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ABSTRACT 

Objective: The comorbidity of migraine and depressive has been recognized, but 
the pathophysiology remains unknown. Here, we aimed to explore the structural change 
of amygdala(AMY) and abnormal function in the centromedial amygdala(CMA) 
among migraineurs with depression. 

Methods: High-resolution T1-weighted and functional magnetic resonance images 
were acquired from subjects of 22 migraine comorbid with depression(EMwD), 22 
episodic migraine (EM), 20 major depressive disorder (MDD), respectively, and 18 
healthy controls(HC). Apply voxel-based morphometry (VBM) and resting state 
functional connectivity (rsFC) to examing inter-group differences in brain structure and 
function. 

Results: The volume of bilateral AMY increased in EMwD and EM compared to HC. 

EMwD showed larger volume than MDD. And the volume of AMY showed positive 
correlation with duration of illness in patient groups. Compared with EM, EMwD 
exhibited decreased rsFC between the right CMA and left cerebellum, left dorsolateral 
prefrontal cortex (DLPFC), left precuneus(PCC). In addition, rsFC between the left 
CMA and left DLPFC was negatively correlated with Hamilton Anxiety Scale (HAMA), 
Hamilton Depression Scale (HAMD). 

Conclusions: According to our findings, the larger volume of amygdala and the 
abnormal functional connectivity may help to determining the common symptoms in 
migraine with depression, and may be a treatment target for migraine and depression 
comorbidities.  

Keywords: Migraine, Depression, Amygdala, Centromedial amygdala, Voxel-
based Morphometry, Functional connectivity. 
 

INTRODUCTION 

Migraine is a common brain disease characterized with a recurrent headache and afflicts 
nearly 10% of adults worldwide[1, 2]. Many migraineurs suffer from depression and 
other comorbidities. A 2018 review of the correlation between migraine and psychiatric 
comorbidities showed that patients with migraine are two to four times more likely to 
have depression than healthy people[3]. Migraine and depression usually coexist, and 
their comorbidity may be caused by a common cause. Therefore, a better understanding 
of the neurophysiological mechanisms associated with migraine and depression 
comorbidities deserves further attention. 



   In addition to the neurovascular model, a dysfunctional neural limbic pain network 
model also expands the traditional concept of migraine, which can help clarify migraine 
attacks, chronicity and refractory[4].The limbic system is involved in pain modulation, 
memory consolidation and physiological stress response[5]. The amygdala is an 
essential element of the limbic system, well-known to be relevant to fear, learning, 
anxiety and pain[6, 7]. It is also the brain area that processes negative emotions[8], often 
shows abnormal structure and function in MDD patients[9, 10].The amygdala is divided 
into three independent but interconnected subregions: later basal amygdala(LBA), 
centromedial amygdala (CMA), and  superficial amygdala[11].Recent studies have 
shown the abnormal structure and function of different areas of the amygdala are also 
observed in patients with depression[12, 13]. The CMA, referred to as the ‘nociceptive 
amygdala’, serves as the main output nucleus for amygdala functions[6].The CMA 
forms widespread connections with forebrain areas and the brainstem, which have been 
implicated in mediating fear and mood disorders[14, 15]. A resting state fMRI data 
showed that when comparing all migraineurs with controls, there was increased 
connectivity between the left and the right amygdala and the anterior insula[16].The 
functional connectivity of the left amygdala indicated increased connectivity in 
episodic migraine and is related to sleep quality[17]. Functional connectivity between 
the CMA and the dorsal raphe nucleus was reduced in patients with chronic pain and 
depressive symptoms but not in patients in chronic pain without depression[18]. A 
structural MRI study showed that life stress within the last six months was associated 
with smaller left amygdala volume[19]. 

Migraine combined with depression is different from patients who have only 
migraine or only depression. The brain volume caused by the combination of migraine 
and depression is smaller than that of patients with or without these 
conditions[20].Previous neuroimaging studies of migraine had explored changes in the 
brain, identified abnormal functions in specific brain regions, and speculated that these 
regions may help determine the depressive symptoms of migraine without aura[21-23].In 
view of the important role of amygdala in migraine and depression, the motivation of 
this study is to study the changes in the structural and functional connectivity of the 
amygdala in comorbidity of migraine and depression. We used a seedbased method to 
compare amygdala volume and intrinsic functional connectivity between episodic 
migraine with depression (EMwD), episodic migraine (EM), patients with major 
depressive disorder (MDD) and healthy controls (HC). 



