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Abstract: Purpose: To identify consistent results of voxel-based morphometry (VBM) studies in migraine. Methods:
Whole-brain VBM studies comparing migraine patients with healthy controls (HC) were systematically searched in
PubMed, ISI Web of Science, Embase, and Medline databases from January 1990 to Dec 2014. Coordinates were ex-
tracted from clusters with significant difference in gray matter volume (GMV) between migraine patients with healthy
controls (HC). Meta-analysis was performed using activation likelihood estimation (ALE). Results: A total of 5 studies,
comprising 126 migraineurs, including 23 migraine with aura, 41migraine without aura, 11 epidemic migraine and
16 chronic migraine as well as 19 Mm and 16 nmM, and 134 HC, were enrolled. The included studies report GMV
reduction at 84 coordinates in migraine, as well as GMV increase at 2 coordinate in migraine. However, due to only
two included studies have classified patients into these two phenotypes and one stated they included only migraine
with aura patients , we were not able to perform a subgroup analysis and separate meta-analyses on each phenotype.
Conclusion: There were significant reductions in Middle frontal cortex (BA6, 9) structures and the Inferior frontal
cortex (BA44) in migraine. These changes of GMV may indicate the mechanisms of the associated symptoms such
as coghnitive dysfunction, emotion problems and autonomic dysfunction. But whether this is the characteristics of the
subtypes of migraine or can distinguish the types of migraine or primary headache, further studies examining larger
samples may better elucidate the changes related to the iliness and highlight its pathological mechanism.
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Introduction

Migraine is a form of episodic primary neuro-
vascular headache that is probably based fun-
damentally on dysfunction in the brain [1].
Migraine headaches cause significant individu-
al and societal burden due to pain, environmen-
tal sensitivities, resulting disability, and lost
productivity. Migraine costs much directly and
indirectly and results in substantial pain, dis-
ability, and a decreased overall quality of life
[2-6]. A better understanding of migraine mech-
anisms will lead to improved treatments and a
reduction in the negative impact of migraine
[7-10].

Advances in our understanding of the neurobi-
ology of migraine have provided considerable
insights into the problem. Neuroimaging has
led to advances in the description of migraine
mechanisms and to the identification of sec-

ondary structural and functional effects of
migraine [11]. However, due to the episodic and
generally unpredictable nature of individual
migraine attacks, imaging during spontaneous
migraine has proven difficult [12, 13]. New
imaging techniques may have potential to iden-
tify mechanisms responsible for the transfor-
mation from infrequent to frequent headache
patterns, and thus, lead to novel diagnostic and
therapeutic interventions that will help to
improve the lives of millions of patients with
migraine [14]. Voxel-based morphometry (VBM)
is a newer technique that aims to detect consis-
tent structural differences between groups of
subjects that can be related to functional cor-
relates and thus further understanding of dis-
ease pathophysiology in the brains of patients
with migraine and non-migraine controls [7, 9,
12]. In the past decade, VBM has been widely
used in many types of cephalalgia, such as
cluster headache [15], chronic tension type
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headache [16], hypnic headache [17]. Moreover,
in recent years, VBM also has been conducted
in migraine. However, the results about these
studies were full of contradictions. An initial
VBM study of migraine found no differences in
global or regional grey or white matter between
patients and controls [18], but more recent
studies have found differences. A separate
VBM study confirmed that patients with
migraine had decreased grey matter in the
anterior cingulate cortex, insula, amygdala,
parietal operculum, and middle and inferior
frontal gyrus [19]. JH Kim and colleagues found
those had regions of reduced grey matter den-
sity in the bilateral insula, motor premotor, pre-
frontal, cingulate cortex, as well as right poste-
rior parietal cortex and orbitofrontal cortex
[20], and increased density of the PAG and the
dorsolateral pons [21].

