 healthy subjects 
were recruited for the study. Healthy participants and HbE-
trait subjects who reported no regular exercise and who did 
not take any antioxidant supplements were assigned to per-
form a single bout of intense physical exercises. The groups 
of HbE carriers and controls were determined by HbE 
screening using a dichlorophenol indophenol precipitation 
(DCIP) test (KKU-DCIP Reagent Kit, Thailand) and com-
plete blood count (mean corpuscular volume [MCV] < 80 
fL), and confirmed by Hb typing with capillary electrophore-
sis (Capillarys 2 Flex Piercing, Sebia, France). The protocol 
was approved by the Human Research Ethics Committee 
(REC 57-333-19–9) and complied with guidelines set by 
the Declaration of Helsinki. The subjects were volunteers 
and gave their written informed consent and agreed before 
participating in the study (Fig. 1). This research was regis-
tered Thai clinical trials registry with the registration num-
ber TCTR20201103005.

Physical exercise programme

The exercise programme was conducted at the department 
of Physical therapy, Faculty of medicine in Songklanagarind 
hospital. All participants performed an experiment under 
safety circumstances, under ethical human trials and with 
competent cardiorespiratory physiotherapist and rehabilita-
tion and the best and most effective exercise equipment.

Gender- and age-matched HbE carriers (n = 14) and 
healthy controls (n = 14) completed a medical examination, 
including height, weight, blood pressure, heart rate (HR), 
and respiratory rate (RR) measurements. Moreover, maxi-
mal oxygen consumption  (VO2 max), which is the maxi-
mal consumption of oxygen in 1 min per kilogram of body 



791Sport Sciences for Health (2022) 18:789–797 

1 3

weight and indicates the physical fitness and endurance an 
individual, was estimated using the Bruce formula:  VO2 max 
(mL/kg/min) = 14.76–(1.379 × T) + (0.451 ×  T2)–(0.012 ×  T3) 
for males and  VO2 max (mL/kg/min) = (4.38 × T)–3.9 for 
female [21]. The subjects exercised on a standard treadmill 
(T9250S, Vision Fitness, UK) according to the Bruce pro-
tocol [22]. After a 1-min warm-up at a speed of 2.74 km/hr, 
the treadmill procedures, which increased progressively in 
3-min stages, were followed until 80% of the participant’s 
submaximal heart rate was reached, and running was main-
tained at this stage for 5–10 min, until the onset of fatigue, 
as indicated by volitional exhaustion [23]. Each partici-
pant’s heart rate was measured throughout the exercise using 
a chest belt monitor (Polar FT1, Polar Electro, Kempele, 
Finland). The Bruce protocol included a combination of 
increasing the treadmill speed and incline (Table 1).

Blood sample collection

Before beginning the treadmill exercise, 3 ml blood samples 
were collected in EDTA tubes (pre-exercise). Then, blood 

samples were obtained immediately after the end of exercise 
(post-exercise) and 1 h into recovery (recovery). Plasma was 
obtained by centrifugation at 4000 rpm for 10 min and kept 
at  – 20 °C until antioxidant capacity and oxidative marker 
(MDA, PC, and 8-OHdG) analyses were conducted.

Total antioxidant capacity (TAC) by Trolox 
equivalent antioxidant capacity (TEAC) [24, 25]

The total antioxidant capacity (TAC) of biomolecules was 
determined based on the conversion of oxidised  ABTS⋅+ (2, 
2-azinobic-[3-ethybenzothaiazoline-6-sulphonic acid] diam-
monium salt; Sigma-Aldrich, USA) radicals to ABTS. Anti-
oxidants neutralise radicals in a concentration-dependent 
manner, which is associated with a proportional decrease in 
color intensity (from blue to colourless). Antioxidant capac-
ity in the sample was compared to known concentrations of 
Trolox standard, a vitamin E analogue, which varied from 
0.0625 to 2.5 mM in a 96-well microtiter plate. One ml of 
 ABTS⋅+ was mixed with 10 μl of plasma; then, it was incu-
bated at room temperature for 6 min, and the absorbance was 
measured at 734 nm. Results were expressed in mM.

