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ABSTRACT 
Objectives: Migraine is a complex neurological disease. In addition to headache, individuals with migraine 
may develop structural changes inside the brain and cognitive impairment. There is increased evidence asso-
ciated with impairments in brain volume and cognitive functions in patients with migraine. The present study 
aimed to investigate the impairment in memory function in individuals with migraine using brain magnetic 
resonance imaging, volume measurement, and neuropsychological tests.  
Methods: The study included 20 patients with episodic migraine, 20 patients with chronic migraine, and 20 
healthy controls. Subcortical volumes of all participants were measured by FreeSurfer, an automatic segmen-
tation method. The Wechsler Memory Scale-Revised Form (WMS-R), Stroop test, Raven’s Standard Progres-
sive Matrices, Verbal Fluency Test, and Lines Orientation Test were applied in all the study participants. 
Results: Putamen volume decreased as migraine duration increased, and subcortical gray matter, left cerebellar 
cortex, and bilateral thalamus volumes were lower in the chronic and episodic group compared to the control 
group, bilateral putamen and right cerebellar cortex volumes were lower in patients with chronic migraine 
compared to patients in episodic migraine and control groups. Upon neuropsychological examination, delayed 
memory was affected as the duration of migraine increased, and there was impairment in patients with chronic 
migraine upon fluency tests and mental control tests.  
Conclusions: Changes in subcortical volume and cognitive effects in patients with migraine raise questions 
about whether migraine qualifies as a benign disease. Structural changes and cognitive impairment may con-
tribute to migraine-associated disability, and therefore, these causalities should be investigated by future studies. 
Silent infarcts, white matter damage, and cortical spreading depression, which occur in migraine cases, may 
be associated with subcortical volume changes and thus, cognitive effects. In the context, studies with larger 
samples to achieve a better understanding are needed. 
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 M igraine is a type of primary headache char-

acterized by episodic attacks and accompa-
nied by different levels of neurological, 

gastrointestinal, and autonomic symptoms. For 
women and men, the lifetime prevalence was reported 
as 18% and 6%, respectively [1]. Migraine was re-
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ported as the primary cause of disability and suffering 
across the world [2]. Chronic migraine is defined by 
occurrence of 15 or more headaches per month for a 
prolonged duration of more than 3 months without 
drug overuse. It was reported that the risk of develop-
ing chronic migraine in patients with episodic mi-
graine is 2.5% [3, 4]. The vascular theory is considered 
as the earliest theory on migraine pathophysiology. It 
suggested that migraine aura was associated with 
vasoconstriction in intracranial vessels, where 
headache was due to vasodilation [5]. Today, neu-
rovascular theory has adopted with regard to migraine 
pathophysiology. This theory suggests that vascular 
changes are associated with neuronal events, including 
cortical hyperexcitability due to abnormal neurotrans-
mitter release, and abnormal neuronal firing [6]. Ac-
cordingly, it was suggested that abnormal neuronal 
excitability in the cerebral cortex, cortical spreading 
depression (CSD), and sensitization of the trigemino-
vascular system were involved in the pathophysiology 
of migraine. A number of previous studies reported 
that central and peripheral systems had effects on the 
trigeminal system as regard the occurrence of pain [7, 
8]. With a better understanding of migraine pathophys-
iology, questions about whether migraine qualified as 
a benign disease emerged and a number of studies in-
vestigated the brain morphology of individuals with 
migraine to see whether it caused brain damage and 
whether it was associated with deterioration of cogni-
tive functions in patients with migraine.  
      A range of neuroimaging methods were accom-
modated to elucidate the structural and functional 
changes in the brain regions of patients with migraine. 
Magnetic resonance imaging (MRI) and positron 
emission tomography were used to investigate the 
structural and functional changes, respectively [9, 10]. 
Cranial MRI examinations in patients with migraine 
typically indicated multiple, small, punctate hyperin-
tense lesions in the deep white matter and periventric-
ular localization on T2 and FLAIR-weighted images, 
where these lesions might be associated with local de-
myelination and gliosis [11, 12]. It was reported that 
the incidence of silent posterior circulation infarcts, 
hyperintense ischemic lesions in the cerebellum and 
brain stem was increased in individuals with migraine. 
Hyperintense white matter lesions in those individuals 
were attributed to oligemia, focal brain hypoperfusion, 
and critical hypoperfusion in small penetrating arteri-

