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A B S T R A C T   

Migraine without aura (MWoA) is a major neurological disorder with unsatisfactory adherence to current 
medications. Acupuncture has emerged as a promising method for treating MWoA. However, the brain mech
anism underlying acupuncture is yet unclear. The present study aimed to examine the effects of acupuncture in 
regulating brain connectivity of the key regions in pain modulation. In this study, MWoA patients were recruited 
and randomly assigned to 4 weeks of real or sham acupuncture. Resting-state functional magnetic resonance 
imaging (fMRI) data were collected before and after the treatment. A modern neuroimaging literature meta- 
analysis of 515 fMRI studies was conducted to identify pain modulation-related key regions as regions of interest 
(ROIs). Seed-to-voxel resting state-functional connectivity (rsFC) method and repeated-measures two-way 
analysis of variance were conducted to determine the interaction effects between the two groups and time 
(baseline and post-treatment). The changes in rsFC were evaluated between baseline and post-treatment in real 
and sham acupuncture groups, respectively. Clinical data at baseline and post-treatment were also recorded in 
order to determine between-group differences in clinical outcomes as well as correlations between rsFC changes 
and clinical effects. 40 subjects were involved in the final analysis. The current study demonstrated significant 
improvement in real acupuncture vs sham acupuncture on headache severity (monthly migraine days), headache 
impact (6-item Headache Impact Test), and health-related quality of life (Migraine-Specific Quality of Life 
Questionnaire). Five pain modulation-related key regions, including the right amygdala (AMYG), left insula 
(INS), left medial orbital superior frontal gyrus (PFCventmed), left middle occipital gyrus (MOG), and right 
middle cingulate cortex (MCC), were selected based on the meta-analysis on brain imaging studies. This study 
found that 1) after acupuncture treatment, migraine patients of the real acupuncture group showed significantly 
enhanced connectivity in the right AMYG/MCC-left MTG and the right MCC-right superior temporal gyrus (STG) 
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compared to that of the sham acupuncture group; 2) negative correlations were established between clinical 
effects and increased rsFC in the right AMYG/MCC-left MTG; 3) baseline right AMYG-left MTG rsFC predicts 
monthly migraine days reduction after treatment. The current results suggested that acupuncture may concur
rently regulate the rsFC of two pain modulation regions in the AMYG and MCC. MTG and STG may be the key 
nodes linked to multisensory processing of pain modulation in migraine with acupuncture treatment. These 
findings highlighted the potential of acupuncture for migraine management and the mechanisms underlying the 
modulation effects.   

1. Introduction 

Migraine without aura (MWoA) is a serious neurological disorder 
characterized by recurrent headaches and various autonomic nervous 
system dysfunctions, including nausea, photophobia, and phonophobia 
(2018c; Ashina et al., 2021b). This chronic and often lifelong disease 
affects about 1.33 billion people worldwide across diverse cultures and 
socioeconomic statuses (2018b). A 1-year global prevalence is estimated 
at 15 %: highest in southeast Asia (25–35 %) and lowest in China (9 %) 
(2018a). It is the second most disabling neurological disease in the 
global burden of nervous system diseases survey (2019). Hitherto, 
migraine is known as more than simply a headache, and we must 
consider that patients experience various accompanying symptoms in 
response to multisensory inputs. Clinically, it has been hypothesized 
that MWoA patients with sensory-related perceptive disorders have a 
reduced sensitivity threshold to visual, auditory, and pain stimuli and a 
low pre-activation level of the sensory cortex. Previous functional 
magnetic resonance imaging (fMRI) studies have shown that aberrant 
connectivity within pain and other sensory networks contributed to the 
progression of migraine during or between episodes (Lee et al., 2019; 
Ruscheweyh et al., 2019). 

Adherence to the current medication for MWoA is often unsatisfac
tory. Due to poor tolerance to medication, some patients suffer un
pleasant side effects and lack efficacy (Hepp et al., 2015). Furthermore, 
frequent use of medications is associated with the risk of medication 
overuse-induced headache (Ashina et al., 2021a). Confronted with 
migraine, patients with an inter-individual difference in drug response 
or those who are unwilling to accept possible drug-induced adverse 
events need an effective alternative therapy with fewer side effects is an 
urgent requisite. 

Accumulating evidence has endorsed the potential of acupuncture 
treatment for MWoA (Li et al., 2012; Wang et al., 2011; Xu et al., 2020; 
Zhao et al., 2017). A meta-analysis from The Cochrane Collaboration 
reported that acupuncture might have an effect similar to preventive 
medications (Linde et al., 2016). Based on these findings, the latest 
consensus statement from the European Headache Federation and the 
European Academy of Neurology has recommended acupuncture as a 
stand-alone preventive treatment when medication is contraindicated 
(Eigenbrodt et al., 2021). Nonetheless, the neural mechanism underly
ing the acupuncture treatment for MWoA is unclear, which has hindered 
the development and incorporation of this promising treatment into 
mainstream medicine. 

Advances in neuroimaging techniques have provided new insights 
into migraine pathophysiology and finding imaging markers of migraine 
mechanisms. Resting-state fMRI (rs-fMRI) has been commonly applied 
to investigate the functional organization of specific brain regions and 
networks responsible for pain-related processing (Schwedt et al., 
2015b). A systematic review of resting-state functional connectivity 
(rsFC) studies in migraine (Skorobogatykh et al., 2019) has summarized 
that aberrant FC was found within or with a number of key regions or 
different networks: amygdala, insula, orbitofrontal and prefrontal cor
tex, occipital lobe, cingulate cortex, thalamus, hypothalamus, peri
aqueductal gray network, central executive network, salience network, 
default mode network, visual network, fronto-parietal network, and 
dorsal attention network. All the key regions with abnormal connec
tivity to those mentioned above can be categorized as pain-related 

processes, including sensory-discriminative, affective emotional, 
cognitive, and pain modulation. 

Functional neuroimaging studies supported the central modulating 
effects of acupuncture in normalizing altered FC within subcortical brain 
regions and networks as well. After long-term acupuncture, migraine 
patients showed increased FC mostly in or within the amygdala, insula, 
thalamus, precuneus, cingulate gyrus, fronto-parietal network, and 
default mode network, which mostly correlated with the altered areas 
above and were involved in the processing of nociceptive information 
and emotion (Chang et al., 2021; Tian et al., 2021). Additionally, a few 
researchers recently reported decreased FC in other areas including the 
amygdala, insula, thalamus, superior frontal gyrus, and postcentral 
gyrus (Tian et al., 2021; Wei et al., 2022). The mechanism of acupunc
ture efficacy for migraine may be related to the regulation of pain- 
related brain network, however, the specific way of acupuncture mod
ulation under the heterogeneity of fMRI results remains for further 
discussion (Liu et al., 2021). 

The meta-analysis database of Neurosynth is an open-source platform 
for large-scale, automated synthesis of fMRI data extracted from pub
lished articles (1334 terms in 14,371 studies, as of March 2022) (Yarkoni 
et al., 2011). Neurosynth is a brain mapping framework that in
corporates text-mining, meta-analysis, and machine-learning techniques 
to generate a large database of mappings. This approach can be used to 
automatically conduct large-scale, high-quality neuroimaging meta-an
alyses that address long-standing inferential problems in the neuro
imaging literature. Previous methods have relied heavily on manual 
efforts or specific domains, which might have limited the scope and 
efficiency of the resulting analyses (Yarkoni et al., 2011). In the seed- 
based FC studies, the regions of interest (ROIs) are usually derived 
from previous functional studies and require prior knowledge of seeds 
(Cole et al., 2010). Contrary to the previous hypothesis-driven ROI se
lection approach, we first applied Neurosynth meta-analysis to identify 
pain modulation-related key regions. 

This study conducted a meta-analysis to identify the pain 
modulation-related key regions as ROIs. Then, a seed-to-voxel rsFC 
analysis was made on MWoA patients to identify the potential brain 
regions functionally correlated with these pain modulation-related key 
regions in order to investigate the modulation mechanisms underlying 
acupuncture treatment. 