 

METHODS 

Subjects 

All patients were recruited from the Department of Neurology of the First Affiliated 
Hospital of Anhui Medical University and the First Affiliated Hospital of Science and 
Technology University of China between March 2019 and October 2020.They were 
received evaluation by two neurologists and two psychiatrists. Diagnosis of migraine 
without aura is based on the third edition (beta) of the International Classification of 
Headache Disorders (ICHD-3 beta)[24].Depression was diagnosed by two experienced 
psychiatrists using Diagnostic and Statistical Manual of Mental Disorders for 5th 
Edition (DSM-5) criteria[25]. The selection criteria for all subjects were (1) Han 
nationality (the main ethnicity in China), (2) 18-55 years old, (3) right-handed. The 
exclusion criteria were (1) a history of systemic diseases and severe neurological 
diseases, (2) migraine preventive medication used in the past 3 months or overuse of 
painkillers, (3) intracranial lesions found on previous MRI or CT scans, (4) 
contraindications for MRI scans, including metal implants or mental illnesses. Before 
MR scanning, all participants provided written informed consent.  

The EMwD group 

According to the criteria of ICHD-3 beta and DSM-5, 22 patients were diagnosed 
with episodic migraine without aura and depression. They were in the stage of 
depressive episodes. They did not use any antidepressants or drugs to prevent migraine 
in the past 3months. All migraineurs were migraine-free for at least 3 days prior to 
examination and were followed-up 3 days after the scanning to ensure that they had 
remained migraine-free to avoid any possible interference from headache pain on the 
imaging results. 

The EM group 

22 patients were diagnosed with episodic migraine without aura and without any 
history of mental illness (including MDD or depressive mood). They had no other 
medical condition than migraine, no history of medications overuse, and without any 
prophylactic or chronic medication for at least 3 months prior to study entry. This group 
also had no migraine at least 3 days before the examination, and followed up 3 days 
after the scan.  

The MDD group  

20 patients in the MDD group were received the clinical diagnosis of depression 



based on  the DSM-V. They were clinically interviewed by two qualified psychiatrists 
and in the current stage of depressive episodes. They had no history of headache.  

The HC group 

18 right-handed healthy participants were involved. All subjects underwent routine 
physical examinations and neurological examinations, and were normotensive 
(≤140/90 mmHg), and had no cardiovascular, metabolic or mental diseases. 

All subjects underwent a neurological examination and completed a standardized 
questionnaire to ascertain demographics including age, sex, and educational level. The 
clinical characteristics of patients were obtained, including migraine duration, attack 
frequency and attack duration of migraine, headache degree, Visual Analogue 
Scale(VAS),The Migraine Disability Assessment questionnaire (MIDAS), the 
Headache Impact Test-6 (HIT-6), Hamilton Anxiety Scale (HAMA), Hamilton 
Depression Scale (HAMD) and Mini-mental State Examination(MMSE). Of all the 
MDD patients were treated with monotherapy or combination therapy. The study was 
approved by the Anhui Medical University Ethics Committee. 

MRI data acquisition 

All images were acquired on a 3.0-T MRI scanning system (Discovery GE750w; GE 
Healthcare, Buckinghamshire, United Kingdom) at University of Science and 
Technology of China, Hefei, Anhui Province.  8-channel head coil. High-resolution 3D 
T1-weighted structural images were acquired using a brain volume (BRAVO) sequence 
with the following parameters: repetition time (TR) = 8.16 ms; echo time (TE) = 3.18 
ms; flip angle (FA) = 12°; field of view (FOV) = 256 mm × 256 mm; matrix = 256 × 
256; slice thickness = 1 mm, no gap; 188 sagittal slices; Resting-state BOLD data were 
obtained by using a gradient echo planar imaging (EPI) sequence(TR = 2400 ms; TE = 
30 ms; FA = 90°; FOV = 192 mm × 192 mm; matrix = 64 × 64; slice thickness = 3 mm, 
slice gap = 1 mm). Before the scanning, all participants were instructed to keep their 
eyes closed, to let their minds wander, and to avoid falling asleep.  