oles during migraine attack and aura [13]. Voxel-based 
morphometry (VBM) method was generally used in 
volume studies in patients with migraine [14]. Certain 
studies in the last decade used the FreeSurfer method, 
an automated MRI tissue segmentation method, to in-
vestigate the pathophysiology of migraine and the re-
sultant structural changes by measuring the volume of 
specific brain regions in individuals with episodic and 
chronic migraine [15, 16].  
      Subjective cognitive impairment is expected in 
migraine cases. Individuals with migraine complain 
about cognitive deterioration, including impaired at-
tention and memory. Difficulty in thinking, distraction, 
feeling of slowing down, and difficulty in speaking 
may be seen during the prodromal period, at the 
headache stage. Reversible cognitive disorders were 
reported during or after a migraine attack [17, 18]. Pre-
vious studies, which investigated the cognitive func-
tions in patients with migraine during the non-attack 
period, reported inconsistent results. Certain studies 
found no cognitive difference between individuals 
with migraine and healthy individuals, where it was 
suggested that there was an association between mi-
graine and dementia due to the impairment in cogni-
tive functions during pain attack and non-attack period 
[19-23]. Silent infarcts and white matter lesions in in-
dividuals with migraine might be associated with 
stroke and cognitive disorders [13, 24].  
      The present study aimed to investigate impairment 
in memory function in patients using brain MRI vol-
ume measurements and neuropsychological tests dur-
ing the non-attack period in order to demonstrate the 
brain damage associated with migraine. 
 
 
METHODS 
 
The study included 20 patients with episodic migraine, 
20 with chronic migraine, and 20 healthy controls. 
They were followed up at the Headache Outpatient 
Clinic of Uludag University Faculty of Medicine and 
classified pursuant to the classification as prescribed 
by the Headache Classification Committee of the In-
ternational Headache Society. Prior approval for the 
commencement of the study was obtained from the 
Medical Research Ethics Committee of Uludag Uni-
versity Faculty of Medicine upon its decision dated 
January 25th, 2011, No. 2011-3/21. Informed consent 
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forms were obtained from all patients and healthy con-
trols. Patients aged 20-55 years, with normal results 
from vitamin B12 and thyroid function tests and neu-
rological examination, with a Beck Depression Inven-
tory score of <17, a Mini-Mental State Examination 
score of >24 points, without any systemic disease, and 
healthy controls were included in the study. The main 
demographic characteristics of the patients and the 
control group were age, sex, and educational level (pa-
tients with the same educational level were included). 
Disease-associated variables, including age at the 
onset of migraine headache, age at diagnosis, number 
of painful days during a month, subcortical brain vol-
ume measurement, and neuropsychological tests were 
evaluated. The patient group was divided into three 
groups: patients with <5 headache-days/month, pa-
tients with 5–15 headache-days/month, and finally pa-
tients with ≥15 headache-days/month. Accordingly, 
patients with ≥15 days of headache/month were in-
cluded in the chronic migraine group. 
 
Morphometric Evaluation 
      The brain MRIs of the patients were performed 
with 1.5 tesla MRI in volume sequence, and the 
DICOM format images were then transferred to a 
computer with Linux operating system. Morphometric 
analysis was performed by an expert neuroradiologist 
based on the FreeSurfer (surface-based morphometry) soft-
ware (http://surfer.nmr.mgh.harvard.edu/fswiki/FreeSurfer-
Wiki). Unclear images associated with patients moving 
during the procedure were corrected, and glare caused 
by variations in the B1 magnetic field was removed. 
The images were placed in the Talairach coordinate 
system and the volumes of forty-seven subcortical 
brain regions were measured in each patient. The 
measured brain regions are presented in Table 1. These 
values were divided by the total brain volume of the 
individual and head circumference sizes were ex-
cluded. The volumes of the regions were used for sta-
tistical analysis.  
 
Neuropsychological Evaluation  
      All participants received neuropsychological tests 
as administered by the same expert psychologist and 
the relevant brain regions were evaluated. The neu-
ropsychological tests in question are given in Table 2 
and the evaluated brain regions are presented in Table 3. 