Malondialdehyde (MDA) by Thiobarbituric acid 
(TBA) [24, 25]

MDA levels were used as a marker for lipid peroxida-
tion, as they are a widely used marker of oxidative stress. 
The concentration of plasma MDA was determined using 
thiobarbituric acid reactive substances (TBAR) accord-
ing to a previous method, with minor modifications. The 
160 μl plasma samples were mixed with 160 μl of 10% 
tricholoacetic acid (TCA), shaken vigorously, and then cen-
trifuged at 13,000 rpm for 10 min at 4 °C. The supernatants 
were incubated with 0.67% TBA at 95 °C for 10 min. After 
cooling, the level of TBARs (pink chromogen) was meas-
ured at 532 nm using a nanodrop spectrophotometer (Ther-
moScientific, USA), with 1,1,3,3-tetraethoxypropane as the 
standard. Results were expressed in μM.

Protein carbonyls (PC) 
by 2,4‑dinitrophenylhydrazine (DNPH) [26]

PCs were determined using the 2,4-dinitrophenolhydrazine 
(DNPH) spectrophotometric method according to the modi-
fied Levine method. Briefly, 200 μl of plasma was incubated 
with 800 μl of DNPH at room temperature for 1 h in the 
dark. Proteins were precipitated by 1 ml of 20% TCA for 
5 min on ice and then centrifuged at 10,000 rpm for 10 min 
at 4 °C. The pellets were suspended with 10% TCA on ice 
for 5 min, and centrifugation was repeated. The protein 
pellets were washed three times with 1 ml of 1:1 ethanol/
ethyl acetate and resuspended with 500 μl of 6 M guanidine 

Fig. 1  Schematic representation of the study protocol. Subjects are 
joined in an exercise programme at different time. Venous blood sam-
ples were taken during the baseline, immediately post-exercise, and 
recovery to determine antioxidant/ oxidant status

Table 1  Treadmill exercise using the Bruce protocol

Stage Time (min) Slope (% grade) Speed (km/h)

1 0 10 2.74
2 3 12 4.02
3 6 14 5.47
4 9 16 6.76
5 12 18 8.05
6 15 20 8.85
7 18 22 9.65
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hydrochloride; next, they were centrifuged at 10,000 rpm for 
10 min. The carbonyl content was measured at a wavelength 
of 375 nm with an ELISA microplate spectophotometer 
(PowerWave XS2, Biotex, USA). PC levels were calculated 
using the molar absorption coefficient, 22,000  M− 1  cm− 1. 
The results were expressed in nmol/L.

8‑hydroxy‑2’‑deoxyguanosine (8‑OHdG) 
as a measure of DNA/RNA oxidative damage.

The level of oxidative-damaged guanine, such as 8-OHdG, 
in the plasma was determined using an ELISA kit (Cay-
man Chemical, USA) according to the manufacturer’s rec-
ommended procedure. This assay is based on competition 
between 8-OHdG in the plasma sample and 8-OHdG ace-
tylcholinesterase conjugate (an 8-OHdG tracer) for a limited 
number of DNA/RNA oxidative damage monoclonal anti-
bodies. The amount of tracer able to bind with monoclonal 
antibodies is inversely proportional to the concentration of 
8-OHdG. The results were reported as ng/ml.

Statistical analysis

Statistical analyses were performed using IBM SPSS ver-
sion 23 software (SPSS Inc., Chicago, USA). All data were 
presented as the mean ± SD. The distribution of the continu-
ous variables was checked for normality before the analysis. 
Then the student’s t-test was used to compare the results 
between HbE-trait subjects and normal controls. Moreo-
ver, the difference between mean values of the antioxidant 
and oxidant markers across the pre-exercise, post-exercise, 
and recovery were compared within groups using one-way 
repeated measure analysis of covariance (repeated measure 
ANCOVA). The oxidative stress markers: TAC, MDA, PC, 
and 8-OHdG levels at pre-exercise were separately used as 
a covariate in the ANCOVA. Pairwise post hoc hypotheses 
were tested the significant association within the group using 
the Bonferroni correction for multiple comparisons. For all 
statistical data, P < 0.05 was considered significant.

Results

HbE trait screening

The participants were screened for HbE using positive 
DCIP and complete blood count (CBC) results, and their 
status was confirmed using Hb typing. Haematological 
parameters demonstrated that MCV and mean corpuscu-
lar hemoglobin (MCH) were significantly lower in HbE-
trait subjects than in controls. However, the number of 
RBCs and red cell distribution widths (RDWs) were sig-
nificantly higher in HbE subjects than in healthy controls. 