2. Methods 

The study was approved by the Ethics Committees of Beijing Hospital 
of Traditional Chinese Medicine, Capital Medical University in Beijing, 
China (No. 2016BL-081-02). All patients were required to provide 
written informed consent before participation in this study that was 
conducted following the principles of the Declaration of Helsinki 
(2013b). 

2.1. Participants 

The study was conducted in the outpatient departments of Beijing 
Hospital of Traditional Chinese Medicine, Capital Medical University. 
The patients were recruited via a multimodal strategy, including hos
pital social media (WeChat), website, newspaper, patient databases, and 
community service center posters. A neurologist assessed the eligibility 
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of all potential patients following pre-defined inclusion/exclusion 
criteria and explained to them the study design. Finally, patients with 
MWoA (n = 64) were enrolled in this study. 

The inclusion criteria were as follows: (1) age18–65 years; (2) 
meeting the diagnostic criteria according to the International Classifi
cation of Headache Disorders, 3rd edition β version (2013a) (versions III 
beta) for MWoA; (3) having at least two migraine attacks in the last 4 
weeks; (4) a history of migraine for at least 1 year; (5) not received 
prophylactic treatments using acupuncture or pharmacological medi
cine in the past 3 months; (6) were able to complete the headache diary; 
(7) provided written informed consent. 

The exclusion criteria were as follows: (1) tension-type headache, 
cluster headache, or other primary headaches; (2) secondary headache 
caused by otorhinolaryngology diseases or intracranial pathological 
changes; (3) medication overuse headache; (4) severe systemic diseases 
(such as angiocardiopathy, cerebrovascular disease, hepatopathy, ne
phropathy, acute infectious disease, hematopathy, endocrinopathy, al
lergy, or methysis); (5) pregnancy, lactation, or insufficient 
contraception; (6) psychiatric or neurological disorders (for example, 
major depressive disorder (MDD), schizophrenia, bipolar disorder, 
traumatic brain injury, stroke, Parkinson’s disease); (7) MRI contrain
dications (claustrophobia, cardiac pacemaker, or other metallic agents 
embedded within the body); (8) use of opioids analgesics. 

2.2. Experimental procedures 

Patients were randomized into two groups using a permuted block 
randomization (block length was 4): real acupuncture or sham 
acupuncture. Patients received treatment in specific acupuncture rooms 
with compartments to avoid communication between the two groups. 
Hence, the participants were blinded to their group allocation. The 
acupuncturist was not blinded to treatment allocation due to different 
interventions; however, the acupuncturist was not allowed to discuss the 
type of intervention. Furthermore, outcome assessors, the fMRI scanner, 

and statisticians were blinded to group allocation throughout the trial. 
The study design is illustrated in Fig. 1a. 

An independent assistant separated and opened each opaque and 
sealed envelope in the sequence corresponding to the screening order 
and assigned the eligible patients. The treatment allocation results were 
forwarded to the acupuncturist by this assistant. 

2.3. Acupuncture treatment 

To ensure treatment consistency, one acupuncturist attended special 
training on the procedure of this study before recruitment and then 
delivered the standard treatment. This acupuncturist was licensed as a 
practicing physician, registered with the Ministry of Health of the Peo
ple’s Republic of China, and had clinical experience for >20 years. All 
patients underwent twelve sessions of acupuncture in 4 weeks, with 
three sessions/week. In both the real and sham acupuncture groups, the 
acupuncture treatment began after randomization. The details of 
acupuncture (location of real acupoints/sham acupoints and depth of 
insertion) are shown in Table S1. 

Patients in the real acupuncture treatment group received manual 
acupuncture at eight obligatory real acupoints, including bilateral 
Fengchi (GB20), Fengfu (GV16), Baihui (GV20), bilateral Taiyang (EX- 
HN5), and bilateral Hegu (LI4) (Fig. 1b, Table S1) with disposable 
single-use sterile needles (0.25×25 mm, Huatuo Medical Instrument 
Co., ltd, Suzhou, China). The standardized acupuncture protocol had 
been proven effective based on a consensus meeting with clinical experts 
and our previous clinical trial (Wang et al., 2011). The positions of the 
acupoints were according to the standards issued by the World Health 
Organization (WHO) in 2010 (Region, 2010). After skin disinfection 
using alcohol, needles were inserted into the acupoints at 10–15 mm 
depth. The acupuncturist twisted the needles bi-directionally by 
90◦–180◦, lifting and thrusting needles with an amplitude of 3–5 mm to 
induce de-qi sensation (including soreness, numbness, distention, and 
heaviness). After the de-qi sensation was attained, the needles were 

Fig. 1. Study overview. (a) The procedure for the study including subject recruitment and screening, pre-treatment (resting-state fMRI scans, clinical assessments), 
real or sham acupuncture treatment 4 weeks and post-treatment (resting-state fMRI scans, clinical assessments). (b) The location of real acupoints and sham acu
points. Real acupoints (bilateral EX-HN 5, bilateral GB 20, bilateral LI 4, GV 20 and GV 16). Sham acupoints (superficial skin penetration treatment over non- 
acupoints). Abbreviations: EX-HN 5, Taiyang (Extra point head and neck 5); GV 20, Baihui (Governor 20); GV 16, Fengfu (Governor 16); GB 20, Fengchi (Gall
bladder 20); LI 4, Hegu (Large intestine 4). 
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retained at the acupoints for 30 min. During the 30 min, the above 
procedures will be manipulated for 10 s every 10 min to maintain the de- 
qi sensation. 

Patients in the sham acupuncture control group received a superfi
cial skin penetration treatment at the eight sham acupoints. To minimize 
the physiological effects, these sham acupoints did not belong to any 
known meridian and were not conventional acupoints according to 
previous studies (Li et al., 2009; Li et al., 2012) (Fig. 1b, Table S1). 
Superficial skin penetration at sham acupoints without needle manipu
lation for de-qi sensation is a common sham acupuncture method used in 
previous randomized controlled trials (Zhao et al., 2017). Patients in this 
group underwent an acupuncture procedure similar to that in the real 
acupuncture treatment group. In addition, sterile steel needles of the 
same size and number for each treatment session were identical to those 
used in the real acupuncture treatment group. 

Patients were not allowed to take any prophylactic medications. In 
case of severe pain (visual analog score (VAS) >8), ibuprofen (300 mg 
capsules with sustained-release) was allowed as the only rescue medi
cation, and the usage was documented in the headache diary. All pa
tients were instructed not to take any other analgesics except for 
ibuprofen. 

2.4. Clinical outcomes and data analysis 

2.4.1. Headache severity: Monthly migraine days (MMDs) and VAS 
The headache severity outcome measures include (1) change in 

MMDs from baseline to week 4; (2) change in VAS from baseline to week 
4. Similar to a previous study of acupuncture intervention on migraine 
(Xu et al., 2020), we chose MMDs as the primary outcome. 

Independent research assistants supervised the patients to complete 
their headache diaries in paper and pencil format from baseline to week 
4 and evaluated the outcomes. In the headache diaries (Russell et al., 
1992), the participants recorded the details of their migraine attacks, 
including attack frequency, duration, and days, the characteristic and 
intensity of pain (VAS 0–10), locations, inducements of the headache, 
concomitant symptoms (nausea, vomiting, photophobia, and phono
phobia), aggravation by routine physical activity, precipitating factors, 
and acute medications (if any) taken for each migraine attack. 

2.4.2. Headache impact: Headache impact Test-6 (HIT-6) 
HIT-6 is a short, self-administered questionnaire developed as a 

global measure of adverse headache impact using widely measured, 
functionally relevant domains: pain, social and role limitations, cogni
tive functioning, vitality, and psychological distress (Dowson, 2001; 
Kosinski et al., 2003). The six questions are scored 6, 8, 10, 11, or 13 
points based on the five response categories that assess how often the 
headaches interfere with activities or cause distress (never, rarely, 
sometimes, very often, or always). The scores for all glossary-six items 
are summed to produce a total HIT-6 score (range: 36–78), interpreted 
as little or no impact (≤49), some impact (50–55), substantial impact 
(56–59), and severe impact (60–78) due to headache with higher scores 
indicating greater impact and decreased scores consistent with 
improvement. 