Brain volume quantification 

The 3D T1-weighted structural images were processed using SPM8 
(http://www.fil.ion.ucl.ac.uk/spm) and VBM8 (http://dbm.neuro.uni-jena.de/ vbm) 
under MATLAB R2013b (The Mathworks, Natick, MA, USA), involving spatial 
normalization, segmentation, modulation, and smoothing. The software package’s 
segmentation algorithm was used to partition images into gray matter (GM), white 
matter (WM), and cerebrospinal fluid (CSF). Total intracranial volume (TIV) was 

http://www.fil.ion.ucl.ac.uk/spm
http://dbm.neuro.uni-jena.de/%20vbm


assessed by combining the totality of GM, WM, and CSF volumes. With respect to ROI 
volume, the bilateral amygdala were defined using WFU PickAtlas software 
(http://www.ansir.wfubmc.edu) (Fig. 1a). 

fMRI data preprocessing and functional connectivity analysis 

Functional images were conducted using the software Data Processing and Analysis for 
Brain Imaging (DPARSFA, http://rfmri.org/DPARSF) in MATLAB R2013b. The first 
10 volumes were discarded for each subject. The remaining images were corrected by 
the following steps: slicing time, realignment for head motion correction (all head 
movements exceeding 2.0mm were excluded), spatial normalization to Montreal 
Neurological Institute (MNI) (coordinate space with 3 × 3 × 3mm), smoothing with an 
8 × 8 × 8 mm3 full width at half-maximum kernel(FWHM), detrending and filtered 
using a frequency range of 0.01–0.1 Hz. 

The functional connectivity analysis was performed as follows: 1) The centromedial 
amygdala (CMA) ROI mask was created from a data-driven characterization using 
coactivation-based parcellation[11] (Fig. 1b). 2) Functional connectivity computation of 
the left and right CMA were performed using DPARSFA. The averaged time courses of 
ROI were extracted and then Pearson’s correlations were used to calculate the 
functional connectivity between the extracted time courses and the averaged time 
courses of each voxel in the whole brain. Fisher's Z transform was conducted to 
normalize the correlation coefficient. 

Statistical analysis  

Demographic variables(the age, sex, education years, TIV) and clinical features 
(HAMA, HAMD) were performed with one-way analysis of variance (ANOVA). VAS, 
MIDAS, HIT-6 were performed with two-sample t test. Post Hoc multiple comparisons 
were performed by LSD methods with equal variances. The amygdala volumes were 
compared using ANOVA among the four groups. Pearson correlation analyses were 
used to examine the relationship between clinical features and amygdala volume. These 
statistics were performed by using IBM SPSS 24.0 (version 24.0;SPSS, Chicago, IL, 
USA), and the P <0.05 was considered to be a statistically significant difference. To 
obtain rsFC differences between the four groups, ANOVA tests were performed using 
dpabi software[26]. We put the age, sex, education years as the covariates in the 
calculates. All statistical maps were corrected with a Gaussian Random Field(GRF) 
method. The threshold was set at p < 0.001 at the voxel level, p < 0.05 at the cluster 
level, two-tailed. Pearson correlation analyses between the RSFC and each clinical 

http://www.ansir.wfubmc.edu/
http://rfmri.org/DPARSF


indicator was calculated using SPSS 24.0. 
 

RESULTS 

Demographic and clinical characteristics 

Subject demographics and neurophysiological characteristics are shown in Table 1. 
There were no significant differences observed among the four groups in regards to age, 
sex, education years, total intracranial volume (TIV).  

Intergroup differences in amygdala volume 

The volume of the amygdala, grey matter, white matter and the total intracranial are 
shown in Table 2. Figrue 2 showed that the left and right AMY volume of the four 
groups. The comparisons of bilateral amygdala volume among the four groups 
presented in Table 3. The results showed that there were significant differences in the 
volume between EMwD and MDD, EMwD and HC, EM and HC,(P<0.05). Compared to 

HC group, the volume of amygdala increased in EMwD group and EM group. EMwD group 

showed larger volume than MDD group. There was no significant difference between the 

EMwD group and EM group. 

Correlation analysis between clinical variables and AMY volume 

As illustrated in Figure 3, in both right and left amygdala, the volume was positively 
correlated with the duration of illness in patient groups. Other clinical indicators 
showed no significant correlation with AMY volume.  

