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Abstract
Objective  To investigate the changes in amplitude of low-frequency fluctuation (ALFF) and degree centrality (DC) 
values before and after acupuncture in young women with non-menstrual migraine without aura (MWoA) through 
rest blood-oxygen-level-dependent functional magnetic resonance imaging (BOLD fMRI).

Methods  Patients with non-menstrual MWoA (Group 1, n = 50) and healthy controls (Group 2, n = 50) were 
recruited. fMRI was performed in Group 1 at 2 time points: before acupuncture (time point 1, TP1); and after the 
end of all acupuncture sessions (time point 2, TP2), and performed in Group 2 as a one-time scan. Patients in Group 
1 were assessed with the Migraine Disability Assessment Questionnaire (MIDAS) and the Short-Form McGill Pain 
Questionnaire (SF-MPQ) at TP1 and TP2 after fMRI was performed. The ALFF and DC values were compared within 
Group 1 at two time points and between Group 1 and Group2. The correlation between ALFF and DC values with the 
statistical differences and the clinical scales scores were analyzed.

Results  Brain activities increased in the left fusiform gyrus and right angular gyrus, left middle occipital gyrus, 
and bilateral prefrontal cortex and decreased in left inferior parietal lobule in Group 1, which had different ALFF 
values compared with Group 2 at TP1. The bilateral fusiform gyrus, bilateral inferior temporal gyrus and right middle 
temporal gyrus increased and right angular gyrus, right superior marginal gyrus, right inferior parietal lobule, right 
middle occipital gyrus, right superior frontal gyrus, right middle frontal gyrus, right anterior central gyrus, and right 
supplementary motor area decreased in activity in Group 1 had different DC values compared with Group 2 at TP1. 
ALFF and DC values of right inferior temporal gyrus, right fusiform gyrus and right middle temporal gyrus were 
decreased in Group1 at TP1 compared with TP2. ALFF values in the left middle occipital area were positively correlated 
with the pain degree at TP1 in Group1 (correlation coefficient r, r = 0.827, r = 0.343; P < 0.01, P = 0.015). The DC values of 
the right inferior temporal area were positively correlated with the pain degree at TP1 in Group 1 (r = 0.371; P = 0.008).
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Introduction
Migraine is a common type of primary headache with 
unclear etiology. Some studies suggest that migraine rep-
resents an overall dysfunction of multi-sensory integra-
tion, cognition and attention, emotional processing and 
executive function [1]. Epidemiological studies showed a 
global incidence of migraine to be approximately 12% [2], 
among which women make up the majority of migraine 
sufferers, with the highest incidence among women aged 
18–49 [3]. The International Classification of Headache 
Disorders includes A1.1 the definitions of pure men-
strual migraine without aura and menstrually related 
migraine without aura and non-menstrual migraine 
without aura. The diagnostic criteria of non-menstrual 
migraine without aura includes not fulfilling criterion to 
identify migraines that occur only or preferentially dur-
ing the days around the menstruation [4]. The manage-
ment of migraine had become a challenging global public 
health issue, and new treatment modalities are therefore 
mandatory. Studies had shown that acupuncture was safe 
and effective for migraine with its curative effect, simple 
procedure, low price and limited side effects [5], which 
thereby had been widely recognized and accepted in the 
treatment of migraine [6, 7].

Functional magnetic resonance imaging (fMRI) is a 
useful imaging modality that can reflect the changes 
of local functional activities within the human brain. 
Recent brain functional studies using fMRI had exam-
ined changes in brain structure and function associated 
with migraine [8, 9]. Based on the previous researches, 
migraine patients showed abnormal connectivity in the 
sensorimotor system, the resting default mode network 
(DMN), and the executive network [10, 11]. Some stud-
ies had shown that significant differences in intra-net-
work connectivity in sensory and cognitive networks in 
adolescents with migraine aged 12–19 [12]. Also using 
ICA, some researchers had found both altered intra- and 
inter-network connectivity in brain networks involved 
in multisensory processing and cognitive control of 
pain in youth with migraine aged 9–17 [13]. Migraine 
patients exhibited abnormal thalamo-cortical dynamic 
functional network connectivity between the poste-
rior thalamus and default mode and visual regions, also 
extended current findings regarding abnormal thalamo-
cortical networks and dysrhythmia in migraine [14]. In 
another study, the left anterior central gyrus, left infe-
rior parietal lobe, and left posterior central gyrus showed 

increased functional connectivity to the right frontopari-
etal network (rFPN) in migraine patients after standard-
ized acupuncture treatment [15]. These results suggest 
that acupuncture altered the functional connectivity in 
the brain network and provided pain management in 
migraine patients. In an analysis of functional connectiv-
ity using the precuneus as the seed point, acupuncture 
treatment was reported to be able to relieve symptoms 
by enhancing cognitive ability [16]. Therefore, acupunc-
ture may modulate the ascending input/descending pain 
modulation imbalance in the central nervous system in 
patients with migraine.

