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Objective: Misdiagnosis and missed diagnosis of migraine are common in clinical
practice. Currently, the pathophysiological mechanism of migraine is not completely
known, and its imaging pathological mechanism has rarely been reported. In this
study, functional magnetic resonance imaging (fMRI) technology combined with a
support vector machine (SVM) was employed to study the imaging pathological
mechanism of migraine to improve the diagnostic accuracy of migraine.

Methods: We randomly recruited 28 migraine patients from Taihe Hospital. In
addition, 27 healthy controls were randomly recruited through advertisements. All
patients had undergone the Migraine Disability Assessment (MIDAS), Headache Impact
Test — 6 (HIT-6), and 15min magnetic resonance scanning. We ran DPABI (RRID:
SCR_010501) on MATLAB (RRID: SCR_001622) to preprocess the data and used REST
(RRID: SCR_009641) to calculate the degree centrality (DC) value of the brain region
and SVM (RRID: SCR_010243) to classify the data.

Results: Compared with the healthy controls (HCs), the DC value of bilateral inferior
temporal gyrus (ITG) in patients with migraine was significantly lower and that of
left ITG showed a positive linear correlation with MIDAS scores. The SVM results
showed that the DC value of left ITG has the potential to be a diagnostic biomarker for
imaging, with the highest diagnostic accuracy, sensitivity, and specificity for patients
with migraine of 81.82, 85.71, and 77.78%, respectively.

Conclusion: Our findings demonstrate abnormal DC values in the bilateral ITG
among patients with migraine, and the present results provide insights into the
neural mechanism of migraines. The abnormal DC values can be used as a potential
neuroimaging biomarker for the diagnosis of migraine.
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1. Introduction

Migraine is a nervous system disease characterized by high attack
frequency and disability, which seriously endangers people’s physical
and mental health and quality of life (1). In recent years, the incidence
of the disease has been increasing gradually, thereby affecting
patients’ normal life and work performance (2). The epidemiological
survey of headaches in China in 2010 showed that the incidence
of migraine in China was 9.3%. However, the pathophysiological
mechanism of migraine is not completely understood, and the
accuracy of its early diagnosis is low (3). In addition to symptomatic
diagnosis, it is necessary to develop auxiliary diagnostic tools
for migraine.

Resting-state functional magnetic resonance imaging (rs-
fMRI) is a tool with the advantages of non-invasive and high
repeatability, which can reveal the spontaneous activity of brain
neurons at the resting state (4, 5). The most commonly used
method to detect the spontaneous activity of brain regions is the
measurement of blood oxygen level-dependent (BOLD) signals
based on differences in magnetic properties of oxyhemoglobin
In the
brain, blood flow and oxygenated hemoglobin fluctuate with the

(diamagnetic) and deoxyhemoglobin (paramagnetic).

neuron activity, and thus changes in the BOLD signal can be
recorded. Over the years, the BOLD-fMRI technology has been
widely used to study neuropsychiatric brain diseases, such as
temporal lobe epilepsy (6, 7), depression (8, 9), schizophrenia
(10, 11), and mild cognitive impairment (12). Thus, fMRI can
be used to study the potential imaging mechanisms of various
neuropsychiatric diseases.