2.4.3. Health-related quality of life (HRQoL): migraine-specific quality of 
life questionnaire (MSQ) 

MSQ is a self-administered, migraine-specific, 14-item instrument 
assessment of the HRQoL across three domains that was developed to 
assess the effect of migraine on daily functions (Jhingran et al., 1998a; 
Jhingran et al., 1998b). The role restrictive (MSQ-RR) domain measures 
the effect of migraine on daily social and work-related activities, the role 
preventive (MSQ-RP) domain assesses whether migraine prevents the 
individual from performing these activities, and the emotional func
tioning (MSQ-EF) domain measures the emotions associated with 
migraine. Items are rated on a six-point scale (none of the time, a little 
bit of the time, some of the time, a good bit of the time, most of the time, 

and all of the time). The raw domain scores are summed and trans
formed to a 100-point scale, with higher scores indicating a better QoL 
and improvement. 

2.4.4. Psychological profile: Beck depression Scale-II (BDI-II) and Beck 
anxiety scale (BAI) 

BDI-II is a self-reported questionnaire to evaluate the severity of 
depression (Beck et al., 1996a; Beck et al., 1996b; Steer et al., 1999). It 
consists of 21 symptoms related to MDD diagnostic criteria in the fourth 
edition of the Diagnostic and Statistical Manual of Mental Disorders 
(DSM-IV) (Frances et al., 1995). Each symptom is graded on a four-point 
Likert scale (0–3), and the total score range was 0–63. Higher scores 
indicated higher levels of depression. 

BAI was published in the USA by A. T. Beck in 1988 and is an anxiety 
measure that has been carefully designed to avoid confusion with 
depression (Beck et al., 1988). BAI consists of 21 self-reported items 
highlighting somatic, affective, and cognitive signs of anxiety symp
toms. Each item has four possible answers with scores from 0 to 3: 0 =
Not at all; 1 = Mild, but it did not bother me much; 2 = Moderate, it was 
not pleasant at times; 3 = Severe, it bothered me a lot. The total score 
was 63 points. 

2.4.5. Sleep quality: Pittsburgh sleep quality Index (PSQI) 
PSQI is a self-rated questionnaire that organically combines the 

quality and quantity of sleep to evaluate the sleep status of the subjects 
in the last month. PSQI scale is often used to evaluate the impact of 
migraine on sleep quality (Stanyer et al., 2021). A total of 19 items 
generated seven measures, including subjective sleep quality, sleep la
tency, sleep duration, habitual sleep efficiency, sleep disturbances, use 
of sleeping medication, and daytime dysfunction (Buysse et al., 1989). 
Each indicator is scored on a scale of 0–3. The sum of the scores of these 
seven components produces a PSQI total score. The global PSQI score 
ranges from 0 to 21, with high scores indicating poor sleep quality. PSQI 
score >5 differentiates between good and poor sleepers with 89.6 % 
sensitivity and 86.5 % specificity (Singh et al., 2020). 

2.4.6. Cognitive function: Montreal cognitive assessment (MoCA) 
MoCA is an assessment tool for rapid screening of cognitive 

dysfunction. Herein, 11 items were examined in eight cognitive areas: 
attention and concentration, executive function, memory, language, 
visual structure skills, abstract thinking, computation, and orientation. 
The total score was 30: ≥ 26 is considered normal. The higher the score, 
the better the cognitive level (Nasreddine et al., 2005). Recent studies 
have shown that some migraineurs suffer from cognitive deficits. 
Although it cannot be used as a diagnostic tool, MCoA screens the 
cognitive status of migraineurs (Santangelo et al., 2016) with high 
sensitivity and short test time, making it suitable for clinical applica
tion. Nonetheless, it is affected by various factors, including education 
level, cultural background, examination environment, and emotional 
and mental state of the subjects, rendering it rather sensitive to the 
screening of mild cognitive impairment (Nasreddine et al., 2005; 
O’Driscoll and Shaikh, 2017). 

The above clinical outcome measures were repeatedly assessed at 
baseline and week 4 by an independent research assistant blinded to 
group allocation to ensure consistency. The same research assistant 
would perform the neuropsychological tests before and after treatment 
in a quiet room for all participants who met the inclusion criteria. 

2.4.7. Clinical data analysis 
All analyses were performed using Statistical Package for Social 

Science (SPSS) for Windows (V.25) (International Business Machines 
IBM, Chicago, IL, USA) by statisticians blinded to the entire allocation 
and intervention process. The histograms and normal probability plots 
were analyzed, and a Shapiro-Wilk test was conducted to determine 
whether the data followed a normal distribution. The means, standard 
deviations (SDs), and 95 % confidence intervals (CIs) were calculated. 
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Two-tailed analyses were conducted, with the level of statistical signif
icance defined as p-value < 0.05. 

The continuous variables were presented as the mean with SD or 
median and interquartile range, and the categorical variables were 
presented as numbers and percentages. For the demographic and clinical 
information at baseline, the chi-square test or Fisher’s exact test was 
used to compare the dichotomous data. The independent two-sample t- 
test was used for normally distributed continuous data and the Wilcoxon 
rank-sum test for non-normally distributed data. The pre- and post- 
treatment change score between groups was compared using an inde
pendent two-sample t-test. 

2.5. Identifying pain modulation-related brain regions from meta-analysis 

Neurosynth database (https://neurosynth.org/) is a platform for 
large-scale, automated synthesis of fMRI data. This approach automat
ically extracts the activation coordinates to conduct a comprehensive 
automated meta-analysis for several hundred terms of interest. A high- 
frequency term within the article text is identified for each term, and 
all the associated activation foci were submitted to a meta-analysis 
(Yarkoni et al., 2011). To delineate the brain regions corresponding to 
pain modulation-related brain regions on the cerebrum, we first used 
Neurosynth for meta-analysis using the search term “pain.” This meta- 
analysis extracted 515 fMRI studies from December 1998 to February 
2018 (Table S2). Neurosynth provides two types of statistical inference 
maps: uniformity and association tests. While uniformity test maps 
provide information about the consistency of activation for a specific 
process, the association test maps provide information about the relative 
selectivity that activates the regions in a specific process. Since the 
present study aimed to investigate pain modulation-related neuro
imaging change in acupuncture on the cerebrum rather than providing 
information on a specific given process, we chose the “uniformity test” 
map (Fig. S1). A false-discovery rate (FDR) adjusted p-value of 0.01 was 
applied to produce the uniformity test map. Next, five pain modulation- 
related ROI coordinates with peak z-scores were selected within all 
clusters >95 voxels by xjView toolbox V.8 (https://www.alivelearn.ne 
t/xjview/). Then, MarsBaR toolbox (https://sourceforge.net/projects 
/marsbar/) was utilized to generate five spherical ROIs with a 6-mm 
radius and a mask of all ROIs for subsequent analysis (Fig. S2). 
Finally, these brain ROIs were refined by taking the overlap of the masks 
and the original uniformity test map, including the right amygdala 
(AMYG) for ROI-1, left insula (INS) for ROI-2, left medial orbital supe
rior frontal gyrus (PFCventmed) for ROI-3, left middle occipital gyrus 
(MOG) for ROI-4, and right middle cingulate cortex (MCC) for ROI-5. 

2.6. fMRI data acquisition 

The MRI scans were conducted before and after 4 weeks of real or 
sham acupuncture intervention. The rs-MRI data were obtained with a 
3.0 Tesla superconductor (Siemens Magnetom Verio, Erlangen, Ger
many) at Dong Zhimen Hospital Beijing University of Chinese Medicine. 
All subjects underwent MRI scanning during the headache-free interval 
(not within 48 h after the last migraine attack). 

