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Background: Menstrual migraine without aura (MRM) is common in female migraineurs and is closely 
related to cerebral functional abnormalities. However, whether the whole brain networks and directional 
functional connectivity of MRM patients are altered remains unclear. The purpose of this study was to detect 
the alterations of resting-state functional networks and directional functional connectivity between MRM 
and non-menstrual migraine without aura (NMM) patients using functional magnetic resonance imaging 
(fMRI) with degree centrality (DC) and Granger causality analysis (GCA) methods. 
Methods: In this retrospective and cross-sectional study, 45 MRM and 40 NMM patients (matched in age, 
gender, and years of education) were recruited in the study between May 2018 and June 2022. All participants 
had undergone resting-state fMRI scanning at the Neurology and Pain Outpatient Department of Nanjing 
First Hospital. Their brain functions were analyzed in terms of DC and GCA, with the significant threshold 
at voxel level P<0.01 and cluster level P<0.05, Gaussian random field corrected. Correlation analysis was 
adopted to assess the relationships between the fMRI results and clinical features (P<0.05, Bonferroni 
corrected).
Results: Compared with those in the NMM group, MRM patients showed decreased DC in the right 
insula (T=−4.253). Using the right insula as the seed region, patients with MRM demonstrated enhanced 
effective connectivity from the right insula to the ipsilateral middle temporal gyrus (T=4.138) and 
contralateral superior temporal gyrus (T=3.523). Furthermore, the MRM group also showed decreased 
effective connectivity from several brain regions to the right insula, which included the right inferior occipital 
gyrus (T=−4.498), left middle frontal gyrus (T=−4.879), right precuneus (T=−4.644), and left inferior parietal 
gyrus (T=−4.113). The average Self-rating Anxiety Scale score of the MRM group was significantly higher 
than that of the NMM group [P=0.032, 95% confidence interval (CI): 0.363–7.761]. In the MRM group, 
disease duration was negatively correlated with the mean value of DC in right insula (r=−0.428, P=0.01).
Conclusions: The present research demonstrated that patients with MRM have disruption in insula 
resting-state functional networks. Disrupted networks contained regions associated with cognitive processes, 
emotional perception, and migraine attack in MRM patients. These results may improve our comprehension 
of the neuromechanism of menstrually-related migraine.
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Introduction

Migraine is a primary neurologic disorder featured with 
complex manifestations beyond just headache, and is often 
accompanied by vomiting, nausea, tiredness, photophobia, 
and phonophobia (1). As a particular subtype of migraine, 
menstrual migraine without aura (MRM) is accompanied by 
additional migraine attack corresponding to the menstrual 
cycle (2). Compared with non-menstrual migraine without 
aura (NMM), MRM has typically been treated with higher 
doses of acute medication, is less responsive to acute therapy, 
and is associated with greater disability (3,4). In light of these 
differences, there are likely neuromechanism differences 
present in MRM patients compared to NMM patients.

Menstruation is arguably the most common migraine 
trigger of all, having been noted in up to 70% of female 
migraineurs (5). Hormonal factors exert a tremendous 
impact on migraine. As characteristic of migraine in women, 
neuroendocrine vulnerability may facilitate initiation of 
migraine attack (6). Abnormal physiological fluctuations of 
sex hormones (i.e., estradiol and progesterone) in female 
migraineurs can influence the central nervous system (CNS) 
on multiple levels, which may be the physiological basis 
of MRM (7). A drop in estrogen may lead to increased 
susceptibility to prostaglandins (PGs). Neurogenic 
inflammation caused by increased sensitivity to PGs can 
lead to increased release of calcitonin gene-related peptide 
in the trigeminovascular system, which may increase their 
susceptibility to migraine during menstruation (8). Migraine 
is a multifaceted CNS disorder. An increasing number of 
neuroimaging studies indicate that MRM is not only related 
to abnormality in pain processing networks but also other 
regions of the CNS (9,10). A better understanding of the 
disorder of the brain functional network may provide novel 
insights into the neural mechanism of MRM. 

