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Abstract
Migraine is one of the most common neurological disorders associated with recurrent attacks of moderate to severe headache. 
Oxidative stress may play an important role in migraine pathogenesis. This study aimed to measure and compare the serum 
levels of Selenium, total antioxidant capacity (TAC), and malondialdehyde) MDA (in migraine patients and healthy individuals. 
This case–control study was performed on 31 migraine patients and 30 age and gender-matched healthy controls. The severity 
of headache was assessed with a standard questionnaire, and the serum levels of Selenium (Se), MDA, and TAC were measured 
via biochemical methods. The odds of migraine were calculated across quartile of Se and oxidative stress biomarkers via binary 
logistic regression. Migraine patients had a significant lower Se levels (81.06 ± 8.66 vs. 88.94 ± 10.23 μg/L, P = 0.002) and a 
significant higher MDA levels (3.04 ± 1.74 vs. 2.06 ± 0.59 nmol/ml, P = 0.005) compared to healthy participants. Although 
serum TAC levels (1.34 ± 0.34 vs.1.37 ± 0.33 mmol/L, P = 0.755) were not significantly different between migraine patients 
rather than healthy subjects. Individuals in the lowest quartile of Se levels were about eleven times more likely to have migraine 
than those in the highest quartile (OR: 11.2; 95%CI: 1.57 to 80.2; P-trend: 0.016). Besides, being in the highest quartile of 
the serum MDA level, the odds of having migraine increases 15.4 times compared to the lowest quartile (OR = 15.4, 95%CI: 
1.1 to 221, P = 0.044). No significant association was found between TAC and migraine. The lower Se and MDA levels in 
migraine patients gives rise to the probability which oxidant status may play an underlying role in migraine pathophysiology.
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Introduction

Migraine is a primary headache triggered by increased cen-
tral nervous system irritability [10, 42] and is one of the 
most common chronic and debilitating diseases affecting 10 

to 20% of world population [15, 34]. Migraine also increases 
the risk of stroke and cardiovascular disease [19]. Lack of 
specific biological markers is a major obstacle to the early 
diagnosis of migraine and its causative factors [29]. Preven-
tive treatment for migraine is sometimes limited by the side 
effects of medications [11, 20]. The molecular mechanisms 
of migraine attacks are not fully understood. Oxidative stress 
and impaired mitochondrial metabolism have largely con-
tributed to the reduced threshold of headache. Single free 
electrons damage various macromolecules such as lipids, 
proteins, carbohydrates, deoxyribonucleic acid (DNA), and 
eventually the whole cellular integrity. Oxidative stress can 
play an important role in migraine pathogenesis by altering 
cerebral blood flow [4, 17, 21, 26]. Selenium (Se) involves in 
many nervous system functions and neuronal pathways [12]. 
The total amount of Se in the body is 10–20 mg, which var-
ies depending on living place, food sources, and health. The 
brain contains 2.3% of the total body’s Se, and in Se defi-
ciency, the brain has a priority to get it. Se as a trace element 
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is incorporated into selenoproteins which are present in the 
brain [9]. Selenoproteins such as glutathione peroxidases 
(GPx), thioredoxin reductases (TrxRs), or selenoprotein P 
(SelP have antioxidant activity; play an important role to 
maintain the physiological function of neurons and glial cells 
[43]; hence, dysfunction or destruction of these enzymes can 
lead to brain damage [14]. In animal models of headache 
inflicted by glyceryl trinitrate, Se showed protective roles 
as an antioxidant [32]. Considering the global burden of 
migraine and the limited or contradictory evidences regard-
ing the role of oxidant status in this patients [40], the present 
study was carried out to investigate the serum levels of Se, 
malondialdehyde (MDA) as a marker of lipid peroxidation, 
and total antioxidant capacity (TAC) in migraine patients 
and healthy individuals to uncover any possible association 
of these parameters with migraine characteristics and finally 
for better management of these patients.