Intergroup differences in functional connectivity of CMA 

Compared with the EM group, EMwD group showed a decreased rsFC between the left 
CMA and the left pallidum. For the right CMA, the decreased rsFC located in left 
cerebelum8, the left dorsolateral prefrontal cortex (DLPFC), the left precuneus cortex 
(PCC) (Fig. 3; Table 4). Compared with HC, patients in EM showed a significant 
increased rsFC between the right CMA and the right pallidum, the left and right 
dorsolateral prefrontal cortex (DLPFC), the right cingulum gyrus (Fig. 4; Table 4).  

Correlation analysis between clinical variables and FC 

A significantly negative correlation between FC and HAMD(r=−0.654,p<0.001), 
HAMA(r=−0.368,p=0.01) scores was demonstrated between the right CMA and left 
DLPFC, where FC is lower in this loop of patients had greater HAMD, HAMA scores 
(Fig. 5).  

 

DISCUSSION 



In this study, the individual AMY was created by applying the deformation field[27] to 
the AMY template, and it could be used to compute the true AMY volume. We 
demonstrated that amygdala volumetric differences between patients and HC. EMwD 
had the largest amygdala volume, and it was significantly larger than that of MDD and 
NC. The AMY volume of EM also larger than HC. Specifically, we found increased 
volume of amygdala was positively correlated with the duration of illness. Although 
there was no significant difference of AMY volume within EMwD and EM groups, the 
AMY volume of EMwD showed a slightly increased tendency compared with EM. We 
also did not detect any differences between MDD and HC groups.  

Some previous studies either in animal models[28] or human subjects[29] reported 
that the increased volume of the amygdala can be seen in the neuropathic pain. Some 
reported that altered volume of the amygdala in migraine patients. A VBM data 
established that the GMV was decreased in several brain regions involved in central 
pain processing, such as insula, amygdala, parietal operculum, middle and inferior 
frontal gyrus. The amygdala volume of chronic migraine was smaller than that of 
episodic migraine[30].A previous study showed that amygdala volume changed with 
headache frequency and the volume was correlated with frequency in specific 
ranges[31].Our findings showed some inconsistent of the AMY volume could possibly 
due to heterogeneity in patients, differences in attack frequency and MRI data 
processing approaches.  

The AMY volume showed a increased tendency in EMwD and EM with the length 
of illness. The volume of comorbidity showed significantly larger than HC. Therefore, 
it could be considered that AMY structural change might be the cause of the 
comorbidity, and AMY volume expansion might be the result of disrupted AMY 
network in migraine. Given the established role of the amygdala in emotional behaviour, 
we propose that these neuroplastic changes might contribute for the development of 
depressive symptoms.  

Many previous studies had shown some associations between migraine and 
depression, but most of them were based on case studies, clinical observations, and 
genetic epidemiology. Resting-state functional connectivity(rsFC) is often used for 
explore regional cooperation between a predefined seed region and functionally related 
regions[32], and had been used to study various disorders. Previous studies had shown 
that the CMA might be devoted to influencing motor movement, visceral responses, 
attentional reallocation, and related to its coactivation areas such as the posterior mid‐



cingulate cortex (pMCC), primary motor cortex, supplementary motor area, basal 
ganglia, primary somatosensory cortex, insula, and thalamus[11]. Our current study 
showed that patients with EMwD had disrupted resting-state CMA FC with a set of 
brain regions including diverse functional areas.  

There was a significant decreased rsFC of right CMA in EMwD compared with EM 
in our study, involving left cerebellum, left dorsolateral prefrontal cortex (DLPFC) and 

left precuneus cortex (PCC). For the left CMA, we found decreased rsFC in the left 

pallidum. The changes in rsFC pattern of left and right CMA may be related to different 

functions of bilateral amygdala. The left amygdala mainly induced either pleasant 

(happiness) or unpleasant (fear, anxiety, sadness) emotions, while the right amygdala 

mainly induced negative emotions such as fear and sadness[33]. 
The dorsolateral prefrontal cortex (DLPFC), also known as Brodmann’s areas 9 and 