The whole-brain functional images were recorded using a T2*- 
weighted gradient echo echo-planar imaging sequence blood oxygena
tion level-dependent (BOLD) pulse sequence (time repetition (TR)/time 
echo (TE) = 2420/30 ms, slice thickness = 3.0 mm, slice number = 44, 
volume number: 300, voxel size = 3.0×3.0×3.0 mm3, field of view 
(FOV) = 192×192 mm2, flip angle (FA) = 90◦, matrix size = 64×64) to 
obtain fMRI data. 

High-resolution whole-brain structural images were recorded using a 
T1-weighted isotropic multi-echo magnetization-prepared rapid acqui
sition gradient-echo (MPRAGE) pulse sequence (TR/TE = 2000/3.51 
ms, slice thickness = 1.00 mm, slice number = 192, voxel size: 1×1×1 
mm3, FOV = 256×256 mm2, FA = 8◦, matrix size = 256×256) for 
anatomic localization of significant signal changes. 

The subjects were required to lie in a supine position during the 
scanning. To avoid head motions from disturbing the image, a headrest 
was utilized to hold the head, and a 16-channel radio-frequency head 
coil was fixed on both sides of the headrest. All participants were 
instructed to stay awake, relax, keep their eyes open, blink normally 
when staring at centrally positioned fixation cross (+), and not think 
about anything particular during the whole scan with their ears plugged 
to attenuate the gradient noise. A radiologist reviewed all scans quali
tatively to check for probable brain lesions or structural abnormalities. 

2.7. Image preprocessing 

We employed the ROIs obtained in the meta-analysis to perform a 
seed-to-voxel FC analysis using rs-fMRI data from migraineurs (Fig. 2). 
The fMRI images were first preprocessed using CONN V.20b (https: 
//www.nitrc.org/projects/conn) in MATLAB (R2016b V.9.1; Math
works, Nantick, MA, USA). During the preprocessing part, the image 
underwent Conn’s default preprocessing pipeline steps as follows, 
realignment and unwrap, slice-timing correction, Artifact Repair 
Toolbox (ART)-based (https://www.nitrc.org/projects/artifact_detect/) 
outlier detection (>3 SD and >0.5 mm) for scrubbing regression, direct 
segmentation for gray and white matter and cerebrospinal fluid (CSF) 
and normalization to the T1-weighted MNI152 template, functional 
smoothing with 6×6×6 mm3 full-width at half-maximum (FWHM) 
Gaussian kernel, and a band-pass filter of 0.01–0.1 Hz during the BOLD 
response. Then, voxel-wise brain rsFC analysis was performed with the 
residual fMRI signal of the involved participants. 

2.8. FC calculation and analysis 

Data Processing and Analysis for Brain Imaging (DPABI) V.5.2 (http 
s://rfmri.org/dpabi) was used for the whole-brain FC calculation. First, 
we extracted a mean BOLD signal within the seeds as described above 
(right AMYG, left INS, left PFCventmed, left MOG, right MCC, and a 
mask of all ROIs) and calculated the Pearson’s correlation coefficients 
with the rest of the whole brain for each subject. Fisher-Z-transformation 
was applied to all correlation values to improve the normality. The FC 
maps from each subject were then utilized for group-level analysis. To 
explore the interaction effects between groups (real and sham 
acupuncture) and times (pre- and post-treatment), we conducted a 
repeated-measures two-way analysis of variance (ANOVA) using the 
Statistical Parametric Mapping (SPM) 12 (http://www.fil.ion.ucl.ac. 
uk/spm/), with age, sex, and educational years as covariates; the sur
viving brain clusters were chosen as ROIs for the post-hoc analysis: A 
two-tailed two-sample t-test was applied on these interaction effect ROIs 
to determine the difference between groups at baseline and post- 
treatment, with respect to age, sex and educational years as covariates. 

A paired t-test was applied to explore the FC change before and after 
treatment in both groups with respect to age, sex, and educational years 
as covariates. For multiple comparisons, the results were further cor
rected with Gaussian random field (GRF) approach (voxel-level P <
0.001, cluster-level P < 0.05) in the DPABI toolbox, and cluster >10 
voxels were reported. 

2.9. Correlations analysis 

The correlations between the rsFC z-score change and clinical fea
tures (including monthly migraine days, VAS, MSQ, HIT-6, BDI-II, BAI, 
PSQI, and MoCA) were evaluated by statistical analyses using SPSS 
(V.25). Shapiro–Wilks test was used to check the normality of the data. 
The average z-score values of the significantly altered rsFC seeds pre- 
and post-acupuncture intervention were extracted. Next, Pearson’s 
correlation analysis determined the associations between the rsFC 
change and clinical features. Bonferroni corrections were used for 
multiple comparisons. Both uncorrected P value and Bonferroni- 
corrected P value were reported. In order to predict the effects on the 
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Fig. 2. Flow chart of resting-state fMRI data processing and analysis. Step 1: Extract “uniformity test map” of pian from Neurosynth and identify ROI coordinates 
with Xjview V. 8.0. Step 2: resting state fMRI data preprocessing of migraine without aura patients with Conn V. 20b. Step 3: Extract a mean BOLD signal within the 
ROIs and calculated Pearson’s correlation coefficients with the rest of the whole brain for each subject with DPABI V. 5.2. Step 4: Conduct a two-way ANOVA analysis 
on the Fisher transformed maps to investigate the differences in rsFC between the real and sham acupuncture group with SPM V. 12. Step 5: Compute the correlation 
between the rsFC z-score changes and clinical characteristics with SPSS V. 25. Abbreviations: ROI, region of interest; BOLD, Blood oxygenation level dependent; 
fMRI, functional magnetic resonance imaging; rsFC,resting state functional connectivity. 

Fig. 3. Procedures and data used for the study.  
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clinical outcomes of acupuncture, a hierarchical multiple regression 
analysis was applied to test the association between the average z-score 
values of the surviving brain clusters’ rsFC at baseline and the altered 
MMDs, with age, sex, and educational years as covariates. The signifi
cance threshold was set at P < 0.05. 

3. Results 

3.1. Participants and baseline demographics 

A total of 64 patients with MWoA were included in this study. Of 
these, 12 dropped out of the study before the baseline MRI sessions 
(lacked interest in participation n = 6, worried about MRI scans n = 4, 
had time constraints n = 2), and 10 dropped out before the first 
acupuncture treatment (feared acupuncture n = 5, had time constraint n 
= 2, lacked interest in participation n = 2, changed the phone number n 
= 1). Then, 42 subjects were treated with real or sham acupuncture for 4 
weeks (Table S3). Two patients did not complete their treatment (real 
acupuncture group: lack of adherence n = 1; sham acupuncture group: 
not satisfied with treatment n = 1). Finally, 40 subjects were involved in 
the final analysis (Fig. 3). 

Baseline demographics did not differ significantly between the real 
and sham acupuncture groups (all P > 0.05) (Table 1). At baseline, the 
mean age of the patients was 37 years, and the mean duration of 
migraine diagnosis was 15 years. The majority of patients (90 %) were 
females. Amongst 4 participants in the real acupuncture group belong to 
chronic migraine, 6 participants in the sham acupuncture group belong 
to chronic migraine. Non-steroidal anti-inflammatory drugs (NSAIDs) 
were the most commonly used drug, neither combination analgesics, 
opioids nor antiemetics were found to be taken in either group. 

3.2. Clinical outcomes results 

3.2.1. Headache severity: MMDs 
The treatment groups’ baseline MMDs were similar (real acupunc

ture 4.78 ± 2.45 vs sham acupuncture 5.17 ± 2.77; P = 0.64). The 
decrease MMDs from baseline was significantly larger in the real 
acupuncture group than in the sham acupuncture group over the 
treatment phase, with a between-group difference of 1.63 (95 % confi
dence interval (CI): 0.01–3.24; P = 0.0485) days during the treatment 
phase (Table 2). 

3.2.2. Headache impact: HIT-6 results 
At baseline, the mean HIT-6 score was comparable between the 

treatment groups (real acupuncture 70.80 ± 5.18) vs sham acupuncture 
68.50 ± 5.62; P = 0.19) (Table 2). All patients were seriously affected by 
the migraine attacks, with 100 % having a total HIT-6 score of 60 (severe 
headache impact). 