Previous studies have suggested that migraine in 
women are closely related to the menstrual cycle [17, 18]. 
There was evidence that acupuncture reduces the num-
ber of migraine days in patients with menstrual-related 
migraine compared to medication [19]. Few studies had 
reported changes in brain functional activity in non-men-
strual young women with migraine without aura (MwoA) 
before and after acupuncture intervention [20]. Our 
previous study showed that acupuncture significantly 
regulated the functional connection between the insula 
subarea and other parts of the brain in this patient popu-
lation [21]. However, the association between acupunc-
ture treatment and resting brain activity, as well as the 
correlation between these potential functional activity 
changes and clinical symptoms, have not been illustrated 
in non-menstrual young women with MwoA. Therefore, 
we recruited non-menstrual young women with MwoA 
and analyzed the changes in brain activity at baseline and 
in the resting state after acupuncture intervention in this 
prospective study to explore the central nervous mecha-
nism of acupuncture in migraine management.

Materials and methods
Patient recruitment
This clinical trial was approved by the Ethics Commit-
tee of Shuguang Hospital affiliated to Shanghai Uni-
versity of Traditional Chinese Medicine Clinical Trial 
Registry Platform, World Health Organization under 
registration number: 2019-766-121-01. A total of 50 
patients with non-menstrual MWoA were enrolled in 
Group 1, and 50 health controls matched for age, gender, 
years of education and handedness with those in Group 
1 were recruited as Group 2. All subjects were recruited 
at Shanghai University of Traditional Chinese Medicine 
between September 2021 and January 2022.

Conclusion  Spontaneous brain activity and network changes in young women with non-menstrual MwoA were 
altered by acupuncture. The right temporal area may be an important target for acupuncture modulated brain 
function in young women with non-menstrual MwoA.

Keywords  Blood-oxygen-level-dependent functional magnetic resonance imaging, Acupuncture, Non-menstrual 
migraine without aura, Low-frequency fluctuation, Degree centrality
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Inclusion and exclusion criteria for migraine patients
Inclusion criteria: (1) right-handed, female patients aged 
between 18 and 35 years; (2) patients had the diagnosis 
of MwoA based on the International Classification of 
Headache Diseases III (ICHD-III) criteria; (3) patients 
did not receive any preventive medicine or acupunc-
ture treatment for headache within the past 3 months; 
(4) the duration of migraine should be at least 6 months; 
(5) patients who had undergone headache episode at 
least once a month for the past 3 months and were not 
in the menstrual period when fMRI were performed; (6) 
patients who had signed the informed consent form. If 
any of the above criteria were not met, the patients were 
not enrolled in the study.

Exclusion criteria: (1) patients with alcohol or drug 
abuse; (2) patients with mental, neurological, cardiovas-
cular, respiratory or renal disease, (3) patients with a his-
tory of head trauma of any other type of headache or loss 
of consciousness; (4) patients with contraindications to 
MRI such as claustrophobia; (5) patients with contraindi-
cations to acupuncture such as bleeding disorders.

Inclusion and exclusion criteria for healthy controls
Inclusion criteria: right-handed female individuals who 
aged between 18 and 35 years and not in their menstru-
ating period when undergoing fMRI scan were included.

Exclusion criteria: subjects with any type of primary or 
secondary headache, history of a clinically significant dis-
order, pregnancy or breast-feeding, contraindications to 
MRI, severe head deformity, or intracranial lesions were 
excluded.

Study procedure
Patients in the Group 1 received resting-state functional 
magnetic resonance imaging (rs-fMRI) scan at base-
line (time point 1, TP1) and at the end of all acupunc-
ture treatments (time point 2, TP2). All patients were 
assessed for disease severity using the Migraine Disability 
Assessment Questionnaire (MIDAS) and the Short-Form 
McGill Pain Questionnaire (SF-MPQ) before and after 
acupuncture therapy. Subjects in Group 2 received only 
one rs-fMRI scan (at TP1) (Fig. 1).

