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Abstract

Although the pathogenesis of migraines is not yet fully known, oxidative stress is thought to play an important role in the pathogenesis of this disease. In our study, we 
aimed to evaluate the serum level of ischemia-modified albumin (IMA), one of the systemic markers of oxidative stress, in acute migraine attacks admitted to the emer-
gency department. The study included a control group consisting of 40 healthy individuals and a group of 40 patients admitted to the emergency department with migraine 
attacks. Serum IMA levels were studied using the ELISA kit. The average age of the migraine group was 39.9±8.2 and 31 were female. The average age of the control 
group was 42.5±9.2 and 29 were women. There was no difference between groups in terms of age and gender (p=0.18, p=0.79, respectively). Mean serum IMA levels were 
significantly higher in the migraine group than in the control group (p=0.001).  On receiver operating characteristic curve (ROC) analysis, use of optimal IMA cutoff level 
of 92.6 ng/ml was associated with 70% sensitivity and 55% specificity (AUC= 0.713, 95% CI: 0.600-0.826, p= 0.001). In the migraine group the mean attack frequency 
was 2.55±1.3 within three months, with an average duration of migraine 8.87±4.76 years.  The mean Visual Analogue Scale (VAS) was 8±1.2. A positive correlation was 
found between IMA levels and duration of migraine (r= 0.621, p= 0.001), attack frequency (r= 0.568, p = 0.001) and VAS (r= 0.352, p= 0.026). We found that serum IMA 
levels in acute migraine attacks were significantly higher than in the control group.
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Introduction

Migraine is a common chronic neurological disease characterized 
by moderate or severe headache attacks and reversible neurological 
and systemic symptoms [1,2]. Headaches are often accompanied by 
photophobia, phonophobia, nausea and vomiting [1,3]. Although 
its exact physiopathology is unknown, oxidative stress is suggested 
to play an important role in the pathogenesis of migraines [2,4]. 
Oxidative stress caused by an imbalance between the production 
of free radicals and the antioxidant defense mechanism has been 
associated with the pathophysiology of neurological diseases such 
as chronic neurodegenerative diseases, epileptic seizures, multiple 
sclerosis, and dementia [2]. Ischemia modified albumin (IMA) 
occurs as a result of the reduced binding capacity of transition 
metals such as cobalt, copper and nickel in the N-terminal region 
of albumin in cases of ischemia, hypoxia, acidosis, oxidative stress 
and free iron and copper exposure [3]. IMA is used as a marker of 

hypoperfusion and oxidative stress [2, 5, 6]. In studies, it has been 
reported that serum levels increase in many neurological diseases 
[7-10]. Serum IMA levels were investigated in a small number of 
studies in migraine patients, but different results emerged and the 
findings were not clear. Some studies indicated that serum IMA 
levels increased in migraine patients compared to the control 
group [2, 3] while some studies did not find any difference [4]. 
In our study, we planned to investigate the serum IMA level of 
patients who were admitted into the emergency department with 
an acute migraine attack.

Materials and Methods

The study was initiated after obtaining approval of the local ethics 
committee (11.12.2020-428920). Our study included patients over 
the age of 18 who were diagnosed with migraines and admitted 
to the emergency department for migraine attacks, according to 
the 3rd edition of the International Classification of Headache 
Disorders (ICHD-3). Those with known neurological diseases 
other than migraine, cardiovascular disease, diabetes mellitus, 
renal failure, liver failure, hypertension, psychiatric disease, acute 
infection, pregnancy and malignancy were excluded from the 
study. The control group consisted of volunteer individuals who 
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did not have a known disease. Demographic data of the migraine 
and control group were recorded. The number of attacks within 
three months and the duration of the disease in the migraine group 
was determined. The severity of pain in emergency admissions 
was evaluated with the Visual Analogue Scale (VAS). The VAS 
was determined by the patient's marking the visual scale on a line 
of 10 cm, from 0 indicating no pain to 10 expressing the worst 
pain.