Thus, RBCs were hypochromic microcytic in HbE carri-
ers. According to hemoglobin typing, the amounts of HbE 
in HbE carriers ranged from approximately 23% to 26% 
(data not shown).

Anthropometric and fitness characteristics

Sex- and age-matched participants performed an exer-
tional treadmill exercise, and their physical fitness was 
measured (Table 2). The results revealed no significant 
differences between the two groups in various parameters. 
However, we found lower heart rates in HbE individuals 
post-exercise when compared with controls. The baseline 
heart rate in HbE carriers was lower than in controls; fur-
thermore, rapidly increasing heart rate values appeared 
to be smaller in HbE carriers than in controls. However, 
their heart rate was still within the normal range. Thus, 
both groups displayed similar physical fitness. This result 
indicates that participants with HbE traits who displayed 
certain weaknesses in terms of RBCs did not demonstrate 
poor fitness. Both HbE carriers and controls had similar 
strength; therefore, no confounding factors affected the 
results of the oxidative status examination.

Table 2  Anthropometric and fitness characteristics of the study popu-
lation

Data presented as mean ± SD. *Significant difference, p = 0.045- stu-
dent’s t-test for continuous variable

Variables HbE trait (n = 14) Normal (n = 14)

Gender (male/female) 3/11 2/12
Age (years) 20.36 ± 1.86 20.42 ± 1.02
BMI (kg/m2) 20.66 ± 4.08 21.52 ± 5.16
VO2max 54.15 ± 5.82 58.28 ± 8.07
Systolic (mm Hg.)
Baseline 108.28 ± 10.04 103.28 ± 8.77
After exercise 113.78 ± 15.32 116.93 ± 11.22
Recovery 102.86 ± 11.8 98.28 ± 16.30
Diastolic (mm Hg.)
Baseline 63.57 ± 4.43 63.78 ± 7.13
After exercise 67.28 ± 10.57 66.57 ± 9.91
Recovery 65.43 ± 7.27 63.14 ± 7.74
Heart rate (beats/min)
Baseline 75.86 ± 9.80 79.21 ± 10.75
After exercise* 116.00 ± 11.15 128.14 ± 18.5
Recovery 88.00 ± 9.45 95.64 ± 10.61
Respiratory rate,
(beats/min)
Baseline 21.14 ± 3.32 22.64 ± 4.20
After exercise 29.93 ± 4.30 33.21 ± 6.22
Recovery 21.0 ± 3.00 20.41 ± 3.16
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Total antioxidant capacity (TAC) at baseline 
and after submaximal exercise

At pre-exercise, the level of total antioxidants was signifi-
cantly higher in HbE carriers than in the control group (HbE 
4.348 ± 0.140 mM, control 4.114 ± 0.315 mM,P = 0.021) 
(Fig. 2). There is a time effect to the level of TAC, therefore, 
ANCOVA testing considering TAC at baseline as covari-
ate was performed. The TAC level at post-exercise (HbE 
4.365 ± 0.090 mM and control 4.174 ± 0.379 mM) and recov-
ery (HbE 3.998 ± 0.384 mM and control 4.178 ± 0.412 mM) 
did not differ significantly between both groups (adjusted 
P-value 0.096 and 0.220, respectively). Time difference 
analysis within-group revealed that the level of TAC in 
HbE carriers at recovery was statistically significant lower 
than pre-exercise (P = 0.012). Furthermore, the level of total 
antioxidants did not reach statistical significance at any time 
point in controls (Fig. 2).

The concentrations of oxidative stress markers

The levels of MDA, PC, and 8-OHdG were determined in 
both E-trait and healthy control groups. There were no sig-
nificant differences between HbE and normal subjects in 
MDA, PC, and 8-OHdG concentrations (Fig. 3). When the 
results were analysed according to the time difference, we 
found no statistical difference for MDA in both the HbE 
and normal control groups at baseline and submaximal 
exercise. In addition, at the recovery state, PC levels were 
significantly lower than at the post-exercise state (P = 0.001) 
in the normal group. However, PC concentrations tended to 
increase immediately post-exercise and declined progres-
sively toward baseline values within 1 h of recovery in both 
groups. On the other hand, the 8-OHdG levels tended to 

continuously increase over time in either HbE-trait subjects 
or normal controls (Fig. 3).