Therefore, the present work aims to systemati-
cally and voxel wisely meta-analyze the GM
changes in patients with migraine. We used
Activation likelihood estimation (ALE) to do this
analysis, which is a powerful voxel-based meta-
analytic technique originally designed for func-
tional neuroimaging studies [22, 23], and has
been effectively applied in a number of disor-
ders, such as idiopathic [21] Parkinson’s dis-
ease [24], amyotrophic lateral sclerosis [25],
and obsessive-compulsive disorder [26-28],
Neuromyelitis Optica Patients [29]. Though
finding the core regions of structural changes,
our work may be helpful in obtaining insights
for further understanding of the pathophysiolo-
gy underlying migraine [7-9, 30].

Materials and methods
Data source

A systematic search of the Medline database
(from January 1990 to Dec 2014), PubMed, ISI
Web of Science and Embase was conducted.
The key words used were (“Migraine ”; “Migraine
with aura”; “Migraine without aura”; “Magnetic
resonance imaging (MRI)”; “Voxel-based mor-
phometry (VBM)”; “Meta-analysis”; “Activation
likelihood estimation (ALE)”; “ voxel”; “voxel-
wise”; “voxel-based” or “morphometry”). The
references of the relevant articles were also
searched for additional studies.

Selection of studies and extraction of data

A study was considered for inclusion: If it (1)
reported a VBM (GMV or gray matter concentra-
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tion) comparison between adult patients with
migraine and healthy control (HC) subjects; (2)
reported whole-brain results of changes in ste-
reotactic coordinates; (3) used thresholds for
significance corrected for multiple comparisons
or uncorrected with special extent thresholds;
(4) involved patients divided into migraine with
aura and migraine without aura or episodic
migraine and chronic migraine according to the
Second Edition of International Classification of
Headache Disorders (ICHD-III) [31]; (5) involved
patients without intracranial surgery; (6) pub-
lished in English with peer review. To avoid
repetitive data, the study with the most com-
plete description of data was recruited when
the same name of author, similar characteris-
tics of participants and data appeared in two or
more publications. In cases where similar stud-
ies met the aforementioned inclusion criteria
but had overlapping data with one author, the
study with the largest sample size was
selected.

A study was excluded: If (1) data were not
sufficient even after contact with the authors
by phone or e-mail; (2) fewer than seven
subjects in any group were studied; (3) data
overlapped with those of another article; (4)
some results were uncorrected and the special
extent threshold was not reported; (5) there
was no HC group; (6) patients with other kinds
of headache, such as cluster or hypnic head-
ache, were involved. The method used in the
current study was according to the Meta-
analysis of observational studies in Migraine
guidelines for meta-analyses of observational
studies.

The coordinates in each study were indepen-
dently extracted by neurologists (namely,
Wenting Hu and Jian Guo) according to the ALE
method [32-34].

Voxel-based meta-analysis

Voxel-based meta-analysis was performed on
the selected studies using the ALE software
(Ginger ALE 2.3.2, http://www.brainmap.org/)
in a standard process to compare the VBM
changes between the migraine group and the
HC group. The listed coordinates in the Montreal
Neurological Institute (MNI) space in those
studies were transformed into Talairach space
using icom2tal [35] as implemented in Ginger
ALE2.3.2. The listed coordinates in Talairach
space in those studies were back-transformed
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Table 1. Demographic and clinical characteristics of VBM studies on migraine in the meta-analysis

Mean Mean
Total migraine HC Disease  frequency  duration Estimated
Study of migraine of migraine
Number Age (years) Number Age (years) Sub Number Age (years) Duration Attacks Attacks Lifetime
(Male) (mean +SD) (Male) (mean*SD) group (Male) (mean  SD) (year) per year (h) frequency
JH Kim et al.[20] (2008) 20 (3) 33.7+11.3 33 (4) 33.8+10.5 MA 5(2) NA 9.8+6.0 32.7+109 21.8+13.1 347.1+2577
MO 15 (1) NA NA NA NA NA
Maria et al.[21] (2006) 16 (1) 42.7 15 (2) 38.6 MA 7 (1) 42.7 20.6+£8.9 20.3 NA NA
MO 9 (1) NA NA NA NA NA
Matharu et al. [18] (2003) 28 (2) 31 28 (2) NA MA 11 (1) 31 NA NA NA NA
MO 17 (1) 34 NA NA NA NA
Walter et al. [19] (2007) 27 (6) 349+84 27 (6) 349+ 8.6 Episodic 11 (2) 32.1+£8.7 20.6 £ 8.9 NA 27.3+155 141.6+116.4
Chronic 16 (4) 389+6.4 NA NA NA NA
Schmidt et al. [37] (2008) 32 (0) 324 +9.2 31(0) 32.3+12.6 mM 19 (0) NA NA NA NA NA
nmM 16 (0) NA NA NA NA NA