For laboratory analysis, 5 ml of blood was taken from the patient 
and control group and centrifuged for 6 minutes per 3000 cycles/
minute. The separated serums were stored in a freezer of 800C 
until testing. Serum IMA levels were studied using the Human 
IMA ELISA kit (Sunred Biological Technology, Shanghai, 
China) in accordance with the operating procedures specified in 
the kit catalogs. Washing-incubation of the plate was done on the 
CombiWash (Human Diagnostics, Wiesbaden, Germany) device 
and the absorbance measurement was performed on the Chromate 
4300 Microplate Reader (Awareness Technology, Palm City, USA) 
device. IMA's minimum detection limit was 2.26 ng/mL.

Statistical Package for the Social Sciences (SPSS v.22, Chicago, 
IL, USA) package program was used for statistical analysis. 
Before making a comparison between the groups, it was checked 
with the Kolmogorove-Smirnov test whether the data distribution 
was normal or not. Chi-square test for non-measurement 
parameters, Student's t-test for comparison of parameters between 
groups, Mann Whitney U test for comparison of non-parametric 
groups, and Pearson correlation test for examining the relationship 
between parameters in groups were performed. P <0.05 values 
were accepted as the lowest significance level. Sample size was 
calculated using sample size calculating software G*Power version 
3.1.9.2 (Germany). With power of 90%, 0.05 level of statistical 
significance and effect size of 0.8, sample size for each group was 
calculated to be 34.

Results 

The study included 40 migraine attack patients and 40 volunteer 
control groups. The average age of the migraine group was 39.9±8.2 
and 31 were female. The average age of the control group was 
42.5±9.2 and 29 were women. There was no difference between 
groups in terms of age and gender (p=0.18, p=0.79, respectively). 

The mean duration of the disease in the migraine group was 
8.87±4.76 years and within three months the average attack 
freqency was 2.55±1.3. The mean VAS was 8±1.2. In the migraine 
group, 77.5% (n= 31) had nausea, 62.5% (n= 25) vomiting, 60% (n= 
24) photophobia, and 52.5% (n= 21) phonophobia accompanied 
headache. Table 1 shows the demographics of the groups and the 
clinical characteristics of the migraine group.

Mean serum IMA levels were significantly higher in the migraine 
group (117.5±31.4 ng/mL) than in the control group (94.4±27.3 ng/
mL) (p=0.001) (Figure 1). In the ROC analysis, use of optimal IMA 
cutoff level of 92.6 ng/ml was associated with 70% sensitivity and 
55% specificity (AUC = 0.713, 95% CI: 0.600-0.826, p= 0.001) 
(Figure 2). A positive correlation was found between IMA levels 
and duration of migraine (r= 0.621, p= 0.001), attack frequency (r 
= 0.568, p = 0.001) and VAS (r = 0.352, p = 0.026).

Table 1. Demographic and clinical characteristics of a migraine attack and 
control group

Migraine 
Attack Control P-value

Age (year) 39.9±8.2 42.5±9.2 0.18

Gender (female/male) 31/9 29/11 0.79

Nausea n (%) 31(77.5) - -

Vomiting n (%) 25 (62.5) - -

Photophobia n (%) 24 (60) - -

Phonophobia n (%) 21 (52.5) - -

Aura n (%) 8 (20) - -

Mean VAS 8±1.2 - -

Migraine duration (year) 8.87±4.76 - -

Attack frequency / 3 months 2.55±1.3 - -

Figure 1. Comparison of ischemia modified albumin levels between a migraine 
attack and control group

Figure 2. ROC analysis showing serum Ischemia modified albumin levels in a 
migraine attack
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Eight patients had an aura. Serum IMA levels were higher in the 
aura migraine group than in the aura-free group (138.7±16.6 ng/
mL, 112.2±32.2 ng/mL, p=0.03 respectively).

Discussion 

In this study, we found that serum IMA level, which is an indicator 
of oxidative stress, was significantly higher in patients who were 
admitted to the emergency department with migraine attacks 
compared to the control group. The serum IMA level showed a 
positive correlation with VAS showing duration of the disease, 
frequency of attacks and pain intensity. The sensitivity of the 
serum IMA level in the diagnosis of a migraine was 70% and the 
specificity was 55%.