Statistical Analysis  
      The Shapiro–Wilk test was used to test the normal 
distribution hypothesis. Accordingly, for the purposes 
of comparing normally distributed quantitative data 
between individuals in the episodic migraine, chronic 
migraine, and control groups, one-way analysis of 
variance and the least significant difference test mul-
tiple comparison tests were used for normally distrib-
uted variables, where the Kruskal Wallis test and 
Dunn's paired comparison test were used for variables 
without normal distribution. The correlation between 
quantitative variables was tested using the Spearman 
correlation coefficient. A correlation coefficient be-
tween 0.8 and 1was considered indicative of a very 
strong relationship, where values between 0.6 and 0.8 
indicated a strong relationship, those between 0.4and 
0.6 indicated a moderate relationship, and those be-
tween 0.2 and 0.4 indicated a weak relationship (ref-
erence). For the purposes of descriptive statistics, 
numerical variables were presented in mean ± standard 
deviation for normally distributed variables, where 
median [min-max] was used for variables without nor-
mal distribution and number and % for categorical 
variables. Windows version 24.0 of Statistical Package 
for the Social Sciences (SPSS 25.0, IBM Corporation, 
Armonk, New York, United States) software was used 
for statistical analysis and a p level of <0.05 was con-
sidered statistically significant. 
 
 
RESULTS 
 
The study included 20 (33.3%) patients with episodic 
and 20 (33.3%) patients with chronic migraine, and 20 
(33.3%) healthy controls. Of the patients, 68.3% 
(n=41) were female and 31.7% (n=19) were male. The 
mean age of all the patients was 34.90±6.95 years 
(range 2253 years). The migraine duration was 6.90 ± 
5.05 years and ranged 1-20 years. Of the patients with 
migraine, 14 had <5 days with headache, 6 had 5–15 
days with headache, and 20 had ≥15 days with 
headache per month. There were no intergroup statis-
tical difference by sex, age, and educational level.De-
mographic and clinical characteristics of the patients 
are presented in Table 4.  
      Intracranial and subcortical volume measurements 
based on the FreeSurfer method were compared be-
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tween the groups (Table 1). Intracranial volume, sub-
cortical gray matter, left cerebellar cortex, left thala-
mus, right thalamus, left cerebellar cortex, left 
cerebellar cortex, left thalamus, and right thalamus 
volumes were similar in the episodic and chronic 
groups, whereas the same were significantly lower in 
the control group (P=0.002, P=0.010, P=0.027, 
P=0.001 and P=0.002, respectively). While brain stem, 
non-white matter hypointensity, left putamen, right 
putamen, and right cerebellar cortex volumes were 
similar in the episodic migraine and control groups, 
these same were significantly lower in patients with 
chronic migraine (P=0.007, P=0.045, P=0.046, 
P=0.021 and P=0.028, respectively). The left hip-
pocampus, right hippocampus and right amygdala vol-

umes of the subjects in the episodic migraine group 
were significantly lower than those in the chronic mi-
graine and control groups, whereas the same were sig-
nificantly lower in the chronic group compared to the 
control group (P<0.001, P=0.004 and P=0.020, respec-
tively).  
      The volume values of the patients were compared 
between the groups formed on the basis of the number 
of painful days per month (Table 5). There was a sta-
tistically significant intergroup difference by the right 
amygdala and right accumbens values (P<0.05). The 
right amygdala volume was lower in patients with 5-
15 headache-days/month compared to patients with <5 
headache-days and ≥15 days of pain per month 
(P=0.028). Similarly, the right accumbens volume was 
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lower in patients with 5-15 headache-days/month 
compared to patients with <5 headache-days and ≥15 
headache-days per month (P=0.034).  
      The correlation between the migraine duration and 
volume values were analyzed (Table-6). There was a 
weak, statistically significant negative correlation be-
tween migraine duration and right putamen values 
(r=−0.328; P=0.039). In other words, the right putamen 
volume decreased as the migraine duration increased. 
      Memory test results of the study participants were 
compared by groups (Table 7). There was a significant 
intergroup difference by the total number of animals 
named in the Animal Fluency test and the measure-
ment values in the mental control test of counting 
down from 100 by 7's. The total number of animals 
named in the Animal Fluency test in the chronic mi-
graine group was 20 [10-33], which was similar to 22 
[14-33] in the episodic migraine group, while the same 
in the control group was 25.5 [16-37], which was in-
dicative of a statistically significant difference (p = 
0.047). Similarly, the time to count backward from 
100 by 7’s was 79 seconds [36-236] in patients with 
chronic migraine and 56 seconds [13-220] in patients 
with episodic migraine, whereas the same was 40.5 
seconds [19-120] in the control group and it was a sta-
tistically significant difference (P= 0.010).  
      The total number of errors in the Animal Fluency 