With the development of high-definition resolution magnetic
resonance technology, it has been found that patients with migraine
not only manifest organic changes in brain structure (13) but also
show changes in functional connectivity after treatment (14). Recent
studies have found that the topological properties of brain networks
in patients with episodic migraine are altered (15, 16). Among
such properties, the imbalance in the topological structure of brain
networks in female migraine patients is the most pronounced (15,
17), but there are few studies that have explored the degree centrality
of brain networks involved in migraine. Previous rs-fMRI studies
revealed a significant difference in the communication between the
brain Island, frontal cortex, and apex nucleus (18-20). Although the
results are not consistent, it has been shown that migraines are highly
communicative, but other studies found that the communication
between migraines is low. To solve this problem, we used the intuitive
index of the connection state of each spatial unit of the brain. The
number of connections between the voxel in stationary fMRI and
other voxels in the brain was calculated, and the pattern classification
analysis was performed using the degree centrality (DC). A fully
automatic program using 8 min of static fMRI can easily obtain DC
and is not limited to the selection of priori region or the network
definition. Therefore, it is reliable and can be obtained without the
need for artificial estimation and image editing features and is widely
used to quantify global connectivity. In recent years, researchers have
applied DC to conduct clinical research on neuropsychiatric diseases,
such as stroke, depression, schizophrenia, and epilepsy (6, 21-23).
Three recent studies reported that migraine patients have abnormal
DC values in the whole-brain network. Moreover, a significant
between-group difference in DC was found using a data-driven
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method. Using a data-driven method, Lee et al. found that patients
with migraine have altered DC values (24). Other studies found that
patients with migraines without aura exhibited significantly smaller
DC values in the primary somatosensory cortex and right premotor
cortex (25). Moreover, pain intensity is positively correlated with DC
in the right amygdala (26). These findings demonstrate differences
between migraine patients and bipolar disorder (BD) brain imaging.
However, few studies have investigated indicators for the diagnosis,
and there are no ideal neuroimaging biomarkers and predictive
indicators for the clinical management of migraines. This can be
ascribed due to the lack of strict selection of sample size, small
sample size, and low sensitivity of analytical methods. Therefore, it
is imperative to use DC patterns to explore potential biomarkers
for neuroimaging of migraines. The innovation of our study lies in
the combination of support vector machine (SVM) and DC analysis
methods to identify migraine patients and healthy controls (HCs).

Based on previous studies, we constructed a resting-state
brain function network by combining the DC with SVM analysis
technology. The differences in DC between migraine patients and
HCs were explored to reveal the characteristics of the migraine brain
network and find a new method in order to improve the diagnosis
of migraine.

2. Materials and methods
2.1. Subjects

In total, 30 patients with migraine were admitted to the outpatient
department and ward of the Department of Psychology of Taihe
Hospital in Shiyan from December 2018 to January 2022. The
enrolled patients underwent neuropsychological scale assessment and
brain resting-state functional magnetic resonance scanning. Among
them, 1 patient refused magnetic resonance scanning, and 2 patients
were excluded because their head movements were greater than
2 mm during the scanning. Therefore, 27 patients with migraine were
enrolled in the study. Inclusion criteria for migraine patients were as
follows: (1) The migraine diagnosis was confirmed by the Neurology
Department according to the International Headache Society (HIS)
criteria (27); (2) right handed; (3) aged 18-60 years; (4) migraine
attack interval: no headache attack 3 days before the scan, the day
of the scan, and the day after the scan; and (5) sign the relevant
informed consent form and voluntarily agree to participate in the
research. Exclusion criteria of migraine patients were as follows:
(1) previous chronic physical diseases, including cardiovascular
and cerebrovascular diseases, hypertension, hyperlipidemia, diabetes,
tumors, other types of headache, and other chronic visceral or
somatic pain; (2) having a history of chronic mental diseases,
such as severe anxiety and depression disorder, sleep disorder, and
schizophrenia; (3) history of heroin abuse, alcohol, and other drugs;
(4) contraindication of MRI; and (5) pregnancy or lactation. For HCs,
30 healthy volunteers who were matched for the age and gender
of migraine patients were enrolled, 2 of whom refused to undergo
MRI scanning. Finally, 28 HCs were included in this study. The
inclusion criteria of HCs were in line with items 2, 3, and 5 of the
inclusion criteria for migraine patients, and the exclusion criteria
were in line with items 1, 2, 3, 4, and 5 of the exclusion criteria for
migraine patients.
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2.2. Scale evaluation

Migraine Disability Assessment (MIDAS) and Headache Impact
Test - 6 (HIT-6) were used to evaluate the headache and quality
of life of all subjects. The MIDAS questionnaire was designed to
assess headache-related disabilities and to improve migraine care.
The headache patient answered five questions and scored the number
of days with limited activity due to migraine in the past 3 months (28).
The HIT-6 measures domains related to pain, social functioning, role
functioning, vitality, cognitive functioning, and psychological distress
(29). The evaluation was performed by two professionally trained
graduate students. The study was approved by the ethics committee of
the Taihe Hospital, Hubei Medical College, and all participants signed
written informed consent forms.