As a core node, the insula is closely related to a wide 
range of cortical and subcortical regions and participates 
in coordination between various brain functions such as 
sensorimotor and pain perception processing, orchestrating 
interceptions, autonomic control, emotional awareness, 
attention, or salience. Besides, the insula has the capability 

to choose the most critical information from multiple 
internal and external stimuli (11). It is also known to be 
involved in specific behaviors related to disease conditions 
such as migraine. As a node of the salience network, the 
insula acts as a switcher between salience, executive control, 
and default mode network (DMN), which may respond 
to fluctuating levels of estrogen (12,13). In a longitudinal 
menstrual cycle study, higher hormone levels during the 
mid-luteal phase resulted in increased within-salience 
network connectivity, which reflected enhanced inter-
hemispheric connectivity between the insulae (14). In girls 
with central precocious puberty, decreased gray matter 
volume of the left insula was associated with increased 
follicle-stimulating hormone levels. Besides, increased 
resting state functional connectivity within bilateral 
insular cortices was also related to basal and peak estrogen  
levels (15). Similar to previous functional magnetic 
resonance imaging (fMRI) findings in healthy young 
females (16), these findings suggest that brain regions 
involved in cognition and emotion processing may be partly 
modulated by hormone levels. However, how the insula and 
other cerebral regions in the whole brain interact with each 
other in MRM patients needs further exploration.

Voxel-wise degree centrality (DC) may provide an 
objective and comprehensive assessment of brain functional 
connectivity patterns in certain diseases. On the basis of graph 
theory, DC calculates the time series correlation between 
each node and other voxels in the whole brain without 
selecting nodes or networks of interest in advance (17).  
Abnormal DC values reflect that relevant cerebral regions 
are located in the hub of the whole brain information 
communication network. Granger causality analysis (GCA) 
can be used to explore the top-down effective connectivity 
between the selected node and other brain regions, which 
reflects causality between cerebral regions (18). Our previous 
study also demonstrated disruption of directional functional 
connectivity in the amygdala in migraine patients without 
aura (19). However, few studies have explored the aberrant 
brain functional hubs between MRM and NMM patients 
combining DC and GCA.
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Figure 1 The flow diagram of enrolment. ICHD-3, International Classification of Headache Disorders 3; MRM, menstrual migraine 
without aura; NMM, non-menstrual migraine without aura.

Disrupted whole brain networks and directional 
functional connectivity might be the neuromechanism 
of MRM patients, and the insula may play an important 
role. To address this issue, we aimed to use DC to explore 
the hub of the whole brain information communication 
network between MRM and NMM patients, and then 
apply GCA to explore the top-down effective connectivity. 
We hypothesized that alterations of directional functional 
connectivity in the hub node explored by DC analysis 
can reflect the physiopathologic mechanism of MRM. 
We present this article in accordance with the STROBE 
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-23-838/rc).

Methods

Participants

A total of 46 MRM patients and 43 age-, gender-, and years 
of education-matched NMM patients were consecutively 
recruited in the study between May 2018 and June 2022; 
all participants were female and right-handed. A case in the 
MRM group was excluded from further analysis because of 
pregnancy, and three cases in the NMM group was excluded 
because of drug abuse and cerebral vascular disease. Thus, 
45 MRM patients and 40 age-, gender-, and years of 
education-matched NMM patients were enrolled in our 
study (Figure 1). In this retrospective and cross-sectional 

study, all participants were recruited from the Neurology 
and Pain Outpatient Department of Nanjing First Hospital. 
As recommended by the International Classification of 
Headache Disorders (ICHD), in the third version of ICHD 
(ICHD-3beta) (2), MRM was defined an occurrence of 
migraine without aura (MwoA) in the perimenstrual period 
(2 days before menstruation to 3 days after the menstrual 
period) in at least 2 out of 3 menstrual cycles, with 
additional migraines occurring outside the perimenstrual 
period was considered the MRM group. Female patients 
with MwoA that occurred only outside of the menstrual 
cycle were included in the NMM group. All MwoA female 
patients had had a regular menstrual cycle for 6 months or 
more and were 18–50 years old. The exclusion criteria were 
pregnant, breast-feeding, or probable medication overuse-
related headache. All participants completed the Self-
rating Anxiety Scale (SAS), Self-rating Depression Scale 
(SDS), Montreal Cognitive Assessment (MoCA), Headache 
Impact Test-6 (HIT-6), and Migraine Disability Assessment 
(MIDAS). To prevent any possible influence from 
migraine attack, alcohol, smoke, cerebrovascular disease, 
and medication on fMRI signal fluctuation, patients were 
migraine free, had not taken medicine, alcohol, or smoked 
for at least 3 days before MRI scan and were followed up 
3 days after scanning to ensure that they did not have any 
migraine attacks during this period. MRI was performed 
outside the menstrual period, approximately during  
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days 12–16 of the menstrual cycle. This study was conducted 
in accordance with the Declaration of Helsinki (as revised in 
2013). The study was approved by the Institutional Review 
Board of Nanjing Medical University and informed consent 
was provided by all individual participants before MRI scan.