test in individuals with 5 and 15 headache-days per 
month was 0.5 [0-2], which was statistically signifi-
cant (P= 0.027), compared to 0 [0-1] in the group with 
<5 headache-days and 0 [0-2] in patients with chronic 
migraine with ≥15 headache-days (Table 8).  
      The relationship between the migraine duration 
and memory test results was analyzed (Table 7). There 
was a weak negative correlation between migraine du-
ration and delayed memory values (r=-0.341; 
P=0.031). Delayed memory weakened as the migraine 
duration increased (Table 9). 
 
 
DISCUSSION 
 
A number of previous studies reported cortical and 
subcortical volume changes associated with migraine 
attacks and the effects of migraine on cognition. The 
present study combined volume measurement of sub-
cortical structures and neuropsychological evaluation.  
      There are various segmentation methods for brain 
volume assessments using manual and automated 
techniques. Brain parenchymal fraction, which was 
used bya number of previous studies in the relevant 
literature, is defined as the ratio of brain parenchymal 
volume to the total intracranial volume. Considering 
the volumes as total intracranial volume only without 
proportioning to intracranial volume may lead to in-
accuracies due to differences by ex and head diame-
ters. The volume values in the present study were 
proportioned to the total intracranial volume values 
with an aim to eliminate the inaccuracies associated 
with interindividual head size variables.  
      Increasing number of neuroimaging studies meas-
ured brain volume in patients with migraine using dif-
ferent methods. While most of the studies investigated 
the episodic migraine group with comparatively fewer 
number of studies focused on patients with chronic 
migraine [14, 16, 25]. In this study, patients with 
episodic and chronic migraine, along with healthy 
controls were included, and the results were compared 
between the patient groups and healthy controls based 
on the FreeSurfer software [26), which featured higher 
accuracy rate compared to the manual technique.  
      In the present study, the intracranial volume, sub-
cortical gray matter, left cerebellar cortex, and left 
thalamus and right thalamus volumes were lower in 
the migraine groups compared to the controls, never-
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theless, there was no significant difference between 
the episodic and chronic migraine groups. Bashir et 
al. [14] reported low brain stem, left cerebellar cortex, 
and white matter volume in patients with chronic mi-
graine. Consistent with the literature, the left cerebel-
lar cortex volume was lower in the present study. 
Furthermore, brainstem and right cerebellar cortex 
volumes were lower in patients with chronic migraine 
compared to episodic migraine group and healthy con-
trols. The brain stem is considered an important region 
for the pathogenesis of headache and migraine. Peri-
aqueductal gray matter, trigeminal nerve, cuneiform 
nuclei, and their connections play a role in pain mod-
ulation. Balance disorder and vestibulocerebellar 
symptoms are frequent in patients with migraine. Pre-
vious VBM morphometric studies reported volumetric 
differences in the brainstem and cerebellum in patients 
with episodic migraine with aura, where functional 