46, regulates cognitive and executive functions. It plays a vital role in MDD[34].Previous 
studies reported that in patients with MDD, the DLPFC had been found to exhibit 
abnormal metabolism[34], blood flow reduction [35], and gray matter volume reduction[36]. 
In post-mortem MDD patients, the density of neurons and glial in DLPFC were 
reduced[37]. Therefore, DLPFC is considered to be a key area in the neuronal circuit 
underlying the pathophysiology of MDD. Prefrontal dysfunction in the form of 
impaired neuropsychological tests of prefrontal function has been reported in patients 
with chronic migraine[38]. In addition, a study involving healthy volunteers reported that 
reduced capsaicin induced pain on the dorsum of both the hands on left DLPFC 
stimulation, with no such effect on right DLPFC stimulation[39].In the comorbidity of 
migraine with depression patients, a previous magnetic resonance spectroscopy (MRS) 
study found an increased myo-inositol/ total creatine(mI/tCr) ratio in the DLPFC[40].A 
previous research conducted high frequency repetitive transcranial magnetic 
stimulation(HF-rTMS) over left DLPFC in migraine comorbid with depression, and 
showed significantly reduced in headache frequency, severity and functional disability 
at the end of treatment as compared to baseline[41].Our study suggested that decreased 
rsFC of right CMA and left DLPFC in EMwD compared with EM, and a significant 
negative correlation between the values of FC and HAMD and HAMA scores. 
Compared with HC, EM showed increased rsFC. However, we did not detect any alter 
regions between MDD and HC, perhaps due to the use of antidepressant medication in 
MDD patients. Thus, our work suggested that the DLPFC might be the target impaired 
brain region in the disrupted CMA dysfunction network. We speculated that left DLPFC 



is associated with the onset of migraine and may contribute to the comorbidity of 
migraine with depression patients and associated with the depressive tendency. 

In recent years, the cerebellum is implicated in several neurological and psychiatric 
disorders, mounting evidence has shown that the cerebellum is not only involved in 
motor and coordinative functions, but also involved in memory, associative learning, 
cognition, somatosensory processing, including nociception[42]. Earlier structural MRI 
studies of migraine demonstrated that decreased gray matter volume in cerebellum[43]. 
FC also changed between the cerebellum and other brain regions, such as thalamus, 
occipital areas, prefrontal cortex and fusiformis gyrus[44]. Recent study showed patients 
with MDD had decreased cerebellar-cerebral dynamic FC of the cerebellar subregions 
connecting with the executive, default-mode and affective-limbic networks. The 
dynamic FC of the cerebellar subregion connecting with the affective-limbic network 
was related to severity of depression and anxiety symptoms in MDD patients[45].Our 
findings proved that migraine patients comorbid depression had decreased FC of 
cerebellum compared migraineurs. Thus we can consider cerebellum not only involve 
the processing of migraine pain but also plays a role in contribute to modulate cortical 
excitability in migraineurs with depression.  

The precuneus cortex (PCC) is the key core of default mode network(DMN), which 
is one of the main networks that are consistently identified when an individual is at 
wakeful rest and not performing an attention-demanding task. In MDD patients, the 
disrupted connectivities of PCC had been found, including areas such as the dorsolateral 
prefrontal cortex, temporal cortex, and angular and supramarginal areas[46].A previous 
study showed abnormalities of the PCC in migraine without aura, suggested that  
information transfer and multimodal integration dysfunction and pain sensitivity and 
pain processing may also be affected[47]. A comorbidity research found that the altered 
activity of PCC in migraine might be related to the depressive tendency[22]. In our study, 
the rsFC between right CMA and left precuneus was reduced, and this connectivity 
pattern suggested the amygdala modulation network had a vital role in the migraine and 
depression. 

Our results revealed that migraine with depression exhibit significantly decreased 
rsFC in the amygdala compared with EM while EM showed enhanced rsFC compared 
with HC. We speculate that these changes are related to different symptoms. This 
finding emphasizes the abnormal developmental patterns of brain activity inherent in 
migraine with depression comorbidity, rather than migraine or depression alone. Our 



findings suggested that the reduced connection between CMA and DLPFC may be a 
potential neural substrate for the coexistence of migraine and depression. A better 
understanding of the neural mechanisms in the comorbidity may facilitate further 
classification diagnosis and help optimize clinical treatment. For example, increasing 
the connection between the CMA and DLPFC through deep target stimulation can 
provide a treatment in migraine patients with depression.  