Discussion

HbE trait carriers’ physical fitness was identical to that of 
healthy controls, indicating their oxidant/ antioxidant status 
might not have been confounded by strength or physical abil-
ity. The main results of this study demonstrate that the TAC 
level at baseline was significantly higher in HbE carriers 
than in healthy controls. These results are similar to those 
of previous studies. Some studies have documented that 
TAC levels are significantly higher in thalassemic patients, 
including β-thalassemia major [14]. Kalpavidh’s [11] study 
revealed increased SOD and GPx in thalassemia/HbE 
patients, while Palasuwan [27] reported that GPx activity 
is higher in individuals with the HbE trait than in controls. 
The increased antioxidant status of individuals with HbE 
traits is due to the compensatory antioxidant response aris-
ing from an excessive oxidative stress-dependent elevation 
in the proportion of younger RBCs which were increasing to 
compensate for the low Hb level. This explanation suggests 
erythrocytes may play a role as a protective mechanism in 
reducing pro-oxidants.

Oxidant markers in this study, including MDA, PC, and 
8-OHdG, displayed no significant differences in individu-
als when compared between HbE traits and healthy con-
trols. The oxidant status results at baseline levels were in 
line with Palasuwan et  al. [27] study, suggesting MDA 
concentrations in HbE carriers and controls did not differ 
significantly. However, Kalpravidh et al. [11] found that in 
β-thalassemia subjects with HbE, MDA levels increased 
along with antioxidant concentrations when compared with 
healthy controls. Previous studies have supported the asso-
ciation between elevated MDA plasma levels and antioxidant 
capacity and thalassemia [12, 13, 28]. Our baseline oxidative 
marker results suggest that in daily life, HbE carriers may 
have good physical fitness and an oxidative balance similar 
to healthy controls.

This study produced findings regarding the balance in 
oxidation after vigorous activity in HbE carriers. All partici-
pants engaged in an acute exhaustive exercise as an extensive 
activity model. The important findings are the significant 
TAC reduction in the recovery state in HbE-trait subjects 
when compared with pre-exercise, whereas no effects are 
observed in the control group. This finding demonstrates 
that HbE carriers have an impaired physiological adaptation 
that counterbalances the increase in pro-oxidants following 
exercise. Data on the impact of exercise on serum TAC and 
oxidative markers for the HbE trait are not available in the 
literature. Previous studies have investigated the effect of 
exercise on GPx. The data showed failure in antioxidant 

Fig. 2  Total antioxidant capacity (TAC) in HbE carriers and controls 
at pre-exercise, post-exercise, and recovery. Values are presented as 
means ± SD. #Significant difference between HbE trait and control 
group  using student’s t-test. *Significant difference between catego-
ries within the group using the Bonferroni multiple comparison post-
hoc test



794 Sport Sciences for Health (2022) 18:789–797

1 3

turnover at 45 min after exercise to the baseline [18]. In addi-
tion, Faes C. depicted results on anti-oxidant status that the 
levels of SOD and GPX were higher at postexercise, 1 and 
24 h into recovery, while the catalase activities were lower 
at 2 and 24 h after exercise when compared with baseline 
[29]. In contrast to the present study, Chaki [23] reported 
elevated SOD levels in pubertal males immediately after 

exercise. Moreover, Bogdanis [19] found that TAC, GPx, 
lipid peroxidation, and PC were elevated above baseline 24 h 
post-exercise in healthy men. We proposed that the impaired 
antioxidant mechanism in HbE carriers could be caused by 
two mechanisms. First, the assessment of antioxidant only 
in the plasma might not represent the whole activity of TAC 
because the RBCs also play a crucial role in antioxidant 