Key: HC: healthy control. MA: migraine with aura; MO: migraine without aura; NA: not available; SD: standard deviation; VBM: voxel-based morphometry. Mm: menstrual migraine; nmM: not menstrual
migraine.
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Table 2. Technique details of VBM studies on migraine in the meta-analysis

Study soamer Sotvare SR Palue number GV GV
JH Kim et al. (2008) 15T NA NA NA 19 Y
Maria et al. (2006) 3T SPM2 12 mm P < 0.001 (uncorrected) 40 Y Y
Matharu et al. (2003) 2.0T SPM99 10 mm P < 0.005 (uncorrected) 0

Walter et al. (2007) 15T SPM2 12 mm NA 21 Y Y
Schmidt et al. (2008) 15T SPM2 12 mm P <0.05 4 Y

Key: FDR: false discovery rate; FEW: family-wise error; FWHM: full width at half-maximum; MRI: magnetic resonance imaging;

NA: not available; SPM: statistical parametric mapping; T: tesla; VBM: voxel-based morphometry.

to MNI space using tal2mni as implemented
in Ginger ALE 2.3.2, and then retransformed
into Talairach space using tal2mni as
implemented in Ginger ALE 2.3.2, and then
retransformed into Talairach space using
icbm2tal.

The full width half maximum (FWHM) was set in
accordance with a quantitative uncertainty
model as described in an article []. The ALE val-
ues were permuted 5000 times to determine
their significance while minimizing distribution-
al assumptions. The statistical threshold was
set by a false discovery rate (FDR) value of P <
0.05 and by clusters of supra threshold voxels
exceeding 100 mmé-

Results

A total of 24 VBM studies on migraine was
selected, among which 5 studies [18-21, 37]
met the inclusion criteria for meta-analysis
(Table 1). Excluding an article without reporting
whole-brain results of changes in a stereotactic
space in three-dimensional coordinates (X, Y, Z)
[38] and one reporting no change in the struc-
ture of the brain in migraine [18], a total of 4
VBM studies on migraine was selected, among
which 4 studies [19-21, 37] met the inclusion
criteria for meta-analysis (Table 1). In 4 studies
[19-21, 37], migraine is lateralized according to
the medical history, symptoms, and neuroimag-
ing examinations and the Second Edition of
International Classification of Headache Dis-
orders (ICHD-IIl) [31]. No additional articles
were found in the reference lists of the selected
studies.

Finally, these studies compared the whole-
brain GMV differences of 127 migraine patients
including 23 migraine with aura, 41 migraine
without aura, 11 episodic migraine, 16 chronic
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migraine, 19 menstrual migraine, 16 not men-
strual migraine and 134 HCs. Some informa-
tion about age and gender were not available
(Table 1). Hence, statistical analyses in terms
of age and gender between groups were not
performed. However, in each individual study,
no difference in age or gender between patients
and HC was found. The main characteristics of
the included populations were presented in
Table 1.

Only GMV reduction was found in the patients
in 2 studies [20, 37], whereas both GMV
increased and reduction were found in the
remaining 2 studies [19, 21]. The identified
articles included 84 foci GM abnormalities
among which 2 corresponded to a greater GMV
and 82 corresponded to a smaller GMV in PFD
patients compared with HC. The technical
details of the included studies are shown in
Table 2. Group analyses were performed
between the migraine with or without aura
group and HC subjects, respectively. The group
analysis of GMV increase was not successfully
performed because only two studies reported
GMV increase and there were few coordinates
reported. As shown in Table 3 and Figure 1.