Acupuncture procedure
All acupuncture procedures were performed by the same 
acupuncturist with over 3 years of experience. Acupoints 
were located according to the national standards for acu-
point location (GB 12346-90). The following acupoints 
were selected: Baihui (DU20), Shuaigu (GB8), Xuanlu 
(GB5), and Touwei (ST8) (Fig. 2) according to the prin-
ciple of main points + syndrome differentiation [22, 
23]. DU20 and GB8 are the main points. GB5 and ST8 
is the matching point. All patients received 8 sessions 
of acupuncture procedures for 4 weeks, with 2 sessions 
per week, each lasting 20 min. Disposable stainless steel 
acupuncture needles (0.35 × 40  mm, Huatuo brand) and 
electroacupuncture therapy instrument (SDZ-II, Suzhou 
Medical Supplies Factory Co., LTD.) were used for the 
procedures. Sterile single-use acupuncture needle with 
a length of 25–40 mm and a diameter of 0.25 mm were 
inserted with the purpose to achieve the Deqi sensation. 
Electric stimulation was applied at DU20 and GB8 on 
the affected side. The anode and cathode of each pair of 

Fig. 1  Flow chart showing the enrollment, treatment, and follow-up processes of the study. fMRI, functional magnetic resonance imaging; HCs: healthy 
controls. SF-MPQ: The Short-Form McGill Pain Questionnaire. MIDAS: The Migraine Disability Assessment Scale. TP1: Time Point 1, The migraine patients 
and healthy controls received first fMRI scans at baseline. At the same time, migraine patients received SF-MPQ & MIDAS assessment before acupuncture. 
TP2: Time Point 2, migraine patients received second fMRI scans and SF-MPQ & MIDAS assessment after the end of all acupuncture sessions
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electroacupuncture were respectively connected with the 
needle handle on the same side of the acupoint. The stim-
ulation frequency was 2  Hz and with intensity varying 
from 0.1 to 1.0 mA until the patient felt comfortable. All 
patients agreed not to take any regular medications for 
migraine for the duration of the study. Subjects in Group 
2 received no intervention.

Rs-fMRI scanning
In order to ensure the consistency of study, fMRI 
scans were scheduled for all subjects after their men-
strual cycle. Rs-MRI images were acquired by using a 
3.0-Tesla scanner (uMR790 platform, United Imaging 
Medical Systems, Shanghai, China) with a 32-channel 
head coil. A sponge-built head holder was used to pre-
vent head movements. The parameters were set as fol-
lows: (1) 3D-T1WI sequence structural imaging was 
performed with a T1-weighted magnetization-prepared 
rapid gradient echo (TR = 7.2 ms, TE = 3.1 ms, thick-
ness = 1  mm, flip angle = 10°, FOV = 256  mm × 256  mm, 
192 slices). (2) Functional images were acquired with a 
single-shot gradient recalled echo planar imaging (EPI) 
sequence (TR = 2000 ms, TE = 30 ms, thickness = 3.5 mm, 
flip angle = 90°, FOV = 224  mm × 224  mm, 33 slices, 
matrix = 64 × 64). Each scan lasted for 8 min, with a total 
of 240 time points. Subjects were instructed to relax with 
their eyes closed during the scanning process.

Data processing
Image data were processed with MATLAB program 
(mathworks.com) and SPM 12 (https://fil.ion.ucl.ac.uk/
spm) was used to preprocess the data, including the fol-
lowing main steps: (1) The first 10 volumes of each scan 
were removed to avoid instability due to T1-related 

relaxation effect. (2) Slice timing: time difference between 
data at each point in time was corrected and the head 
motion parameters of the subject in the scanning time 
series were obtained. (3) Realigning: the data at all time 
points were spatially aligned with the data collected at 
the first time point to obtain the head motion parameters 
of the subject in the scanning time series. (4) Co-regis-
tration and normalization: all collected data were resa-
mpled according to the Montreal Neurological Institute 
(MNI) standard template space with a 3 × 3 × 3 mm voxel 
size for spatial normalization. (5) Voxel-wise detrending: 
Nuisance regression was performed using the 24 head 
motion parameters, white matter, and cerebrospinal fluid 
signals as covariates. Linear trends were removed. (6) 
Filtering: the band-pass filtering range was set at 0.01–
0.08 Hz to physiological level with high frequency noise. 
(7) smooth: a Gaussian kernel of 6  mm full width at 
half-maximum was used to smooth the images(this step 
should be after the calculation of DC but before ALFF).