Reactive oxygen derivatives increased by ischemia and ischemic 
damage contributes to the formation of IMA. It has been reported 
in studies that IMA is a sensitive marker for the diagnosis of 
myocardial ischemia [6, 11, 12]. IMA is a nonspecific marker of 
tissue ischemia, and it has been shown that IMA levels increase 
in ischemic conditions such as ischemic stroke [7, 10, 13], 
pulmonary embolism [14], mesenteric ischemia [15], in addition 
to myocardial ischemia. IMA production during ischemic events 
is thought to be related to oxidative stress caused by free radicals 
during ischemia and/or reperfusion [6, 16].

In migraine, it is thought that the activity of some antioxidant 
enzymes decrease and, consequently, free radicals increase, 
resulting in oxidative stress [2, 4]. Oxidative stress can damage 
cell membranes, lipids, nucleic acids, and proteins [4]. It is thought 
there to be a link between migraine and vascular disease [3] and 
has been proposed as a risk factor for ischemic stroke [17, 18]. In a 
meta-analysis of 21 studies involving 622,381 patients conducted 
by Spector et al., Migraine was associated with a 2-fold increased 
risk of ischemic stroke [17]. Oligemia associated with cortical 
spreading depression (CSD), constriction of intracerebral great 
arteries and hypercoagulation associated with the endothelium, 
medications and inflammatory factors may cause cerebral ischemia 
in migraine patients [16, 18, 19]. 

Several studies have shown that serum IMA levels in migraine 
patients are higher than in the control group [2, 3, 16, 20]. Ersoy 
et al. found that the IMA level was higher than in the control 
group in 121 migraine patients they examined during the interictal 
period. White matter lesions were detected in 62 of these migraine 
patients. White matter lesions, a variant of small vascular disease, 
are thought to be caused by chronic ischemia due to perfusion 
deficiency. Serum IMA levels were found to be higher in migraine 
patients with white matter lesions than in those who did not. 
Increased serum IMA levels in migraine patients are thought to 
indicate the role of ischemia/hypoxia [3]. In their study, Say et al. 
compared 35 migraine patients with a healthy control group and 
showed that IMA and prolidase levels were significantly higher 
in migraine patients than in the control group as an indicator of 
oxidative stress [2]. Michalac et al. also compared 50 migraine 
patients and 25 healthy control groups in the interictal period and 
found that IMA was suddenly high in the migraine group [16]. In 
our study, we found that serum IMA level VAS was significantly 
higher than the healthy control group, supporting the above studies.

In addition to studies showing that serum IMA levels increase in 

migraine patients, there are also studies in the opposite direction. 
In their study on 30 migraine patients without aura, Cakina et al 
examined IMA together with paraoxonase, arylesterase activities, 
thiols levels, the total oxidant status, total antioxidant status, and 
oxidative stress index levels. While they found that the levels of 
paraoxonase and arylesterase activities, which play an antioxidant 
role, were significantly lower in the migraine group compared 
to the control group, they could not find a significant difference 
between the other markers. They reported that the techniques 
used, patient subgroups and analyzed biological samples may be 
effective in these results, which contradict with other studies [4].

In our study, the serum IMA level was higher in the aura patient 
group than in the aura-free group. Michalak et al. [16] found the 
serum IMA level higher in the migraine group with aura than in the 
intermittent migraine group, similar to our study; while Say et al. 
[2] could not find a significant difference between the two groups.

Gunduztepe et al. [20] showed that there is a relationship between 
serum IMA level and the frequency of attacks and pain intensity. 
Michalac et al. [16] found that IMA had a positive correlation with 
VAS. In our study, supporting these studies, we found a positive 
correlation between serum IMA level and the frequency of attacks 
and VAS.

In our study, the serum IMA level was evaluated only during a 
migraine attack. The serum IMA levels of these patients in the 
interictal period were not measured. This is the limitation of our 
study.

In conclusion, we found that serum IMA levels in migraine attacks 
admitted to the emergency department were significantly higher 
than the healthy control group. We think that this increase in serum 
IMA level supports the oxidative stress resulting from hypoxia, 
which is suggested to play a role in the pathogenesis of migraine.
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