The changes in HIT-6 scores were significantly larger in the real 
acupuncture group than in the sham acupuncture group, with a 
between-group difference of 8.40 (95 % CI:4.47–12.33; p = 0.0001) 
scores during the treatment phase (Table 2). The between-group HIT-6 
minimally important difference (MID) (≥2.3 points) (Coeytaux et al., 
2006) was achieved after the acupuncture treatment. 

3.2.3. HRQoL: MSQ scores 
The treatment groups’ baseline mean MSQ domain scores were 

similar (RR: real acupuncture 53.71 ± 18.83 vs sham acupuncture 42.13 
± 21.06), P = 0.07; RP: real acupuncture 64.00 ± 17.37) vs sham 
acupuncture 54.70 ± 25.28), P = 0.18; EF: real acupuncture 64.00 ±
27.05) vs sham acupuncture 41.29 ± 26.44), P = 0.23), and all domains’ 
mean scores were ≤ 64 points (Table 2), suggesting poor HRQoL. 

At the end of the treatment phase, significant between-group dif
ferences were detected in MSQ-RR and MSQ-RP domains (RR: P =
0.0470; RP: P = 0.0280) in favor of real acupuncture, reflecting 
improved HRQoL (Table 2). The between-group difference was greater 

than the between-group MID in the RP domain (RP = 15.20; RP MID =
4.6) and RR domain (RR = 12.99; MID = 3.2) after the treatment phase 
(Cole et al., 2009). 

However, no significant difference was observed in the mean VAS, 
BDI-II, BAI, PSQI, and MoCA between the real and sham acupuncture at 
week 4. 

Table 2. 

3.3. Rois identified from the meta-analysis 

Five clusters with five coordinates were determined from the uni
formity test map of Neurosynth database. To facilitate the following FC 

Table 1 
Demographics and baseline characteristics of migraine without aura patients.  

Characteristics Real 
Acupuncture 
group 
n = 20 

Sham 
Acupuncture 
group 
n = 20 

Total 
n = 40 

P 
valuea 

Age – year     
Mean (SD)b 38.60 (12.27) 36.10 (9.61) 37.35 (10.95)  0.5435 
Median (IQR) 36.00 

(31.00–45.00) 
33.00 
(30.00–38.25) 

33.00 
(31.00–42.00)  

Range 18.00–60.00 27.00–59.00 18.00–60.00   

Sex – no. (%)     
Femalec 17 (85.00) 19 (95.00) 36 (90.00)  0.6050 
Malec 3 (15.00) 1 (5.00) 4 (10.00)   

Education-year     
Mean (SD)b 15.65 (2.50) 15.15 (3.05) 15.40 (2.76)  0.5738  

Marriage – no. 
(%)     

Married/singlec 3 (15.00)/17 
(85.00) 

6 (30.00)/14 
(70.00) 

9 (22.50)/31 
(77.50)  

0.4489 

Duration of 
migraine 
diagnosis at 
baseline – 
year, mean 
(SD) 

16.30 (10.79) 14.50 (7.04) 15.40 (9.04)  0.5357 

Chronic 
migrainec,d – 
no. (%) 

4 (20.00) 6 (30.00) 10 (25.00)  0.4652  

Use of acute pain 
medication – 
no (%)     
NSAIDsc 5 (25.00) 6 (30.00) 11 (27.50)  0.7233 

Combination 
analgesicsc 

0 0 0  

Opioidsc 0 0 0  
Ergotsc 1 (5.00) 1 (5.00) 2(15.00)  
Triptansc 0 1 (5.00) 1 (5.00)  
Antiemeticsc 0 0 0   

Days of acute 
medication use 
per month     

Median (IQR) 2.00 
(1.50–3.00) 

2.33 
(1.75–3.25) 

2.00 
(2.00–3.00)  

Range 1.00–3.00 1.00–4.00 1.00–4.00  

Abbreviations: SD standard deviation; IQR interquartile range; no. (%) number; 
NSAIDs Non-steroidal anti-inflammatory drugs. 

a All tests were two-sided. Statistical significance was set at P < 0.05. 
b Analyzed using independent samples t-test. 
c Analyzed using Chi-square test. 
d According to the International Classification of Headache Disorders (ver

sions III beta), chronic migraine meets the criteria that migraine days onset ≥ 8 
days/month for 3 months, fulfilling the diagnosis of migraine without aura. 
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Table 2 
Clinical outcomes of migraine without aura patients between real acupuncture 
and sham acupuncture groups.  

Outcome Measure Real 
Acupuncture 
group 
n = 20 

Sham Acupuncture group 
n = 20 

Between- 
group 
difference  

Value (95 
% CI) 

P valuea 

MMDs, mean (SD)b 

Baseline 4.78 (2.45) 5.17 
(2.77)   

Treatment, 1-4wk 1.23 (0.77) 3.25 
(2.52)   

Change from 
baseline in 
MMDs 

3.54 (2.27) 1.92 
(2.76) 

1.63 (0.01 
to 3.24)  

0.0485  

Mean VAS score, 
mean (SD)b     

Baseline 7.60 (1.50) 7.50 
(1.54)   

Treatment, 1-4wk 5.10 (2.10) 5.90 
(1.74)   

Change from 
baseline in VAS 

2.50 (2.35) 1.60 
(1.96) 

0.90 (-0.48 
to 2.28)  

0.1961  

HIT-6, mean (SD)b     

Baseline 70.80 (5.18) 68.50 
(5.62)   

Treatment, 1-4wk 59.45 (7.93) 65.55 
(6.48)   

Change from 
baseline in HIT-6 

11.35 (6.72) 2.95 
(5.49) 

8.40 (4.47 
to 12.33)  

0.0001  

MSQ, Role 
restrictive 
domain, mean 
(SD)b     

Baseline 53.71 (18.83) 42.13 
(21.06)   

Treatment, 1-4wk 76.90 (18.99) 51.50 
(25.57)   

Change from 
baseline in MSQ- 
RR domain 

–22.36 (20.37) − 9.37 
(19.63) 

− 12.99 
(-25.79 to 
− 0.18)  

0.0470  

MSQ, Role 
preventive 
domain, mean 
(SD)b     

Baseline 64.00 (17.37) 54.70 
(25.28)   

Treatment, 1-4wk 82.50 (20.99) 58.00 
(26.53)   

Change from 
baseline in MSQ- 
RP domain 

− 18.50 (9.94) − 13.63 
(22.07) 

− 15.20 
(-28.67 to 
− 1.73)  

0.0280  

MSQ, Emotional 
functioning 
domain, mean 
(SD)b     

Baseline 64.00 (27.05) 41.29 
(26.44)   

Treatment, 1-4wk 83.67 (15.21) 62.83 
(23.07)   

Change from 
baseline in MSQ- 
EF domain 

− 19.67 (24.42) − 9.17 
(26.77) 

− 10.50 
(− 26.90 to 
5.90)  

0.2029  

BDI-II, mean (SD)b     

Baseline 8.00 (4.57) 10.60 
(7.24)    

Table 2 (continued ) 

Outcome Measure Real 
Acupuncture 
group 
n = 20 

Sham Acupuncture group 
n = 20 

Between- 
group 
difference  

Value (95 
% CI) 

P valuea 

Treatment, 1-4wk 4.05 (4.54) 9.40 
(7.01)   

Change from 
baseline in BDI-II 

3.95 (4.91) 1.20 
(8.04) 

2.75 (-1.51 
to 7.02)  

0.1998  

BAI, mean (SD)b     

Baseline 11.25 (6.17) 12.90 
(12.13)   

Treatment, 1-4wk 5.95 (8.31) 8.25 
(8.33)   

Change from 
baseline in BAI 

3.95 (9.59) 5.85 
(10.09) 

0.65 (-3.84 
to 5.15)  

0.7715  

MoCA, mean (SD)b  

MoCA total score     
Baseline 26.58 (2.87) 26.74 

(2.60)   
Treatment, 1-4wk 27.71 (2.03) 27.16 

(2.39)   
Change from 

baseline in 
MoCA 

1.05 (1.27) 0.37 
(1.26) 