We found no increase of GMV in migraine
patients in our study. The reduction of GMV has
been validated in ALE and JACKKNIFE sensitiv-
ity analysis, and that is independent of age and
disease duration.

Nine clusters were identified in the ALE analysis
under FDR < 0.05 and voxels > 100. As illus-
trated in Figure 1 and Table 3, smaller GMV in
the middle frontal cortex (BAG, 9), inferior fron-
tal cortex (BA44), pre-central cortex (BA44),
sub-lobar insula (BA13), sub-gyral temporal
cortex (BA20), temporal cortex (BA20), where-
as, no greater GMV were identified in patients
with PFD compared to healthy controls.

Int J Clin Exp Med 2015;8(3):4311-4319
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Table 3. Regional difference of GMV between Migraine patients and HC

Cluster Cluster ALE value - Location
NO volume (mm?) Y 4 (x10%) Hemi- Lobe/ Gyrus/nucleus Broadman
sphere sub-lobe Area
1 1112 5797 11.84 12.7 25.455 L Frontal Inferior frontal 44
2 768 60.28 13.32 10.33 14.761 R Frontal Inferior frontal 44
8.759 R Frontal Pre-central 44
3 744 245 16.96 52.38 16.251 L Frontal Middle frontal 6
4 728 4213 -15.43 0.15 16.281 R Sub-lobar Insula 13
5 400 44,75 912 -11.27 12.564 R Temporal Sub-Gyral 21
6 336 -55.71 -14.79 -33.03 12.413 L Temporal Inferior temporal 20
7 144 25.44 10.03 54.13 9.589 R Frontal Middle frontal 6
8 136 -4.26 4164 188 9.749 L Frontal Middle frontal 9
9 128 41 28.25 30.26 8.917 R Frontal Middle frontal 9

Key: L: left; R: right; ALE: activation likelihood estimation; GMV: gray matter volume; HC: healthy control.

Discussion

To the best of our knowledge, this is the first
study to pool VBM studies for meta-analysis of
brain structural differences between migraine
and healthy subjects. The present voxel-based
meta-analysis using ALE mainly found patients
with migraine to have consistent structural
changes of smaller GMV in the Middle frontal
cortex (BAG, 9), Inferior frontal cortex (BA44),
Pre-central cortex (BA44), sub-lobar insula cor-
tex (BA13), Sub-Gyral cortex, temporal cortex
(BA20), temporal cortex (BA21). These results
were in line with the findings of other positron
emission tomography (PET) [39, 40], Magnetic
Resonance Imaging (MRI) [41, 42], and VBM
study (not included in this meta-analysis due to
involved mixed patients group of migraine with
and without aura). In the current analysis ,
Middle frontal cortex (BAG, 9) was found in both
migraine with and without aura patients, in
accordance with a study that used MRI and
regions of interest (ROI) [41]. Therefore, further
studies are needed to elucidate the issue.
Interestingly, Table 2 and Figure 1 show wider
GMV reduction in the migraine with aura than in
the migraine without aura. This finding was sup-
ported by the results of other studies.

The current meta-analysis utilizes the latest
version of the ALE software, which has been
successfully used in some coordinate based
meta-analyses on imaging data [43-45], to
identify the consistent regional changes among
studies. This modified software overcomes sev-
eral drawbacks of the original implementation,
such as the need to manually set the FWHM
value as well as the anatomical uniformed anal-
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ysis space and its fixed effects inference.
Consequently, the specificity of the ensuring
results is increased without losing the sensitiv-
ity of the original approach [36].

However, due to that the included studies did
not further classify the patients into migraine
with aura and migraine without aura groups,
except 3 have classified patients into these two
phenotypes [18, 20, 21] and 2 stated they
included only episodic migraine an chronic
migraine [19], and the other included only men-
strual migraine and not menstrual migraine
[37], we were not able to perform separate
meta-analyses on each phenotype. Taken
together, the current results suggest that the
VBM approach can be a useful method in esti-
mating GM abnormalities in migraine.