MRI procedures indicated the association of periaque-
ductal gray matter and cuneiform nuclei with thala-
mus, cerebellum, insula, and cortex [27-29].  
      Volume loss in the brainstem and cerebellum may 
be associated with pain-related atrophy of pain nuclei 
in the brainstem, prolonged oligemia, posterior system 
hypoperfusion, and exposure to ischemia. As regards 
the pathogenesis of migraine, the thalamus is consid-
ered to transfer pain from the lower brain to the cortex 
via the trigemino-vascular pathway and has an impor-
tant role in central sensitization, allodynia, and photo-
phobia in migraine [30]. Shin et al. [15] measured the 
volumes of the thalamus and thalamic nuclei using the 
FreeSurfer method and reported the same thalamus 
volumes compared to healthy controls, yet found dif-
ferences in volume between the thalamic nuclei. They 
found an increase in the volumes of medial geniculate 
nuclei and right anteroventral nucleus in the migraine 
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group and a decrease in the volume of bilateral 
parafasian nuclei [15]. The present study did not sep-
arately measure the volume of the thalamic nuclei, 
nevertheless, the left and right thalamus volumes were 
lower in the migraine group compared to the healthy 
controls. There was no difference between the mi-
graine groups. The fact that the thalamus volumes 
were lower in patients with migraine was inconsistent 
with the result of a study of Shin et al. [15]. Changes 
in the acumbens, putamen, and hippocampus were re-
ported in chronic pain cases [31, 32].  
      Subcortical gray matter volumes and morpholo-
gies in patients with migraine were also investigated 
by previous studies. Igor et al. compared subcortical 
gray matter volumes in patients with migraine with 
aura to healthy controls and found that bilateral globus 
pallidus and left putaminal volumes were lower in pa-
tients with migraine with aura. They found no corre-
lation between migraine duration and frequency of 
attacks and subcortical gray matter structures [33]. For 
the purposes of the present study, the patients were not 
categorized as patients with or without aura, where the 
subcortical gray matter volume was lower in the mi-
graine group compared to the controls, and bilateral 
putamen volumes were lower in the chronic migraine 
group. There was no difference between episodic pa-
tients with migraine and the healthy controls. Further-
more, the right putamen volume was lower in 
participants with longer migraine duration. The puta-
men is connected to the cerebral cortex, thalamus and 
brainstem, and it was shown that putamen volume de-
creased in patients with tension-type headache or lum-
bar disc herniation with non-migraine pain [34, 35]. 
The caudate and putamen form the dorsal striatum, re-
ceiving inputs from the cerebral cortex and thalamus, 
and the activation therein is involved in motor and 
cognitive functions [36].  
      Structural and functional changes occur in the hip-
pocampus and amygdala, two limbic structures re-
sponsible for stress and adaptation, in cases of stress 
and chronic pain [37]. It was suggested that cortical 
spreading depression extended to the temporal neo-
cortex to the lateral amygdala and affected CSD and 
amygdala activation, and that amygdala dysfunction 
might be associated with neuropsychological symp-
toms in the postdromal phase. It was suggested that 
amygdala was associated with pain, emotional and vi-
sual symptoms, and neuroendocrine homeostasis in 