Imaging methods

MR examinations were conducted at 3.0 Tesla MRI scanner 
(Ingenia, Philips Medical Systems, Best, Netherlands). All 
cases were scanned with almost the same protocol including 
high-resolution 3-dimensional fast-echo T1-weighted 
MR images [repetition time (TR) =8.1 ms; echo time (TE)  
=3.7 ms, resolution 1×1×1, scan time about 4:20 min], 
functional images (echo-planar imaging, resolution 
2.75×2.75×4 mm3, TR/TE =2,000 ms/30 ms, 230 volumes, 
awake and eyes closed, scan time about 8:08 min), and 
fluid-attenuated inversion recovery imaging (FLAIR; TR  
=7,000 ms; TE =120 ms; slices =18; slice thickness =6 mm). 
Based on visual inspections on structural MR images, patients 
with brain tumor, brain vascular disease, hydrocephalus, or 
obvious white matter hyperintensity were excluded from this 
study. 

Image preprocessing

The preprocessing of the functional data was executed 
by the GRETNA package using MATLAB (MathWorks, 
Natick, MA, USA). The steps of preprocessing included 
removing the first 10 time points, slice timing correction, 
head motion correction, normalization of the native space 
to Montreal Neurological Institute (MNI) space with a final 
size of 3×3×3 mm3, regression of signals from white matter, 
cerebrospinal fluid, and 24 head movement parameters, 
linear trend removal in time series from each voxel, and 
bandpass filtering (0.01–0.1 Hz). 

Voxel-wise DC analysis

We used the REST package to perform voxel-wise DC 
calculations by taking each voxel as a node. The specific steps 
for obtaining DC maps had been detailed in the previous 
study (20). In short, it includes the following steps: the time 
course of each voxel was extracted first. Subsequently, we 
calculated each voxel’s Pearson correlation coefficient (r) of 
the time course between each voxel and all the other voxels. 
Finally, the threshold of the obtained Pearson correlation 
coefficient matrix was set to r>0.25. In the present research, 

we used binary DC values. To improve the normalization 
of the data, we transformed the correlation coefficients to 
z-scores using Fisher’s r-to-z transformation.

Seed-based GCA analysis

This step used REST package to perform GCA analysis. 
Firstly, the brain regions where there were clusters with 
increased or decreased DC values displayed in MRM 
compared to NMM were defined as regions of interest. 
Then, GCA was used to describe directional connections: 
between the reference time series of the seed region and 
the time series of each voxel within the whole brain. We 
performed two analyses for the selected seed: seed-to-other 
brain voxel analysis (X to Y effect) and other brain voxel-to-
seed analysis (Y to X effect). In our study, the time series of 
the selected seed were defined as seed time series x, and time 
series y denoted the time series of all voxels in the brain. A 
positive coefficient from X to Y (Fx→y) indicated the linear 
direct influence of x on y. Similarly, a negative coefficient 
from X to Y (Fy→x) suggested the linear direct influence of 
y on x. A bivariate coefficient GCA was performed to assess 
the causal effect between the selected seed and other voxels 
of the whole brain so that two Granger causality maps were 
generated based on the influence measures for each case. 
The residual-based F was normalized (F’) and standardized 
to Z score for each voxel (Zx→y and Zy→x, subtracting 
the global mean F’values, divided by standard deviation). 
For the group analysis on the effective connectivity of the 
selected seed, mean values of Zx→y and Zy→x maps were 
computed for each group. All four Granger causality maps 
were acquired, with two for each direction and two for each 
group (the right insula with Zx→y and Zy→x for both the 
MRM and NMM groups). 