Materials and Methods

Study Design and Participants

Among the patients with headache referred to the neurology 
clinic of Valiasr Hospital, Arak, Iran, 31 migraine patients 
aged 20–50 years were selected according to International 
Headache Society criteria (ICHD) [22] via a neurologist 
(F.F) and enrolled in the present case–control study dur-
ing the year 2019. Thirty age- and gender-matched healthy 
volunteers were also included in this study. The study was 
approved by the ethics committee of Science and Research 
Branch, Islamic Azad University, Tehran, Iran (IR.IAU.SRB.
REC.1397.167). All subjects were informed about the study, 
and written consent was obtained.

Inclusion and Exclusion Criteria

Eligible participants were women between 20 and 50 years 
of age with migraine, those who were willing to participate 
in the trial included. The patients with any gastrointesti-
nal, renal, hepatic, lung or heart disease, diabetes mellitus, 
depression, any pathological lesion in brain MRI or CT 
scan, using anti-migraine medications, hormonal therapy, 
and antioxidant or vitamin supplements in the past 6 months 
were excluded from the study.

Migraine Disability Assessment

Migraine Disability Assessment Score (MIDAS) standard 
questionnaire was used to assess the disability of migraine 
[2]. MIDAS questionnaire was used to assess the degree of 

disability of patients caused by headaches during the last 
3 months. The final score of this questionnaire is calculated 
as the total score of 5 separate questions. The scores are clas-
sified based on the following scale: 0–5, little or no disability 
(grade 1); 6–10, mild disability (grade 2); 11–20, moderate 
disability (grade 3); 21 + , severe disability (grade 4).

Biochemical Assessment

Five milliliters (5 ml) of fasting blood sample were taken 
from each participant, and after centrifugation at 3000 rpm 
for 15 min, the serums were isolated and frozen at – 70 °C. 
The serum Se, TAC, and MDA levels were determined by 
the atomic absorption, ferric reducing ability of plasma 
(FRAP), and the thiobarbituric acid (TBA) method, respec-
tively [5, 39].

Statistical Analysis

Kolmogorov–Smirnov test confirmed the normality of the 
data. The means of variables were compared by independ-
ent samples t test. Analysis of variance (ANOVA) was also 
applied to analyze the differences of means among groups. 
The Pearson test measured the statistical relationship or 
association between variables. Binary logistic regression 
was performed to predict the odds (OR) of having migraine 
with a 95% confidence interval (CI). All tests were consid-
ered statistically significant at P < 0.05. Data were presented 
as means ± standard deviations. SPSS software version 21 
was used for statistical analysis.

Results

The age range of the migraine patients (male: 4, female: 
27) was 27.8 ± 7.3 year and in the control group (male: 
8, female: 22) was 25.7 ± 3.9 year. Among the patients, 
18 cases (58%) had a family history of migraine. The fre-
quent symptoms were photophobia (54.8%), phonophobia 
(51.6%), unilateral headache (51.6%), and throbbing head-
ache (41.9%). The frequency of migraine with aura (MWA) 
was 19.3%. The results of MIDAS questionnaire showed that 
the grade of disability due to headache was little (grade 1) 
in 5 patients (16.1%), mild (grade 2) in 10 patients (32.3%), 
moderate (grade 3) in 9 patients (29%), and severe (grade 4) 
in 7 patients (22.6%). Mean serum Se values were signifi-
cantly lower in the patient group than in the control group 
(P = 0.002). Mean serum MDA values were significantly 
higher in the migraine group (P = 0.005). However, mean 
serum level of TAC was not significantly different between 
the two groups (Table 1).
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The ser um level  of  Se  (76 .95 ± 5 .56  vs . 
82.04 ± 9.06 μg/L), MDA (3.23 ± 1.65 vs. 2.99 ± 1.79 nmol/
ml), and TAC (1.21 ± 0.22 vs. 1.37 ± 0.36 mmol/l) were 
not significantly different between migraine with aura and 
migraine without aura subgroups, respectively. About 11 
subjects (35.5%) of migraine patients were in the lowest 
quartile  (Q1) of serum Se, whereas 4 subjects (13.3%) of 
the healthy controls were in the same quartile, which is sig-
nificantly higher (P = 0.011). About 14 subjects (45.2%) of 
migraine patients were in the highest quartile  (Q4) of serum 
MDA, whereas 2 subjects (6.7%) of the healthy controls 
were in the same quartile, which is significantly higher 
(P = 0.001). However, there was no significant difference 
between two groups according to the quartiles of serum lev-
els of TAC (Table 2). A binary logistic regression model that 
adjusted for gender and age revealed an increase in migraine 
risk across quartiles of Se (OR = 11.24, 95% CI = 1.57–80.2, 
first quartile:  Q1) and [(OR = 8.16, 95%CI = 1.28–51.8, 