migraine attacks [38].  
      Liu et al. [39] reported that bilateral amygdala 
and bilateral temporal gyrus functional connections in-
creased in patients with chronic migraine compared to 
patients with episodic migraine. Maleki et al. [40] 
found that bilateral hippocampus volume was higher 
in the group with 1-2 headache-days per month com-
pared to the group with 8-14 headache-days per 
month. In the present study, bilateral hippocampus 
volume was lower in patients with episodic migraine 
compared to the healthy controls. To avoid underesti-
mation of hippocampus volumes due to depression, 
patients with depression were excluded in the present 
study based on the Beck Depression Inventory scores. 
Changes in hippocampus volume might be associated 
to the stress induced by migraine attacks. Furthermore, 
right amygdala volumes were lower in patients with 
episodic migraine compared to the control group in 
our study. Nuc. acumbens is a modulator of pain and 
has been the focus of interest in recent studies. It was 
suggested that this might to be related to its effect on 
the emotional state during migraine attack and de-
creased activation in the nuc. acumben during pain and 
decreased receptors in chronic pain occurred not only 
in migraine pain but also in other pain cases [32, 41]. 
Husoy et al. [34] investigated the volume and shape 
of the nuc. acumbens in patients with migraine and 
found a decrease in volume and change in shape. The 
present study compared the headache frequency and 
volumes, and accordingly, the right amygdala and 
right nuc. acumbens volumes of the group with 5-15 
headache-days were lower compared to the groups 
with <5 headache-days/month and ≥15 headcahe-
days/month. The fact that nuc. acumbens volume was 
lower in the group with 5-15 headache-days/month 
compared to the group with <5 headache-days/month 
is consistent with results reported in the relevant liter-
ature. It was an interesting result that the right amyg-
dala and right acumbens volumes were lower in the 
episodic migraine group compared to the chronic 
group and that the comparatively low number of pa-
tients might have accounted for this result. Further 
studies with larger samples may report different results 
upon analysis of those volumetric values. All these 
changes in subcortical structures raise the question of 
whether cortical spreading depression leads to atrophy 
in the most vulnerable subcortical structures.  
      Depression, anxiety, and education level affect 
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cognition. Therefore, in the present study, individuals 
with depression that might affect cognitive tests were 
excluded from the study and groups with the same 
level of education were included with an aim to rule 
out errors associated with education in the course of 
the neuropsychological evaluation.  
      Patients with migraine, who had volumetric 
changes in brain, may also have impaired cognitive 
functions. Previous studies reported inconsistent re-
sults in that regard. While certain studies did not report 
any cognitive impairment associated with migraine, 
some others suggested that there was a decrease in var-
ious cognitive functions, including sensorimotor func-
tion, attention, information formation, language, and 
memory, and other reported that scores from recent 
memory tests were lower, processing speed was 
slower, information formation was less, and verbal 
memory was poorer in patients with migraine. It was 
emphasized that general cognitive performance was 
not impaired in patients with migraine but verbal 
memory tests indicated impairment [21, 42-44]. In a 
study on Danish twins, there was no difference be-
tween twins with and without migraine by fluency, 
word recall, and number sequence learning test [21]. 
In the present study, there was no intergroup difference 
by scores from the number sequence learning test, 
which measured verbal memory, where the total num-
ber of animals that could be named in the Animal Flu-
ency test, which evaluated attention and concentration, 
was lower in the migraine group compared to the con-
trol group. As per the mental control tests, the number 
of errors in the test of counting backward in 7’s was 
higher in the migraine group. There was no difference 
between patients with episodic and chronic migraine 
vis-à-vis both tests.  
      A meta-analysis by Gu et al. [45] reported that 
cognitive function and language function were lower 
in the migraine group compared to the non-migraine 
group, while there was no difference by visuospatial 
function, attention, executive functions, and memory. 
In the present study, there was no intergroup difference 
by visual memory, attention and executive functions 
consistent with the results reported in the relevant lit-
erature.  
      Previous studies suggested that patients with mi-
graine for prolonged periods and frequent attacks 
might have impaired memory and attention, and pro-
longed visual-motor speed [46]. In the present study, 

delayed memory decreased as the migraine duration 
increased, and the number of errors made in the Ani-
mal Fluency test was higher in the migraine group 
with 5-15 headache-days/month compared to the other 
groups. It was an interesting result that the group with 
≥15 headache-days per month was more successful. 
This inconsistent result may also be associate with the 
comparatively low number of patients included in this 
study. The inconsistencies among studies, which did 
not investigate the relationship between migraine and 
cognition, might be due to certain factors, including 
age, sex, migraine duration, attack frequency, attack 
duration, physical performance, sleep quality, comor-
bid depression, and anxiety. 
 
 
CONCLUSION 
 
In conclusion, primary and secondary somatosensory 
cortex, prefrontal, insular, anterior cingulate and thal-
amus play major roles in acute pain. To a lesser extent, 
the basal ganglia, hippocampus, amygdala, cerebel-
lum, temporal, and parietal cortex are involved in 
acute pain [28, 40, 47]. Neuroimaging results indi-
cated anatomical and functional connections and the 
occurrence of a number common structures in pain 
and memory networks. The sensory and emotional 
characteristics of pain overlap with memory centers. 
Memory disorders may occur as a result of the pro-
cessing of pain inside the brain [48, 49].  
Migraine is considered a complex neurological disease 
involving many regions in the brain and it has been 
suggested that migraine may lead to permanent central 
nervous system dysfunction, atrophy in neocortical 
structures, including hippocampus and amygdala, 
cerebellum, subcortical gray matter, and cognitive im-
pairment. Despite a number of studies in the relevant, 
the pathophysiology of migraine, changes in the brain, 
and possible cognitive impairments have not yet been 
fully understood. There is a requirement for future 
studies with larger samples to compare neuroimaging 
results and cognitive functions with clinical parame-
ters, including attack frequency, attack severity, dis-
ability rate, medication use, and depression and 
anxiety in patients with migraine. 
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