0.68 (-0.15 
to 1.51)  

0.1035  

MoCA, 
Visuospatial and 
executive 
function     

Baseline 4.26 (1.37) 3.89 
(1.37)   

Treatment, 1-4wk 4.68 (0.75) 3.84 
(1.34)   

Change from 
baseline in 
MoCA 

0.42 (0.77) − 0.05 
(0.52) 

0.47 (0.04 
to 0.91)  

0.0328  

MoCA, Name 
recognition     

Baseline 2.89 (0.46) 2.89 
(0.32)   

Treatment, 1-4wk 2.84 (0.50) 2.95 
(0.23)   

Change from 
baseline in 
MoCA 

− 0.05 (0.23) 0.05 
(0.23) 

− 0.11 
(-0.26 to 
0.05)  

0.1659  

MoCA, Attention     
Baseline 5.95 (0.23) 5.84 

(0.37)   
Treatment, 1-4wk 5.95 (0.23) 5.89 

(0.32)   
Change from 

baseline in 
MoCA 

0 (0.33) 0.06 
(0.52) 

− 0.05 
(-0.34 to 
0.24)  

0.7141  

MoCA, Language     
Baseline 2.37 (0.68) 2.63 

(0.60)   
Treatment, 1-4wk 2.79 (0.18) 2.63 

(0.60)   
Change from 

baseline in 
MoCA 

0.42 (0.51) 0 (0.67) 0.42 (0.31 
to 0.81)  

0.0351  

MoCA, Abstract     
Baseline 1.95 (0.23) 1.95 

(0.23)   

(continued on next page) 

L. Liu et al.                                                                                                                                                                                                                                       



NeuroImage: Clinical 36 (2022) 103168

9

computation, we created 6-mm radius spherical masks based on the 
peak coordinates involving right AMYG (peak MNI coordinates: 24, − 2, 
18), left INS (peak MNI coordinates: − 34, 18, 4), left PFCventmed, (peak 
MNI coordinates: − 2, 54, − 10), left MOG (peak MNI coordinates − 48, 
− 68, 4), and right MCC (peak MNI coordinates:2, 20, 32) and combined 
them to generate a mask of all ROIs (Fig. S2). After obtaining the overlap 
of the masks and the original uniformity test map, we refined the five 
ROIs and constructed a mask of all five ROIs for the seed-to-voxel con
nectivity analysis. 

3.4. FC results 

Two-way repeated measure ANOVA was conducted on rsFC with 
factors’ group (real and sham acupuncture) and time (pre- and post- 
treatment). After 4 weeks of treatment, when using AMYG as seed, no 
significant main effect was revealed, while a significant rsFC time-by- 
groups interaction effect was noted. The real acupuncture could in
crease the rsFC in the left middle temporal gyrus (MTG) (peak MNI 
coordinates: − 45, − 66, 15; cluster size: 18 voxels; cluster-corrected 
PGRF < 0.05) compared to the sham acupuncture group (Fig. 4, 
Table 3). To investigate this significant interaction, post-hoc t-test was 
performed between the two groups at baseline and after 4 weeks of 
treatment. No significant effect was observed at baseline, but a simple 
effect of post-treatment in the left MTG (peak MNI coordinates: − 48, 

− 63, 15; cluster size: 7 voxels; cluster-corrected PGRF < 0.05) suggested 
that the interaction effect was driven by the difference between groups 
after 4 weeks of treatment. 

When using MCC as seed, a significant main effect of treatment was 
noted in INS, bilateral precentral gyrus, bilateral middle cingulate cor
tex, left supplementary motor area, and right postcentral gyrus 
(Table S4). A significant rsFC time-by-groups interaction effect was 
observed in the right STG and left MTG. The real acupuncture increases 
the rsFC in the right STG (peak MNI coordinates: 66, − 15, − 9; cluster 
size: 12 voxels; cluster-corrected PGRF < 0.05) and left MTG (peak MNI 
coordinates: − 63, − 9, − 9; cluster size: 27 voxels; cluster-corrected PGRF 
< 0.05) compared to the sham acupuncture group (Fig. 4, Table 3). To 
investigate this significant interaction, post-hoc t-test was performed 
between the two groups at baseline and 4 weeks of treatment. No sig
nificant simple effect was found at the baseline, a simple effect of post- 
treatment was noted in the left MTG (peak MNI coordinates: − 63, − 6, 
− 12; cluster size: 6 voxels; cluster-corrected PGRF < 0.05), suggesting 
that the interaction effect was driven by the difference between groups 
after 4 weeks of treatment. 

Real acupuncture > sham acupuncture. Statistically significant ef
fects were determined at a voxel-wise level of P < 0.001 and Gaussian 
random field cluster-corrected threshold of PGRF < 0.05. Abbreviations: 
AMYG amygdala; MCC middle cingulate cortex; MTG middle temporal 
gyrus; STG superior temporal gyrus. 

Moreover, no significant interaction-effect regions were revealed 
using the mask of all ROIs, left MOG, left INS, or left PFCventmed as 
seeds. However, when using INS as seed, a main effect of treatment was 
observed in the left superior frontal gyrus and right supplementary 
motor area (Table S4). When using PFCventmed as seed, a main effect of 
treatment was observed in the left Cerebellum_Crus2, right Cer
ebellum_Crus1, bilateral medial superior frontal gyrus, bilateral middle 
frontal gyrus, right middle temporal gyrus, right middle occipital gyrus, 
right precuneus, and left angular (Table S2). 

Also, the migraine patients in the real acupuncture group showed an 
increased rsFC in the left cuneus with right MCC after acupuncture 
treatment (Fig. 4), while no significant rsFC region was detected in the 
sham acupuncture group. 

3.5. Correlations results 

Herein, we found an overlapping increase in the left MTG whenever 
using right AMYG or right MCC as seed. Thus, we extracted the average 
rsFC z-values of the overlapping region in the left MTG for the following 
analysis. Next, we computed a correlation coefficient between the 
extracted average z-values of the rsFC change and the clinical feature 
change (including MMDs, VAS, HIT-6, MSQ, BDI-II, BAI, PSQI, and 
MoCA) across all patients (post-treatment − pre-treatment) and 
observed that the increased rsFC z-value in the left MTG with the right 
AMYG seed was negatively associated with reduced MMDs (r = -0.333 
Puncorrected = 0.0356, PBonferroni-corrected = 0.356). Conversely, the 
increased rsFC z-value in the left MTG with right MCC was negatively 
associated with the increased MSQ-RP domain score (r = -0.483 Pun

corrected = 0.0016, PBonferroni-corrected = 0.016) and reduced HIT-6 score (r 
= -0.527P uncorrected = 0.0005, PBonferroni-corrected = 0.005). The FC result 
was normally distributed (P > 0.05). The correlation between the 
reduced MMDs and increased rsFC z-value in the left MTG with the right 
AMYG seed did not survive after Bonferroni correction, but showed a 
significant trend. The results are shown in Fig. 5. 