second quartile:  Q2), (P for trend = 0.007)]. The risk of hav-
ing migraine in the first and second quartiles compared to 
the fourth quartile has increased by roughly 11 and 8 times, 
respectively. The risk of having migraine in the highest quar-
tile of serum MDA  (Q4) was higher than the lowest quar-
tile  (Q1), approximately 5 times by unadjusted regression 
[(OR = 5.4, 95% CI = 0.92–32.3), P = 0.062] and about 15 
times by adjusted regression [(OR = 15.4, 95%CI = 1.1–221), 
P = 0.044]. There was no significant difference across the 
quartiles of serum levels of TAC (Table 3).

No significant relationship between MIDAS score and 
the serum levels of Se, MDA, and TAC in the patient group 
was found (P value > 0.05) (Table 4). There was no associa-
tion among serum Se, MDA, and TAC levels, and headache 
characteristics.

Discussion

Migraine is the main cause of disability in people under 
50 years of age. The pathophysiology of migraine is not 
fully understood. Different theories were suggested, includ-
ing vascular impairment, neuroinflammation, and trigemino-
vascular activity [31]. In recent years, the importance of oxi-
dative stress and its biomarkers in migraine was considered. 
Oxidative stress is one of the molecular changes underlying 
the pathogenesis of migraine and its role in the migraine is 
important because it stimulates the transient receptor poten-
tial subfamily A member1 (TRPA1) ion channel on pain 
receptors of the meninges and induces neuroinflammation 
[7, 23, 30].

The role of Se in migraine, as an important factor in the 
antioxidant defense system, is still unclear. Se deficiency has 
a detrimental effect on the normal activity of cells in the 

Table 1  Serum levels of Se, MDA, and TAC in the patients and con-
trol groups

MDA malondialdehyde, Se Selenium, TAC  total antioxidant capacity
* p value base on independent sample t test
** p value base on Chi square

Patients 
(n = 31)
(Mean ± SD)

Control 
(n = 30)
(Mean ± SD)

p-value

Se (μg/l) 81.06 ± 8.66 88.94 ± 10.23 0.002*

MDA(nmol/ml) 3.04 ± 1.74 2.06 ± 0.59 0.005*

TAC (mmol/l) 1.34 ± 0.34 1.37 ± 0.33 0.755
Age (year) 25.7 ± 3.9 27.8 ± 8.3 0.18
Sex Male 4 (13%) 27 (87%) 0.22**

Female 8 (26.7%) 22 (73.3%)

Table 2  Serum Se, MDA, and 
TAC quartiles in patients and 
control groups

Independent sample t test; *p < 0.05
MDA malondialdehyde, Se Selenium, TAC  total antioxidant capacity
Q1:  1st Quartile;  Q2:  2nd Quartile;  Q3:  3rd Quartile;  Q4:  4th Quartile

Variables Patients Control P value

Quartiles of serum Se: number (%) Q1 11 (35.5%) 4 (13.3%) 0.011*

Q2 10 (32.3%) 5 (16.7%)
Q3 7 (22.6%) 9 (30.0%)
Q4 3 (9.7%) 12 (40.0%)