In our analysis, we find no definite changes in
the reported reduction of GMV in pre-central
gyrus [20], left amygdalae, Left Parietal
Operculum [19], cingulate cortex [21]. Using
VBM, JH Kim et al found that migraine patients
had significant GMV reductions in the bilateral
insula, motor/premotor, prefrontal, cingulate
cortex, right posterior parietal cortex, and orbi-
tofrontal cortex. The regions reported here
were then recognized as being involved in gen-
eral pain processing or the response to pain
[46-48]. Moreover, such GM changes have also
been demonstrated in other forms of chronic
pain disorders, including back pain [49, 50]
tension-type headache [51] and phantom limb
pain [52]. We didn't find the same changes as
reported in other studies. Even we set the mini-
mum concentration value of 100 mm?, rather
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Figure 1. ALE map investigating differences in GMV between Migraine patients and HC. Key: Significant clusters
were overlain onto an MRIcron template for Windows for display purposes only. GMV: gray matter volume; HC:
healthy control.

than 200 mm?3, it is still difficult to find a greater
concentration of related brain regions.

However, up to date, the precise mechanism of
the reduction of GMV and different intracranial
damages in the migraine remain unclear. A few
studies have shown that the brain damages
maybe related to age, whereas our systematic
review also did not find this correlation. A case
report showed functional MRI abnormalities in
brain stem regions in a subject with migraine
with aura. As shown in Table 3 and Figure 1,
the reduction of GMV are susceptible to be in
the right brain than the left, and it is supported
by some studies.

Because of the deficiency of the included stud-
ies, we could not make the regression analysis
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to evaluate the effects of the drugs on gray
matter changes. The notion that structural
abnormalities of specific CNS regions might
contribute to characterizing the different head-
ache conditions, differentiate their clinical
manifestations and guide therapeutic interven-
tions has been postulated by several authors
[6, 22, 23]. We are not clear that these changes
of gray mater are specific for migraine and that
if it can differentiate the subtypes of migraine
including migraine with aura, migraine without
aura, chronic tension type headache etc. In
addition, we cannot predict the development of
migraine. Therefore, it needs more profound
and longitudinal on a group of homogeneous
patients should be conducted in the future to
confirm these findings.

Int J Clin Exp Med 2015;8(3):4311-4319
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Nevertheless, in the present study, there were
several limitations that could have affected the
accuracy of the results. Firstly, the meta-analy-
sis is subject to publication bias because
unpublished international studies were not
included and the studies were limited to those
published in English, and the number of includ-
ed studies was small. Second, the heterogene-
ity of the methodologies in the VBM studies,
such as the different preprocessing protocols
(traditional or optimized), smoothing kernels,
and statistical thresholding methods, could not
be entirely ruled out. Third, the voxel-wise meta-
analysis was based on the pooling stereotactic
coordinates with significant difference, rather
than on raw data from the included studies,
which may have led to less accurate results.
Fourth, although this new version of the ALE
accommodates the sample size of each
includes study, it fails to take into account the
different statistical parameters of each cluster
(e.g., z scores and cluster size) in each study.
Fifth, clinical variables, such as symptom
dimensions, medication status and co-morbidi-
ty status, were not considered in this analysis.
Sixth, a correlation analysis between GMV
reduction and disease duration failed because
the relative data were not available in some
studies. Seventh and last, the analysis of GMV
increase in migraine patients was not success-
fully performed because only two studies
detected it. However, the fact that almost all of
the studies contributed to the results argues in
favor of the robustness of our findings despite
the clinical heterogeneity of the study
populations.

Conclusion

Whole-brain VBM studies identified consistent
widespread GMV reduction in migraine, specifi-
cally in the Middle frontal cortex (BAG, 9),
Inferior frontal cortex (BA44). These changes of
GMV may indicate the mechanisms of the asso-
ciated symptoms such as cognitive dysfunc-
tion, emotion problems and autonomic dys-
function. But whether this is the characteristics
of the subtypes of migraine or can distinguish
the types of migraine or primary headache, fur-
ther studies examining larger samples may bet-
ter elucidate the changes related to the illness
and highlight its pathological mechanism.
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