2.3. Magnetic resonance imaging scanning
procedures

Imaging data were recorded with the Philips 3.0T whole-body
MRI scanner. During data acquisition, the participants were required
to lie flat in the MRI scanner, relax, close their eyes, and keep their
brains awake without any qualitative thinking. Earplugs and eye
masks were used to reduce the impact of MRI noise, and foam pads
were applied to minimize head movement. All participants were
examined by a senior professional MRI technician. Rs-fMRI scanning
parameters were as follows: TR = 3,000 ms, TE = 30 ms, matrix = 64
x 64, FOV = 220 x 220 mm, turning angle 90°, slice thickness =
4 mm, slice spacing = 0, a total of 36 layers, scanning the whole brain
for 8 min. T1-weighted fast scrambled phase gradient echo sequence
was utilized to obtain structural images, with the following scanning
parameters: TR = 7.1ms, TE = 3.5ms, FOV = 220 x 220mm,
scanning layer thickness = 1 mm, turning angle 8°, matrix 352 x 352,
scanning 176 layers. The whole-brain scanning time was 4.2 min.

2.4. Data processing

The software package DPABI (RRID: SCR_010501) (30) was run
on Matlab 2013a to pre-process the static data as follows: time layer
correction, head motion correction, spatial standardization, linear
drift, regression to remove covariates (head motion parameters, white
matter signals, cerebrospinal fluid signals), and filtering. The images
with head translation >2 mm or rotation angle >2° were rescanned
on the same day until they met the scientific research needs. The 6 x
6 x 6 mm FWHM Gaussian filter was used to smoothen the image
data spatially. Finally, in the REST (RRID: SCR_009641) toolkit, the
DC was employed to calculate the Z-valued DC distribution map.

2.5. Statistical analyses

Statistical analysis was performed using SPSS version 22.0.
Gender differences among migraine patients and HCs were compared
with the chi-square test; age was tested by two independent samples
t-test, and a p-value of < 0.05 was considered statistically significant.
The measurement data were expressed as x £ s. Using gender,
age, and years of education as covariates, the REST tool was
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used to analyze the DC values of migraine patients and HCs by
two independent samples t-test, and brain regions with altered
DC were identified (P < 0.01, cluster > 30, GRF correction).
The DC values of patients with abnormal brain regions were
extracted, and Pearson’s correlation analysis was conducted for the
neuropsychological scale (P < 0.05).

2.6. Classification analyses

The SVM was conducted using a library for SVM (LIBSVM,
RRID: SCR_010243) software package in Matlab (RRID:
SCR_001622). The LIBSVM classifier is trained to learn differences
between groups by providing examples in form of (xi, ci), where x
represents the DC values of abnormal clusters and ¢ standards for the
class label. The grid search method and Gaussian radial basis function
kernels were used for parameter optimization. The “leave-pair-out”
cross-validation approach was applied using the LIBSVM software to
achieve the highest sensitivity and specificity (31).

3. Results
3.1. Demographic data

A total of 28 migraine patients and 27 HCs were enrolled in the
study. There was no significant difference in gender and age between
migraine patients and HCs (Table 1).

3.2. DC analysis and correlation analysis

Compared with HCs, the DC value of the bilateral ITG in
migraine patients was significantly lower and that of left ITG showed
a positive linear correlation with MIDAS scores (r = —0.37, P < 0.05)
(Figure 1 and Table 2).

3.3. Support vector machine results

The SVM analysis was conducted to determine whether DC
values in bilateral ITG can be used to discriminate patients from HCs
with optimal sensitivity and specificity (Figure 2). The best results
were achieved for DC values in the left ITG. This showed a sensitivity
of 85.71%, a specificity of 77.78%, and an accuracy of 81.82%.

4. Discussion

This study aimed to examine the DC between global network in
patients with migraine and HCs. Reduced DC distribution primarily
occurred in the bilateral ITG. We also observed that decreased DC
in the left ITG was significantly correlated with MIDAS deficits. The
SVM classification result suggested that the decreased DC in the
left ITG may be an effective indicator for distinguishing patients
with migraine from HCs with the highest sensitivity, specificity,
and accuracy.

The results of the DC approach indicated that regions with
aberrant cooperation were mainly located in the bilateral ITG.
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TABLE 1 Demographic characteristics of the study groups.