Specific fMRI metrics can be used to characterize the 
cerebral regional and network characteristics in patient. 
Amplitude of low-frequency fluctuation (ALFF) was doc-
umented as a reflection of the spontaneous neural activ-
ity of the cerebral cortex. Degree centrality (DC) was the 
measurement of nodal influence across whole brain func-
tional connections at the voxel level, which could identity 
the hubs in brain networks and provide functional con-
nectivity of the entire brain. These two parameters were 
used in our study to reflect the cerebral regional and net-
work characteristics in migraine patients.

ALFF and DC values were calculated using RESTplus 
(Resting-State fMRI Data Analysis Toolkit V1.8). ALFF 
value was yielded by transforming the square root from 
power and averaging from 0.01 to 0.08  Hz. The DC 

Fig. 2  The location of four acupoints involved in this study: Baihui (DU20), Shuaigu (GB8), Xuanlu (GB5), Touwei (ST8).
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measure was computed based on a Pearson correlation 
coefficient with a cut-off of 0.25 (p = 0.001) and smoothed 
spatially with a Gaussian kernel of 6  mm full width at 
half-maximum (FWHM).

Statistical analysis
The statistical software SPSS 20.0 was used for statistical 
analysis. Independent sample t-test was used to compare 
the difference of age in two groups. The Kruskal–Wal-
lis H-test was used to assess differences in MIDAS and 
SF-MPQ scores between Group 1 at TP1 and Group 
1 at TP2. The level of statistical significance was set at 
P < 0.05. The Mann–Whitney test was used to analyze 
the difference between Group 1 at TP1 and TP2. To avoid 
type I error, P < 0.025 was considered statistically signifi-
cant based on a Bonferroni multiple comparison correc-
tion (0.05/2 = 0.025).

The MIDAS and SF-MPQ scores, as well as the change 
rates in MIDAS and SF-MPQ scores were calculated. The 
change rates in MIDAS and SF-MPQ scores were defined 
by the score difference between two time points divided 
by the scores from the initial time point.

Statistical analytic processes of ALFF and DC values 
were performed in RESTplus. The ALFF and DC values 
of two groups at baseline were compared by independent 

samples t-test with FDR correction (voxel-level correc-
tion, P < 0.001, Voxels > 60). The ALFF value and DC 
value of group 1 before and after EA were compared by 
paired T test with FDR correction (voxel-level correction, 
P < 0.001, Voxels > 20). The correlation between ALFF and 
DC values of brain regions with statistical difference, as 
well as MIDAS, SF-MPQ, MIDAS change rate (denoted 
as MIDAS change) and SF-MPQ score change rates 
(denoted as SF-MPQ change) in Group 1 were calculated 
by bivariate Pearson correlation analysis. P < 0.05 was 
considered statistically significant.

Results
Clinical data
The mean ages of subjects in Group 1 and Group 2 were 
28.36 ± 3.61 and 27.60 ± 3.02 years, respectively (P = 0.26). 
Education level was transformed into the years of edu-
cation and no significant difference in educational level 
was found between the two groups (P = 0.29) (Table  1). 
The MIDAS scores in Group 1 at TP2 were significantly 
lower than that at TP1 (at baseline) (P < 0.025, in pairwise 
comparisons). The SF-MPQ scores in Group 1 at TP2 
were significantly lower than that at TP1 (at baseline) 
(P < 0.025, in pairwise comparisons) (Table 1).

fMRI data

1.	 Baseline ALFF and DC values were comparable 
between Groups 1 and 2. Increased ALFF value was 
found in the left fusiform gyrus, while decreased 
ALFF values were identified in the right angular 
gyrus, left middle occipital gyrus, bilateral prefrontal 
cortex and left inferior parietal lobule. Brain regions 
with higher DC values were bilateral fusiform gyrus, 
bilateral inferior temporal gyrus and right middle 
temporal gyrus, reflecting the importance of network 
nodes in these regions. Brain regions with decreased 
DC values included the right angular gyrus, right 
superior marginal gyrus, right inferior parietal 
lobule, right middle occipital gyrus, right superior 
frontal gyrus, right middle frontal gyrus, right 
anterior central gyrus, and the right supplementary 
motor area (Table 2; Fig. 3A, B).