The current research has several limitations. First, the number of patients with 
EMwD, EM, MDD was relatively small, and future studies will require a large number 
of sample studies. Second, this study was a cross-sectional study, and the longitudinal 
observation should be conducted to investigate the disease development. Third, the 
HAMD score of the EMwD group is lower than that of the MDD group, and 
antidepressants may change the functional connections of brain regions related to 
depression[48].  

CONCLUSIONS 

This study explored the amygdala volume and functional connectivity of migraine 
comorbid depression in four groups. Our research is the first to investigate the roles of 
amygdala in the neurolimbic modulating in the migraine comorbid depression 
pathogenesis. The increased volume of bilateral amygdala gave a direct evidence to 
migraine with depression and migraine. And the decreased rsFC of right CMA and 
cerebellum, dorsolateral prefrontal cortex (DLPFC) and precuneus cortex(PCC) 

enlightened the neural mechanism of the comorbidity. Our results indicate that the 

comorbidity is produced through a specific mechanism, rather than a simple 

superposition of migraine and depression. In the future, migraine research may need to 

consider depression when interpreting fMRI data. 
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EM: episodic migraine; EMwD: migraine comorbid with depression; MDD: major 

depressive disorder; HC: healthy controls; AMY: amygdala; CMA: centromedial 

amygdala; VBM: voxel-based morphometry; rsFC: resting state functional connectivity; 

DLPFC: dorsolateral prefrontal cortex; PCC: precuneus cortex.  
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 Table 1 The demographic and clinical characteristics of Participants 

             EMwD        EM MDD HC P value 

Demographic and Clinical data           

Num(F/M) 22(18/4) 22(18/4) 20(16/4) 18(14/4) 0.987
a
 

Age(years) 30.8(6.8) 32(7.7) 35.5(11.1) 31.3(8.8) 0.359
b
 

EduYears 12.4(4.6) 14.1(3.5) 11.6(4.9) 14.3(4.2) 0.13
b
 

TIV (cm3) 1369.1(127.3) 1418.4(115) 1442.4(137.7) 1421.1(118.6) 0.275
b
 

Duration of illness(years) 8.2(5.5) 8.8(5.1) 4.9(7.2) / 0.086
b
 

VAS 6.2(1.2) 6.3(1.5) / / 0.821
c
 

MIDAS 23.5(20.1) 16.6(11.4) / / 0.43
c
 

HIT-6 60.7(4.8) 59.5(5.4) / / 0.171
c
 

17-HAMD 17.3(3.9) 3.8(4) 27.2(3.9) 1.7(2) <0.001
b
 

14-HAMA 9.99(5) 3.8(1.9) 24.5(6.4) 2.3(2.5) <0.001
b
 

Antidepressant Medication 

 (Number Of Patients) 
     

SSRIs 
  

13 
  

SNRIs 
  

5 
  

NaSSA     5     

The data are shown as the mean (SD). 
a
The P-value was obtained by Pearson Chi-square test. 

b
The P-value 



was separate one-way ANCOVA tests.
 c
The P-values were obtained by two-sample t-tests. TIV, total 

intracranial volume; VAS visual analogue scale; HIT-6 Headache Impact Test; MIDAS Migraine Disability 

Assessment questionnaire ; HAMD, Hamilton Rating Scale for Depression; HAMA, Hamilton Rating Scale for 

Anxiety; SSRIs = selective serotonin reuptake inhibitors; SNRIs = serotonin–norepinephrine reuptake 

inhibitors; SARIs = serotonin antagonist and reuptake inhibitors; NaSSA = norepinephrine and specific 

serotonergic antidepressants. 

Table 2 volumes of patients and healthy controls 

Volumes (cm3 ) EMwD(n = 22) EM(n = 22) MDD(n = 20) HC(n = 18) 

L-amygdala 1.28±.0.1 1.22±0.2 1.17±0.16 1.11±0.16 

R-amygdala 1.34±0.1 1.29±0.21 1.24±0.17 1.17±0.17 

Gray matter 634.05±53.33 657.09±52.5 655.1±49.66 661.87±57 

White matter 527.08±58.55 542.4±52.82 552.83±70.61 540.06±50.54 

TIV 1369.09±127.29 1418.39±115.04 1442.43±136.68 1421.08±118.63 

Data are presented as mean±SD; L Left, R Right 

EMwD episodic migraine with depression; EM episodic migraine; MDD patients with major depressive 

disorder; HC healthy controls. TIV total intracranial volume. 