Gender (male/female) 12/16

Age (years) 38.11 £ 6.49
MIDAS (scores) 160.17 £ 26.45

HIT-6 (scores) 61.54 +10.11

10.3389/fneur.2022.1105592

12/15 0.89 0.42°

37.37 £5.96 0.48 0.66°

The p value for gender distribution was obtained by chi-square test. *The p value were obtained by two sample ¢-tests. MIDAS, Migraine Disability Assessment; HIT-6, Headache Impact Test-6.
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(Left) The degree centrality (DC) value of the bilateral inferior temporal gyrus (ITG) in migraine patients was significantly lower than that in healthy
controls (HCs). (Right) DC value of the left ITG showed a positive linear correlation with MIDAS scores.

Left ITG(DC values)

TABLE 2 Alterations of DC between patients and controls.

Left ITG —54 —12

Right ITG 45 —24

DC, degree centrality; ITG, inferior temporal gyrus.

Previous studies reported that continuous pain stimulation can
change the brain microstructure, and this outcome may be reversible
(32). The anatomical distance of the pathway or the changes in
connectivity across some brain regions may also gradually destroy
the cerebral cortex, thereby affecting the entire brain network
(33). A prospective study found that the frequency of migraine
attacks in migraine patients increased yearly and that the density
of gray matter in some brain regions, such as the hippocampus
and supramarginal gyrus, decreased significantly compared with
1 year ago, suggesting that persistent pain can interfere with the
brain’s processing of information, leading to changes in brain
structure (34). These findings demonstrate that patients with
migraine manifest an abnormal brain structure and brain function to
some extent. Furthermore, transcutaneous vagus nerve stimulation
can increase the functional connectivity between the ITG and the
anterior cingulate cortex/medial pre-frontal cortex and decrease the
connectivity between the thalamus subregion and the precuneus (35).
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—27 37 —3.18

—24 87 —4.49

Lai et al. found that the GM of the anterior cingulate cortex of
chronic migraine (CM) patients after trauma decreased. During the
12 month follow-up, they found that when the pain disappeared, the
gray matter of the thalamus and cerebellum increased, suggesting
that the pain processing structure showed adaptive gray matter
changes in terms of neuronal plasticity (36, 37). Among these regions,
the dorsal anterior cingulate gyrus was significantly related to the
course of the disease and was selected as the seed point to perform
functional connections with other brain regions. A previous study
uncovered the functional connection between the bilateral middle
temporal gyrus and the seed regions was enhanced in patients with
migraine (38). Although these findings are inconsistent, they can
be explained by the following three reasons. First, the subtypes
of participants in the studies were inconsistent, and the sample
size selection process was different among the studies. Second, the
analysis methods varied among the studies. Third, the brain is a
complex organ, and thus scanning at different stages of the disease
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will obtain different outcomes. Nevertheless, findings from these
studies provide valuable information that the brain structure and
function of migraine patients exhibit some abnormalities.

We also found that the DC values in the left ITG were positively
correlated with MIDAS scores. Sequal and colleagues found that the
ITG is abnormally activated in patients with migraine in both task-
related and resting state (39-41). Therefore, the present findings
demonstrated abnormal activity in the ITG and revealed new insights
into the pathomechanisms of migraine patients. The reduced neural
activity in the left ITG showed the potential to be an indicator for
diagnostic neuroimaging of migraine with a high diagnostic accuracy
of 81.82%, a sensitivity of 85.71%, and a specificity of 77.78%. This
result implies that ITG may be involved in the pathophysiological
mechanism of migraine.

5. Limitations

There are several limitations to this study. First, a small
sample size was enrolled, and most patients were using drugs for
symptomatic treatment. Such drugs may affect brain function and
hence will affect the outcomes of this study (11, 42). In the future,
we will enroll a large sample size and recruit participants who not
using drugs to further validate the present findings. Second, the
participants were enrolled at one hospital in one region. We plan to
recruit participants from multiple centers in the future. Finally, we
did not classify migraine patients into subtypes. Different subtypes of
migraine may have different imaging mechanisms (43, 44). Therefore,
the imaging mechanisms of different subtypes of migraines should be
explored in the future.

6. Conclusion
This study reported the changes in the bilateral ITG of patients

with migraine. The results suggest that normal DC values in the left
ITG can be applied in the clinical diagnosis of migraine.
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