DC and GCA 

Between-group comparisons of DC and GCA maps were 
performed in the SPM12 software (Wellcome Centre for 
Human Neuroimaging, London, UK) using general linear 
model (GLM) analysis. The 2-samples t-test was conducted 
to analyze the differences of DC and GCA values between 
MRM and NMM groups with age, gender, and years of 
education as covariates. For multiple comparison correction, 
Gaussian random field (GRF) correction with voxel level 
P<0.01 (Z>2.58) and cluster level P<0.05 was used. The 
threshold of cluster size was set at 100 voxels. For DC 
analysis, a mask was created by combining the significant 
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Table 1 The demographic and clinical characteristics of participants

Characteristics MRM (n=45) NMM (n=40) P value

Age (years) 34.46±9.98 36.63±7.22 0.325

Education (years) 14.09±2.7 15±2.62 0.173

SAS 39.83±8.34 35.77±6.2 0.032*

SDS 41.9±8.02 39.51±8.18 0.242

MoCA 26.6±1.68 27.4±1.81 0.072

HIT-6 61.17±6.84 62.35±5.93 0.081

MIDAS 12±6.562 11.28±6.15 0.074

Frequency (days per month) 4.8±3.1 4.2±2.9 0.071

Duration (years) 11.5±8.2 12.1±7.5 0.069

Data are represented as the mean ± standard deviation. Unless otherwise indicated, P-values were calculated with 2-tailed t-tests. *, 
P<0.05 by the 2-sample t-test. MRM, menstrual migraine without aura; NMM, non-menstrual migraine without aura; SAS, Self-rating 
Anxiety Scale; SDS, Self-rating Depression Scale; MoCA, Montreal Cognitive Assessment; HIT-6, Headache Impact Test-6; MIDAS, 
Migraine Disability Assessment.

clusters in both groups, which were obtained from 1-sample 
t-test results (P<0.05, GRF corrected). For GCA analysis, 
positive clusters based on REST-plus were generated as 
binary mask, and the connective strengths of the significant 
regions were extracted based on the z-maps. 

Statistical analysis

Demographic data and clinical assessment data between 
MRM and NMM groups were analyzed using 2-sample 
t-test for means, and the chi-square test was adopted 
to examine differences between genders (P<0.05 was 
considered to be significant). To investigate the relationship 
between fMRI data and clinical characteristic of MRM 
groups, regions showing significant differences between 
groups were extracted. Then, the mean z-values of aberrant 
DC and GCA region masks were calculated within every 
case. The software SPSS software 17.0 (IBM Corp., 
Chicago, IL, USA) were performed to calculate Pearson’s 
correlation coefficients. P<0.05 was considered statistically 
significant, corrected for age, and years of education. 
Bonferroni correction was used for multiple comparisons in 
the correlation analyses.

Results

Demographic and clinical characteristics

As summarized in Table 1, neither group showed any 

significant differences for age (P=0.325), education duration 
(P=0.173), MoCA score (P=0.072), SDS score (P=0.242), 
HIT-6 score (P=0.081), MIDAS score (P=0.074), frequency 
(P=0.071), or duration (P=0.069). Nevertheless, the average 
SAS score of the MRM group was significantly higher than 
that of the NMM group [P=0.032, 95% confidence interval 
(CI): 0.363–7.761] (Table 1).

DC and GCA

Compared with the NMM group, significantly decreased 
DC of the right insula (T=−4.253) was found in the 
MRM group (Table 2 and Figure 2). The MRM group 
demonstrated strongly enhanced effective connectivity 
from the right insula to the ipsilateral middle temporal 
gyrus (T=4.138) and contralateral superior temporal 
gyrus (T=3.523). Furthermore, the MRM group showed 
obviously decreased effective connectivity from several 
brain regions to the right insula, which included the right 
inferior occipital gyrus (T=−4.498), left middle frontal 
gyrus (T=−4.879), right precuneus (T=−4.644), and left 
inferior parietal gyrus (T=−4.113) (Table 2, Figures 3-5). All 
the resultant T-maps were corrected using GRF with voxel 
P<0.01 and cluster P<0.05.

Correlation analysis

As exhibited in Figure 6, disease duration was negatively 
correlated with the mean value of DC in the right insula 
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Table 2 Significantly lower DC in the right insula and difference in directional FC to and from right insula in MRM versus NMM groups

Brain region
Peak MNI coordinates

Voxel size Peak T score
X Y Z

Lower DC in MRM vs. NMM

Right insula 42 9 −12 108 −4.253

Directional FC from right insula in MRM vs. NMM

L_Sup_Temporal −60 −66 15 200 3.523

R_Mid_Temporal 60 0 −24 180 4.138

Directional FC to right insula in MRM versus NMM

R_Inf_Occipital 48 −81 −12 170 −4.498

L_Mid_Frontal −27 60 6 195 −4.879

R_Precuneus 9 −66 21 200 −4.644

L_Inf_Parietal −54 −63 39 125 −4.113

Voxel P<0.01 and cluster P<0.05, Gaussian random field corrected). DC, degree centrality; FC, functional connectivity; MRM, menstrual 
migraine without aura; NMM, non-menstrual migraine without aura; MNI, Montreal Neurological Institute; L_Sup_Temporal, left superior 
temporal gyrus; R_Mid_Temporal, right middle temporal gyrus; R_Inf_Occipital, right inferior occipital gyrus; L_Mid_Frontal, left middle 
frontal gyrus; R_Precuneus, right precuneus; L_Inf_Parietal, left inferior parietal gyrus.