 

Table 3 The comparison of amygdala volume among groups using one-way ANOVA 

  Mean difference (95% CI)* Std. Error. Sig.
a
 

EMwD vs.EM（left/right） 0.05914/0.06182 0.04709/0.04935 0.213/0.214 

EMwD vs. MDD（left/right） 0.10501/0.10483 0.04825/0.05057 0.033/0.041 

EMwD vs. HC（left/right） 0.17174/0.17812 0.04964/0.05202 0.001/0.001 

EM vs. MDD（left/right） 0.04587/0.04301 0.04825/0.05057 0.345/0.398 

EM vs. HC（left/right） 0.11261/0.1163 0.04964/0.05202 0.026/0.028 

MDD vs. HC（left/right） 0.04587/0.07329 0.05074/0.05318 0.192/0.172 

* The mean difference is significant at the 0.05 level 

a
 Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments) 

 

Table 4 Abnormal functional connectivity of bilateral centromedial amygdala in patients 

compared with healthy controls 

Group seed Region(AAL)  Region(BA) MNI Voxel Size Peak t 

        x   y   z     

EMwDvsEM L_CMA Pallidum_L 48 -24 -9 -6 36 -4.47 
 

R_CMA 

     

EMwDvsEM 

 

L cerebelum_8  - -15 -66 -48 47 -4.08 
  

L middle frontal 9，46  -27 36  36 123 -5.04 
  

L precuneus 7 -12 -78  51 66 -4.45 

EMvsHC 

 

Pallidum_R 20 27  -9  -6 29 5.63 
  

Frontal_Mid_R 45，46 30  45  33 107 4.4 
  

Frontal_Mid_L  9，46 -27 39  33 122 4.84 



    Cingulum_Mid_R  24，32 9  12  33 82 4.71 

voxel level set at p < 0.001, cluster level set at p <0.05 (GRF correction) ;BA Brodmann Area 

MNI Montreal Neurological Institute, L left, R right 

 

Figure legend  

Fig.1 (a) the mask of the bilateral AMY; (b) the mask of the left and right CMA 

Fig. 2 AMY volume of the four groups. 

Fig. 3 The duration of illness in patients groups was positively correlated with both the left 

and right amygdala. 

Fig. 4 Altered effective connectivities between the CMA and whole brain regions in EMwD 

compared with EM. (a) a decreased rsFC between the left CMA and the left pallidum; (b),(c),(d) 

for the right CMA, decreased rsFC in the left cerebelum_8, the left middle frontal gyrus, the 

left precuneus gyrus. 

Fig. 5 Compared EM with HC, increased rsFC between the right CMA and the right pallidum, 

the left and right middle frontal gyrus, the right cingulum gyrus. 

Fig. 6 The relationship between right CMA-left DLPFC FC and HAMD,HAMA score. A 

significant negative correlation (r =-0.654/−0.386, p<0.001/P=0.01) was observed in EMwD 

and EM patients between the value of rsFC and HAMD/HAMA score. 

 



Figures

Figure 1

(a) the mask of the bilateral AMY; (b) the mask of the left and right CMA



Figure 2

AMY volume of the four groups.

Figure 3



The duration of illness in patients groups was positively correlated with both the left and right amygdala.

Figure 4

Altered effective connectivities between the CMA and whole brain regions in EMwD compared with EM.
(a) a decreased rsFC between the left CMA and the left pallidum; (b),(c),(d) for the right CMA, decreased
rsFC in the left cerebelum_8, the left middle frontal gyrus, the left precuneus gyrus.



Figure 5

Compared EM with HC, increased rsFC between the right CMA and the right pallidum, the left and right
middle frontal gyrus, the right cingulum gyrus.

Figure 6

The relationship between right CMA-left DLPFC FC and HAMD,HAMA score. A signi�cant negative
correlation (r =-0.654/−0.386, p<0.001/P=0.01) was observed in EMwD and EM patients between the



value of rsFC and HAMD/HAMA score