Quartiles of serum MDA: number (%) Q1 9 (29.0%) 7 (23.3%) 0.001*

Q2 4 (12.9%) 10 (33.3%)
Q3 4 (12.9%) 11 (36.7%)
Q4 14 (45.2%) 2 (6.7%)

Quartiles of serum TAC: number (%) Q1 9 (29.0%) 6 (20.0%) 0.808
Q2 7 (22.6%) 9 (30.0%)
Q3 8 (25.8%) 7 (23.3%)
Q4 7 (22.6%) 8 (26.7%)
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nervous system and even leads to cell death (22).The cur-
rent study is the first report that showed significantly lower 
serum Se level in migraine patients (mean = 81.06 μg/L) than 
healthy group (mean = 88.94 μg/L), although serum Se levels 
in both groups were approximately within the normal range 
(< 90 μg/L) [37]. According to in vitro and in vivo studies, 
Se plays an important role to regulate intracellular molecular 
and oxidation processes, inactivating reactive oxygen spe-
cies, maintaining normal brain functions, and reducing oxida-
tive stress in various neurological disorders such as stroke, 
epilepsy, Alzheimer’s and Parkinson’s diseases. Based on 
the data collected from Canadian Health Measures Survey 
(CHMS 2007–2011, n = 7065) and the US National Health 
and Nutrition Examination Survey (NHANES 2011–2012, 
n = 5030), an inverse correlation between serum level of Se 
and prevalence of stroke was obtained [25]. Furthermore, the 
results of a case–control study by Hu et al. on 1255 stroke 
patients showed that there was negative association between 

serum Se levels and the incidence of the first attack of stroke 
[24]. In the study of Fathi et al. [18], serum Se levels in 
MS patients were significantly lower than control subjects 
(60.87 ± 13 vs. 85.74 ± 12, P value < 0.0001). Katarzyna 
Socha et al. in a study on 101 MS patients showed that serum 
Se levels were significantly lower than in healthy individuals 
[36]. Similarly, Katarzyna Socha et al. showed that serum Se 
levels in Alzheimer’s disease were significantly lower than in 
healthy individuals [35].

Se may play a role in the pathophysiology and increas-
ing the risk of migraine; thus, for using Se as a supplement, 
more clinical trial studies needed to be carried out. Hence, 
there is no consensus on whether high levels of Se are safe 
for health because high Se intake exacerbates oxidative stress 
by increasing nitric oxide (NO) production and decreasing 
GSH [41]. For assessing the effects of oxidative stress on 
health and disease, biomarkers such as MDA are used [28]. 
Our study indicated that the serum level of MDA was sig-
nificantly higher in the migraine group. Increasing serum 
MDA levels leads to approximately 15 times increased odds 
of having a migraine. Our results are similar to the findings 
of some clinical studies that indicated the serum level of 
MDA is significantly higher in people with migraine than in 
healthy individuals [8, 26, 44]. Although some other studies 
failed to show any significant differences [6]. Such variations 
might be the result of limited study populations, heterogene-
ity of the subjects, differences in the headache phase (ictal or 
interictal), presence of comorbid diseases, and selection of 
newly diagnosed patients without any treatment.

We found that serum TAC level in migraine patients was 
lower than the control group, but the difference was not sig-
nificant. Besides, we did not find a significant difference 

Table 3  Comparing quartiles of Se, MDA, and TAC according to the odds ratio (OR) of having migraine

MDA malondialdehyde, Se Selenium, TAC  total antioxidant capacity
Q1:  1st Quartile;  Q2:  2nd Quartile;  Q3:  3rd Quartile;  Q4:  4th Quartile
* p < 0.05
**  Adjusted for age and gender

Unadjusted OR (95%CI) P value P for trend Adjusted OR (95% CI) ** P value P for trend