R Insula

X=44Z=−9

R L

y=13

−1.58

−4.25

Figure 2 Significantly lower DC in the right insula in patients with 
MRM versus NMM. R insula, right insula; DC, degree centrality; 
MRM, menstrual migraine without aura; NMM, non-menstrual 
migraine without aura.

R Insula

Y=−46Z=12

R L

y=2

2.58

4.13

Figure 3 Causal outflow from the right insula to the rest of the 
brain (X to Y). R insula, right insula.
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Figure 4 Causal inflow to the right insula from the rest of the brain (Y to X). R insula, right insula.

Figure 5 General view of directional connectivity from and to the right insula in MRM. MRM, menstrual migraine without aura; INS.R, 
right insula; MTG.R, right middle temporal gyrus; STG.L, left superior temporal gyrus; PCUN.R, right precuneus; IGP.L, left inferior 
parietal gyrus; IOG.R, right inferior occipital gyrus; MFG.L, left middle frontal gyrus.

in patients with MRM (r=−0.428, P=0.01). No other 
significant linear correlations were observed.

Discussion

This study was conducted to explore effective functional 
connectivity differences between MRM and NMM patients. 

The specificity of the study was combining DC and GCA 
approaches. Our main finding showed a reduction in the 
network DC of the right insula in MRM patients, which 
was significantly negatively associated with disease duration 
of migraine. Furthermore, our findings demonstrated 
that patients with MRM showed disrupted causal effective 
connectivity of the right insula in several cerebral regions 
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including diverse functional areas. 
Our study indicated that DC of the right insula was 

significantly decreased in MRM patients compared with 
the NMM group. The insula is located within the lateral 
sulcus and acts as a “cortical hub” in integrating multiple 
brain functions including sensorimotor and pain perception 
processing, autonomic control, and emotional awareness. 
It is also believed to play a crucial role in migraine (21). 
Previous studies have demonstrated that migraineurs have 
abnormal functional connectivity between the insula and 
other cerebral regions involved in pain processing such as 
the thalamus, periaqueductal gray, somatosensory cortex, 
or cognitive function regions such as the DMN (22-25). 
In addition to functional abnormalities, structural imaging 
research also demonstrated subtle gray matter changes 
of the right insula in MRM patients compared to healthy 
controls (26). As a particular subtype of MwoA, MRM tends 
to be more painful, of longer duration, less responsive to 
acute therapy, and more prone to recurrence than NMM. 
Our result of higher SAS score of the MRM group than 
that of the NMM group also reflects that the MRM patients 
exhibit more anxiety than the NMM patients. During 
menstruation, fluctuations in ovarian hormone levels have 
a significant impact on emotions and are the main cause 
of anxiety. Previous findings have indicated that the insula 
plays a crucial role in subjective evaluation of visceral 
consciousness and interoceptive stimulus, perception of 
internal bodily states, and affective experiences (27-29). 
Patients with MRM are prone to social and emotional 
adjustment problems. The fluctuations in ovarian hormone 

levels, abnormality of emotional perception and migraine 
attack experienced by MRM patients might partially be 
associated with decreased DC of the right insula in our 
study. The frequency of migraine attacks in MRM patients 
is higher than that in NMM patients, which can occur both 
inside and outside of the perimenstrual period. The altered 
DC of the insula in our study may explain this difference. 
Zhang et al. also found that the placebo effect was achieved 
through the insula’s regulation of the brain’s sensitivity to 
pain in MRM patients (30). Although other studies may 
show different outcomes due to diversity of analytical 
methods, the aberrant functional activity of insula has 
always been found in migraineurs, which suggested that the 
insula acts as “hub of activity” in migraineurs and is worthy 
for further research to explore the neuromechanism of 
MRM.