Fig. 3  Malondialdehyde 
(MDA), Protein carbonyl 
(PC), and 8-hydroxy-2′-
deoxyguanosine (8-OHdG) in 
HbE carriers and controls at 
pre-exercise, post-exercise, and 
recovery. Values are presented 
as means ± SD. *Significant 
difference between categories 
within the group using the 
Bonferroni multiple comparison 
post-hoc test
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capacity [29]. Second mechanism was the haemolysis of 
unstable RBCs. Haemolysis could not only increase iron 
molecules or ROS production but also decrease the level of 
antioxidant molecules in the body, leading to a loss of anti-
oxidant capacity. Furthermore, exercise-induced haemolysis 
contributed to various mechanisms including physical and 
metabolic mechanisms. Direct mechanical injuries, such as 
repeated muscle contractions, can cause erythrocyte rupture. 
Moreover, metabolic factors (e.g., hyperthermia, hypoxia, 
shear stress, dehydration, and oxidative damage) can con-
tribute to RBC membrane impairment. Therefore, patients 
with certain erythrocyte disorders, such as the HbE trait, 
may be vulnerable to increased exercise-induced haemolysis 
[30].

Oxidant markers, the MDA and PC concentrations, 
tended to increase immediately after exercise and decline 
toward baseline values in the hour post-exercise, while 
the expression of 8-OHdG was not significantly different. 
The exercise-induced free radical production, resulting in 
increased levels of oxidative markers. In line with our study, 
Bloomer et al.[16] demonstrated that MDA and PC levels 
were elevated after exercise in healthy subjects and gradually 
decreased at 1, 6, and 24 h post-exercise. However, 8-OHdG 
levels were not significantly different. The increase in PC 
concentrations immediately post-exercise may be due to 
an increased oxygen influx in mitochondria, leading to an 
increased leakage of free radicals. A slight elevation in MDA 
levels immediately after exercise may result from not only 
the short half-life of MDA contributing to a rapid return to 
the baseline but also exercise intensity. The 8-OHdG levels 
might have remained unchanged because the short duration 
and level of exercise were insufficient to cause DNA damage. 
Additionally, 8-OHdG measurements derived from blood 
samples are not a good representation of damage because the 
concentration of 8-OHdG might be diluted when compared 
with concentrations in injured muscles or organs affected by 
exercise [16]. Contrary to our findings, MDA level remained 
increased in sickle cell trait during the whole recovery phase 
(1, 2, and 24 h), whereas, PC increased at postexercise and it 
return to baseline during recovery [29]. The different types 
of thalassemia could describe this inconsistency. Our data 
reveal the turnover of oxidative substances to the baseline 
in individuals with HbE traits, indicating the antioxidant 
defence system was stimulated to balance oxidant produc-
tion. Overall, the results support our hypothesis that a poorer 
oxidative balance occurs in individuals with HbE traits after 
exercise than in healthy controls. However, the supplement 
with vitamin E, which is an essential antioxidant food, in 
HbE traits were able to improve antioxidant capacity and 
reduce lipid peroxidation [22, 27].

Despite the potential usefulness of the findings, there are 
some limitations that should be acknowledged. First, the 
sample size was rather small, some participants exercised 

less vigorously than others due to differences in endurance, 
which may have affected the level of oxidative stress. Sec-
ond, we did not measure hemoglobin levels or iron status 
such as ferritin, which could have contributed to oxidative 
stress accumulation, to determine red blood cell lysis post-
exercise. Third, it is possible that unassessed latent variables 
might have had an influence, and oxidative stress measures 
at 6 or 24 h post-recovery may be different from earlier 
measures. Accordingly, future studies might assess other 
time points to track changes in the oxidative balance in HbE 
trait carriers and evaluate other possible associated blood 
markers, such as muscle markers, iron status and antioxi-
dant markers (for example SOD, GPx, and CAT). Indeed, 
although the HbE trait carriers were apparently normal and 
had a similar level of physical fitness as the healthy controls, 
the possibility of some degree of metabolic disturbance can-
not be excluded.

Conclusions

Our results demonstrate that a bout of progressive acute 
exercise has no deleterious effects on oxidative stress in 
healthy persons. However, this type of exercise may impact 
oxidative stress in HbE carriers by reducing their antioxidant 
capacity. This data could be useful in cautioning individuals 
with HbE traits to consider the types or intensity of activities 
they engage in to prevent tissue or organ such as erythrocyte 
and muscle damage from oxidative imbalance. In addition, 
HbE carriers should consume more antioxidant supplements, 
including antioxidant-rich foods, for increased antioxidant 
efficiency.
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