We also extracted the average rsFC z-values of the left MTG at the 
baseline to explore whether it could predict the treatment response. A 
hierarchical multiple regression analysis controlling for age, sex, and 
education was applied. Next, we observed a significantly decreased 
correlation between rsFC z-values in the left MTG at baseline and the 
MMDs change (R2 = 0.167F (4, 35) = 1.756P = 0.043) when using the 
right AMYG as seed, proposing that the rsFC of right AMYG-left MTG has 
the potential to predict the treatment response. Moreover, no significant 

Table 2 (continued ) 

Outcome Measure Real 
Acupuncture 
group 
n = 20 

Sham Acupuncture group 
n = 20 

Between- 
group 
difference  

Value (95 
% CI) 

P valuea 

Treatment, 1-4wk 1.90 (0.32) 1.94 
(0.23)   

Change from 
baseline in 
MoCA 

− 0.05 (0.23) 0 (0.33) − 0.05 
(-0.24 to 
0.14)  

0.5743  

MoCA, Delayed 
memory     

Baseline 3.21 (1.32) 3.58 
(1.30)   

Treatment, 1-4wk 3.47 (1.39) 3.89 
(1.15)   

Change from 
baseline in 
MoCA 

0.26 (0.93) 0.32 
(0.75) 

− 0.05 
(-0.61to 
0.50)  

0.8491  

MoCA, Orientation     
Baseline 5.89 (0.32) 5.95 

(0.23)   
Treatment, 1-4wk 5.94(0.23) 5.95 

(0.23)   
Change from 

baseline in 
MoCA 

0.05 (0.23) 0 (0.33) 0.05 (-0.05 
to 0.16)  

0.3240  

PSQI, mean (SD)b     

Baseline 6.75 (5.41) 6.85 
(3.07)   

Treatment, 1-4wk 5.65 (2.64) 6.60 
(2.98)   

Change from 
baseline in PSQI 

1.10 (3.46) 0.25 
(2.53) 

0.85 (-1.09 
to 2.79)  

0.3811 

Abbreviations: SD standard deviation; CI confidence interval; VAS visual analog 
scale; MMDs Monthly migraine days; HIT-6 6-item Headache Impact Test; MSQ 
Migraine-Specific Quality of Life Questionnaire; BDI-II Beck Depression 
Inventory-II; BAI Beck Anxiety Inventory; MoCA Montreal Cognitive Assess
ment; PSQI Pittsburgh Sleep Quality Index. 

a All tests were two-sided. Statistical significance was set at P < 0.05. 
b Analyzed using independent samples t-test. 
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correlation was observed when using the right MCC as seed. 

4. Discussion 

The between-group differences were significant for MMDs, HIT-6, 
MSQ-RR, and MSQ-RP domains in favor of real acupuncture, reflecting 
improvement in the treatment effects on headache severity, headache 
impact, and HRQoL. Then, we aimed to examine the effects of 
acupuncture in regulating brain connectivity of key regions, selected 
using the meta-analysis on brain imaging studies of pain. The results 
were as follows: 1) After acupuncture treatment, migraine patients of 
the real acupuncture group showed significantly enhanced connectivity 
in the right AMYG/MCC-left MTG and right MCC-right STG compared to 
that of the sham acupuncture group; 2) Negative correlations were 
established between clinical effects and increased rsFC in the right 
AMYG/MCC-left MTG; 3) Baseline right AMYG-left MTG rsFC could 
predict the decrease in the MMDs after treatment. The current findings 
implied that acupuncture might concurrently regulate the rsFC of two 
pain modulation regions in the AMYG and MCC. The MTG and STG may 
be the key nodes linked to multisensory processing of pain modulation in 
migraine with acupuncture treatment. 

4.1. Clinical outcomes 

The current study reported the efficacy of acupuncture on the mea
sures of headache severity (MMDs, VAS), headache impact (HIT-6), 

HRQoL (MSQ), psychological profile (BDI-II, BAI), sleep quality (PSQI), 
and cognitive function (MoCA). The results indicated that the treatment 
effects of real acupuncture are sustained for 4 weeks on MMDs, HIT-6, 
and MSQ compared to sham acupuncture. By week 4, the between- 
group mean differences in the change in HIT-6 and MSQ-RP domain 
scores were greater than the between-group MIDs (HIT-6 MID = 2.3 
points; MSQ-RP MID = 4.6, Table 2) (Coeytaux et al., 2006; Cole et al., 
2009). Accordingly, real acupuncture produced statistically significant 
and clinically meaningful improvements in the headache impact and 
HRQoL that were sustained for 4 weeks. These findings were in line with 
the results of a systematic review investigating the efficacy of 
acupuncture for migraine prevention (Linde et al., 2016), which sup
ported and extended the previous findings (Wang et al., 2011; Xu et al., 
2020; Zhao et al., 2017). 

4.2. Pain modulation-related ROI functions in context of migraine 

In this study, we used the meta-analysis on brain imaging studies of 
pain to identify the five pain modulation-related key regions, including 
right AMYG, left INS, left PFCventmed, left MOG, and right MCC. The 
current study aimed to examine the effects of acupuncture in regulating 
brain connectivity of the abovementioned pain modulation-related key 
regions in migraine patients. When using right AMYG and right MCC as 
seeds, significantly brain connectivity was observed after real 
acupuncture compared to sham acupuncture. 

Our literature search found that AMYG and MCC brain regions had 
been widely reported in migraine studies. AMYG is a crucial part of the 
limbic system and is well-known for emotional processing (Janak and 
Tye, 2015; Marek et al., 2013). Many neuroimaging studies have 
demonstrated that AMYG plays a key role in pain modulation (Bushnell 
et al., 2013; Simons et al., 2014; Thompson and Neugebauer, 2017) and 
pain perception (Raver et al., 2020). In experimental pain processing 
studies, AMYG activation has been observed in response to experimental 
noxious stimuli, such as mechanical compression, thermal stimulation, 
electrical stimulation, and capsaicin application (Simons et al., 2014). In 

Fig. 4. (a) The location of the right AMYG (ROI-1) seed (marked in red). (b) A significant rsFC time-by-groups interaction effect was noted in the left MTG (post 
minus pre). (c) The location of the right MCC (ROI-5) seed (marked in red). (d) A significant rsFC time-by-groups interaction effect was noted in the left MTG and 
right STG (post minus pre). (e) The altered rsFC of right CUN in real acupuncture group after four weeks treatment. Abbreviations: ROI, region of interest; rsFC, 
resting state functional connectivity; MTG, middle temporal gyrus; MCC, middle cingulate cortex; STG, superior temporal gyrus; CUN, cuneus. (For interpretation of 
the references to colour in this figure legend, the reader is referred to the web version of this article.) 

Table 3 
Interaction effect between real and sham acupuncture group after four weeks 
treatment.  

Seed Brain regions Cluster size T peak Peak coordinates 

Right AMYG Left MTG 18  4.4692 − 45 − 66 15 
Right MCC Left MTG 27  4.1278 − 63 − 9 − 9 

Right STG 12  4.1853 66 − 15 − 9  

L. Liu et al.                                                                                                                                                                                                                                       



NeuroImage: Clinical 36 (2022) 103168

11

a structural MRI study, compared to healthy volunteers, the AMYG 
volumes fluctuated in MWoA patients and were correlated with head
ache frequency (Liu et al., 2017). Moreover, a significant change has 
been identified in a Granger causality analysis (GCA) of AMYG to other 
sensory cortical brain regions in MWoA, which indicates that AMYG 
contributes to the abnormalities in multisensory integration and pain 
modulation in migraine (Huang et al., 2021). 

MCC is one of the key regions involved in the central executive 
network (CEN), implicated in the cognitive processes of pain modulation 
(Jiang et al., 2016). It is also a crucial part involved in the cortical 
mechanism of pain sensitization (Tan et al., 2017). Decreased MCC ac
tivity has been detected in migraineurs, and abnormal effective FC be
tween the left MCC to right paracentral lobule is negatively correlated 
with the headache impact scores (Wei et al., 2020). A structural MRI 

study showed reduced cortical thickness in the MCC in migraineurs 
(Hubbard et al., 2014). The above findings provided evidence that 
AMYG and MCC contribute to pain modulation in migraine. 