Our research detected enhanced effective connectivity 
from the right insula to the ipsilateral middle temporal 
gyrus and contralateral superior temporal gyrus in 
the MRM group. The temporal lobe is an important 
component for auditory perception and emotion regulation 
in the human brain (31,32). Additionally, the temporal lobe 
is involved in the descending pain modulation pathway (33),  
which may play a critical role in the occurrence and 
progression of migraine. In support of this view, research 
has demonstrated the significance of the superior temporal 
gyrus in pain anticipation and encoding (34). Altered 
gray matter volumes in the temporal lobe have also been 
reported in vestibular migraine patients, indicating that this 
brain region is majorly involved in pain regulation (35). 
Li et al. discovered that regional efficiency in the bilateral 
superior temporal gyrus was decreased in MRM patients 
compared to healthy controls, which was attributed to 
the decreased network integration (36). Anatomically, the 
insula and the mesial temporal lobe are directly connected 
through amygdaloinsular fasciculus in the extreme capsule, 
forming the temporoinsular projection system (37). 
Cerebral network reorganization of MRM is more complex 
than that of NMM as migraine attacks inside and outside 
the perimenstrual period would also contribute to the subtle 
changes in the cortical organization of brain. Our result 
of abnormal connectivity between the insula and temporal 
lobe indicates that reorganization of the temporoinsular 
projection system may be consequence of repeated pain 
stimulation. The temporal lobe may be an important 
component of the neural regulation for high-frequency 
attacks in MRM patients. 

The middle frontal gyrus, as one of components in 
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Figure 6 Correlations between the mean value of DC in right 
insula and disease duration. DC, degree centrality.
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the executive control network, is responsible for higher 
cognitive control functions and modulation of pain (38,39). 
A recent study observed decreased effective connectivity 
from the left middle frontal gyrus to the right insula in the 
MRM group. Connection between the insula and the frontal 
lobe is implicated in cognitive and pain processing (40). In a 
previous study, MRM patients exhibited lower amplitude of 
low-frequency fluctuations values in dorsolateral and medial 
prefrontal cortex than pure menstrual migraine (10). The 
frontal cortex is one of the important regulatory centers in 
the brain of migraineurs. It is also a predisposing element 
in the pathological mechanisms of migraine patients (41).  
Abnormal activity in the middle frontal gyrus also 
demonstrated a negative correlation with the pain intensity 
in migraineurs (42). Our finding of a disrupted pathway 
from the frontal lobe to the insula might be associated 
with emotional management and inhibitory control of pain 
perception disorder in MRM patients. 

The present study also detected decreased effective 
connectivity from the right precuneus, right inferior 
occipital gyrus, and left inferior parietal gyrus to the 
right insula in the MRM group. Precuneus and inferior 
parietal gyrus are core components of the DMN (43). 
The DMN acts as an important affective component 
in pain regulation, especially in the encoding of painful 
processes (44). Additionally, Zou et al. (45) discovered 
that after acupuncture treatment for chronic migraine, 
alteration of DMN functional activity was associated with 
relief of pain intensity and migraine frequency. A previous 
study investigated whether gender differences affect the 
thickness of cerebral cortex in migraineurs. They found that 
cerebral cortical thickness in the precuneus was increased 
in female migraineurs compared to male migraineurs and 
healthy controls (46). These results revealed sex-specific 
morphology changes in migraineurs. The inferior occipital 
gyrus participates in visual perception and processing. 
The MRM group showed an overall increase in occipital 
activation with photic activation, particularly during the 
mid-follicular phase of the menstrual cycle (47). Combining 
our findings, we speculate that the abnormal regional 
functional activity of the occipital lobe may be related to 
photophobia in MRM patients. The abnormal functional 
connectivity between these regions and insula might be 
associated with self-adaptation of pain sensation to the 
recurrent migraine attack in the MRM group.

There are several potential limitations in the present 
study. First, due to the relatively small sample size, 
our results are not comprehensive. Second, given the 

important role of hormones in MRM, the relationship 
between hormonal levels and neuroimaging needs further 
exploration in future research. Lastly, the lack of a healthy 
control group prevents us from providing a more in-depth 
discussion of the differences observed.

Conclusions

To summarize, our study discovered that the disruption in 
the brain functional network, especially the insula, plays a 
crucial role in executive dysfunction of MRM. In addition, 
the disrupted directional functional connectivity of the right 
insula might be associated with functional impairments in 
pain processing and emotion regulation, which may play an 
important role in the neuromechanism of MRM.
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