Quartiles of Se Q1 11 (1.99–60.5) 0.006* 0.003* 11.24 (1.57–80.2) 0.016* 0.007*

Q2 7.99 (1.52–42.0) 0.014* 8.16 (1.28–51.8) 0.026*

Q3 3.11 (0.62–15.48) 0.166 2.96 (0.51–17.3) 0.228
Q4 1 – 1 1

Quartiles of MDA Q1 1 – 0.108 1 – 0.216
Q2 0.31 (0.07–1.43) 0.133 0.06 (0.01–0.68) 0.023*
Q3 0.28 (0.6–1.28) 0.102 0.14 (0.02–0.94) 0.043*
Q4 5.4 (0.92–32.3) 0.062 15.4 (1.1–221) 0.044*

Quartiles of TAC Q1 1 – 0.605 1 – 0.590
Q2 0.52 (0.12–2.16) 0.368 0.36 (0.06–2.01) 0.247
Q3 0.76 (0.18–3.24) 0.713 1.25 (0.23–7.0) 0.794
Q4 0.58 (0.14–2.48) 0.466 1.17 (0.24–6.48) 0.852

Table 4  The serum levels of Se, MDA, and TAC according to the 
MIDAS

* NS not significant
MDA malondialdehyde, MIDAS Migraine Disability Assessment 
Score, Se Selenium, TAC  total antioxidant capacity

MIDAS MDA TAC Se

Grade 1 (n = 5) 0.23 ± 1.64 0.39 ± 1.59 9.18 ± 85.37
Grade 2 (n = 10) 1.59 ± 3.16 0.40 ± 1.36 10.27 ± 81.41
Grade 3 (n = 9) 1.93 ± 3.28 0.29 ± 1.26 4.74 ± 80.86
Grade 4 (n = 7) 2.06 ± 3.54 0.22 ± 1.25 10.07 ± 77.73
p-value NS* NS* NS*
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in odds of having migraine across the quartiles of serum 
TAC levels. There are controversial results for TAC status 
in migraine patients. Several studies have reported decreased 
TAC in migraine patients compared to healthy individuals 
[1, 13, 27, 40], although Khosravi et al. showed that TAC 
levels were higher in migraine patients [38]. In a study by 
Eren et al., oxidative stress markers in migraine patients 
were not different from the control group; they suggested 
that such difference in the outcomes among studies may be 
due to the differences in patient populations and the study 
design [16]. It seems that patient’s age, environmental and 
nutritional factors, genetic characteristics, and stress are 
other influencers that can affect the oxidant-antioxidant bal-
ance. Another interfering factor is the duration of treatment, 
as shown in some studies that, the serum level of TAC also 
decreases as the patients with migraine undergo treatment 
[3]. Besides, a recent meta-analysis of 19 studies showed 
that the role of biomarkers related to oxidative stress in 
migraines is still unclear [33]. Thus, further large-population 
studies with more precise association analysis methods using 
various adjustments are needed.

Patients with aura had lower levels of Se and TAC and 
elevated levels of MDA than patients without aura, but our 
data provided no evidence for any significant difference 
between the two groups. Based on MIDAS score, the levels 
of Se and TAC were lower, and level of MDA was higher in 
grade 4 compared with grade 1, although the differences are 
not significant. Our results are partly similar to the findings 
of a study by Yigit et al., which indicated that no differ-
ence in biomarkers of oxidative stress was found accord-
ing to MIDAS score [2]. The small number of patients in 
each grade may be one of the reasons for the lack of signifi-
cant difference. The main limitation of our study was small 
sample size that was a barrier for significant differences in 
our results. Although, age- and gender-matched migraine 
patients with healthy participant remove the effect of two 
important confounders on our results.

Conclusion

It can be concluded that reducing Se and increment of MDA 
are effective in the risk of having migraine, but are ineffec-
tive on the clinical characteristics and severity of headache. 
So oxidant status is an important component in migraine 
treatment strategy in future studies.
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