4.3. Changes in brain connectivity linked to multisensory processing of 
pain modulation in migraine with acupuncture treatment 

Importantly, we found that the left MTG was the overlapping brain 
region when using the right AMYG and right MCC as seeds after real 
acupuncture compared to sham acupuncture. A previous study 
confirmed that the MTG plays a critical role in multisensory information 
processing in migraine, especially for visual form. Both migraine with 
and migraine without aura patients display interictal impairments of the 
vision. The MTG is within the extrastriate visual cortex in the temporal 

Fig. 5. (a) The significantly negatively correlation between rsFC change in left MTG with right AMYG and MMDs change across all MWoAs. (b) The significantly 
negatively correlation between rsFC change in left MTG with right MCC and HIT-6 change across all MWOAs. (c) The significantly negatively correlation between 
rsFC change in left MTG with right MCC and MSQ-RP domain change across all MWoAs. (d) Predicting the MMDs change with baseline average rsFC z-values in left 
MTG controlling for age, sex, and educational years. Abbreviations: MTG, middle temporal gyrus; AMYG, amygdala; MMDs, mean migraine days; MWoAs, migraine 
without aura; MCC, middle cingulate cortex; HIT-6, Headache Impact Test-6; MSQ-RP, Migraine-Specific Quality of Life Questionnaire-role preventive. 
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lobe. MTG contains predominant reciprocal connectivity with the visual 
regions V1–V4 as well as higher-order visual regions, such as the ventral 
intraparietal, superior temporal, and parieto-occipital cortex (Unger
leider and Desimone, 1986). The primary visual cortex and extrastriate 
visual cortex display altered excitability or sensitivity in migraineurs 
(Battelli et al., 2002). Another study suggested stronger activation of the 
left MTG in MWoA patients (Antal et al., 2011). Moreover, MTG pre
sented decreased FC with left vlPAG in migraineurs than in healthy 
controls (Chen et al., 2017). Additionally, structural abnormality of the 
MTG was described previously in migraine (Granziera et al., 2006). The 
gray matter (GM) structure within the temporal lobes has been corre
lated with disease duration in migraineurs (Rocca et al., 2006). Inter
regional cortical thickness correlations of MTG and temporal pole can 
differentiate the migraine brain from the healthy brain (Schwedt et al., 
2015a). Some studies indicated that MTG mainly participates in visual 
information processing and plays a crucial role in migraine pathophys
iology, indicating that disrupted visual information processing may 
occur in migraine patients. Interestingly, a recent study showed that the 
decrease in the number of migraine days was related to the temporal 
gyrus’s baseline GM volume, and the temporal gyrus demonstrated a 
longitudinal elevation in the GM volume in acupuncture treatment re
sponders (Yang et al., 2020). Selected bilateral temporal lobe as ROI, 
Zou et al. indicated increased pairwise connectivity between the right 
temporal lobe and left anterior cingulate cortex, bilateral superior 
medial gyrus and right precuneus after acupuncture treatment(Zou 
et al., 2019). Increased connectivity in the MTG within the frontal and 
temporal lobes is seen following acupuncture treatment in migraine 
patients (Zhang et al., 2016). In this study, increased intrinsic connec
tivity within the MTG in migraine patients might provide a neuroana
tomical basis for interpreting the real acupuncture mechanism. 

Another main finding yielded is a significantly increased right STG 
rsFC when using the right MCC as seed after real acupuncture compared 
to sham acupuncture. During the interictal period, MWoA patients 
might still suffer hypersensitivity to multisensory stimuli. Several 
studies have confirmed that STG is also involved in increased multi
sensory processing in migraine, especially for auditory, visual, olfactory, 
and painful stimuli (Demarquay et al., 2008; Moulton et al., 2011; 
Schwedt, 2013). The STG is widely regarded as a critical component in 
multisensory perception and emotional regulation (Moerel et al., 2014; 
Schönwiesner and Zatorre, 2009; Yi et al., 2019), which is required for 
individual cognitive processes and adaptive behavior. Moreover, the 
STG belongs to the ventral stream of the visual pathway, effectuated as a 
link between auditory and visual processing, perception, and memory 
(Kravitz et al., 2013). A recent study found diminished ReHo value in 
right STG after acupuncture treatment, indicating emotional disorders in 
menstrual migraine without aura patients and the association with the 
acupuncture effects as well (Zhang et al., 2021). However, contrary 
results of an elevated ReHo value in STG and lowered in MTG were 
reported after acupuncture in a previous study (Zhao et al., 2014). In 
accordance with our findings, enhanced connectivity with the right STG 
and right precuneus was demonstrated following longitudinal 
acupuncture treatment(Li et al., 2017). 

Strikingly, the real acupuncture treatment increased the rsFC within 
MTG and STG brain regions, which are both involved in multisensory 
processing in migraine, including visual, auditory, and language 
recognition. The patients in the real acupuncture group showed 
increased visuospatial and executive function scores and language of the 
MoCA scale compared to the sham acupuncture group (Table 2). An 
increased MTG and STG connectivity may represent the improved 
capability of multisensory processing after treatment. 

In the present study, the clinical effects (MMDs, HIT-6, and MSQ-RP 
domain) of the acupuncture treatment were significantly and negatively 
associated with increased rsFC in the left MTG with right AMYG/MCC. 
In agreement with these findings, the current study suggested that 
migraine patients display decreased brain connectivity in the pain 
modulation and multisensory processing regions, which could be 

normalized by acupuncture along with headache severity, headache 
impact, and HRQoL improvement. These findings might prompt the 
improvement in clinical outcomes. We also found a significant negative 
association between right AMYG- left MTG rsFC at baseline and MMD 
decline, indicating that baseline right AMYG- left MTG rsFC could pre
dict the magnitude of acupuncture treatment effects. 

Migraine can be regarded as the consequence of multisensory in
teractions between pain emotional modulation and pain cognitive pro
cessing (Huang et al., 2021). The feedback mechanism that suppresses 
sensory perception is malfunctioning, and the abnormal sensory signals 
are transmitted to the brain, resulting in conscious perception of noci
ception (Wei et al., 2019). Taken together, these findings suggested that 
plasticity change in the multisensory processing cortex of pain modu
lation might be implicated in the mechanism underlying the treatment 
effects of acupuncture for migraine prevention. After acupuncture 
treatment, the enhanced connectivity in the right AMYG/MCC-left MTG 
and right MCC-right STG might be associated with functional normali
zation in the pain modulation mechanisms and ameliorate repeated 
unpleasant multisensory burden in the long-term pain response. 

4.4. Limitations 

Nevertheless, the present study has several limitations. First, our 
study was carried out during a 4-week treatment phase. Therefore, the 
acupuncture intervention shown in fMRI represents only short-to- 
middle-term effects. Second, our study had a small sample size, neces
sitating additional studies with large sample sizes to confirm our find
ings. Third, we did not apply multimodal imaging techniques at baseline 
and after the treatment. The regulation of the regional brain dysfunction 
with only rs-FCs is inadequate to describe the pathological mechanisms 
of migraine with acupuncture treatment. Fourth, migraine can be 
investigated in both the ictal and interictal phases, and migraineurs in 
different phases and subtypes have evoked diverse brain functional 
outcomes. In the current study, migraine without aura patients under
went MRI scanning during the headache-free interval. The timing of the 
data collection should be considered when interpreting the fMRI study, 
and our study may only represent acupuncture actions on a specific 
subtype of migraine. Fifth, Neurosynth meta-analysis also has some 
limitations. Errors may arise during the automated extraction and syn
thesis of fMRI activation coordinates. However, several studies have 
been conducted to demonstrate the validity and sensitivity of 
Neurosynth-based meta-analysis, which might provide evidence in sup
port of the method’s application (Yarkoni et al., 2011). Sixth, because of 
the lack of healthy controls, we cannot provide the characteristics on 
migraine neuroimaging, and the comparisons on rsFC between our 
intervention and normal states. 

5. Conclusion 

In conclusion, we used the meta-analysis on brain imaging studies of 
pain to identify the five pain modulation-related key regions, including 
right AMYG, left INS, left PFCventmed, left MOG, and right MCC. The 
migraine patients of the real acupuncture group showed significantly 
enhanced connectivity in the right AMYG/MCC-left MTG and right 
MCC-right STG compared to the sham acupuncture group. A negative 
correlation was established between the clinical effects and increased 
rsFC in the right AMYG/MCC-left MTG. Acupuncture may concurrently 
regulate the rsFC of two pain modulation regions in the AMYG and MCC. 
The MTG and STG might be the key nodes linked to multisensory pro
cessing of pain modulation in migraine with acupuncture treatment. Our 
findings highlighted the acupuncture potential in migraine management 
as well as the mechanisms underlying the modulation effects. 
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