2.	 Brain regions with ALFF and DC value changes in 
Group 1 before and after acupuncture intervention.

ALFF values of the right inferior temporal gyrus, 
right fusiform gyrus and right middle temporal gyrus 
decreased after acupuncture intervention. Consistently, 
DC values of the right inferior temporal gyrus, right fusi-
form gyrus and right middle temporal gyrus decreased 
after acupuncture (Table 3; Fig. 3C, D).

Table 1  Demographic and clinical characteristics of participants
Data Group 1 

(n = 50)
Group 2 
(n = 50)

P-value

Age (year) 28.36 ± 3.61 
(18–33)

27.60 ± 3.02 
(18–32)

0.26a

Education (year) 15.85 ± 2.72 
(5–19)

16.63 ± 2.43 
(5–19)

0.29a

Disease duration (year) 1.20 ± 8.19 
(1–10)

NA /

Frequency per month (times) 1.46 ± 2.55 
(1–4)

NA /

SF-MPQ score (TP1) 19.55 ± 7.55 NA <0.025b

SF-MPQ score (TP2) 9.44 ± 4.85 NA

SF-MPQ change 0.52 ± 0.35 NA

MIDAS score (TP1) 14.28 ± 8.90 NA <0.025b

MIDAS score (TP2) 6.50 ± 4.95 NA

MIDAS change 0.54 ± 0.44 NA
Data were expressed as mean ± SD (range). Group 1: Non-menstrual migraine 
patients. Group 2: healthy controls

NA = not applicable. Education: different types of education were transformed 
into the years of education: Primary school ≥ 5 years, Middle school ≥ 6 years, 
Undergraduate ≥ 4 years, Postgraduate ≥ 3 years. The disease duration of the 
migraine patients ranged from 1 year to 24 years. Frequency per month (times): 
The frequency of migraine attacks during the past 4 weeks. SF-MPQ: The Short-
Form McGill Pain Questionnaire. MIDAS: The Migraine Disability Assessment 
Scale. TP1: Time Point 1, migraine patients and healthy controls received first 
fMRI scans at baseline. Meanwhile, migraine patients received SF-MPQ & 
MIDAS assessments before acupuncture. TP2: Time Point 2, migraine patients 
received second fMRI scans and SF-MPQ & MIDAS assessments after the end of 
all acupuncture sessions
aIndependent-sample t test
bThe SF-MPQ and MIDAS scores of Group 1 before and after acupuncture 
treatment was compared by paired t test
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Correlation analysis between ALFF or DC values and 
SF-MPQ or MIDAS scores
The SF-MPQ score was also positively correlated with 
the ALFF value of the left middle occipital area at TP1 
in Group 1 (P = 0.015, r = 0.343). Meanwhile, the SF-MPQ 
scores was positively correlated with DC values of the 
right inferior temporal area at TP1 in Group 1 (P = 0.008, 
r = 0.371). The MIDAS score was positively correlated 
with the ALFF value of the left middle occipital area at 
TP1 in Group 1 (P = 0.0036, r = 0.827) (Fig. 4).

Discussion
Characteristics of changes of brain spontaneous activity 
and brain network in young women with non-menstrual 
MwoA
The left fusiform gyrus was associated with increased 
ALFF value in MwoA patients compared with healthy 
subjects in this study. Decreased ALFF values were 
detected in the right angular gyrus, left middle occipital 
gyrus, bilateral prefrontal cortex and left inferior parietal 
lobule. Brain regions with higher DC values, including 
bilateral fusiform gyrus, bilateral inferior temporal gyrus 
and the right middle temporal gyrus, reflected the impor-
tance of network nodes. Brain regions with decreased 
DC values included the right angular gyrus, right supe-
rior marginal gyrus, right inferior parietal lobule, right 
middle occipital gyrus, right superior frontal gyrus, right 
middle frontal gyrus, right anterior central gyrus, and 

the right supplementary motor area. ALFF measures the 
intensity of spontaneous low-frequency fluctuations in 
the blood-oxygen-level-dependent (BOLD) signal, typi-
cally in the frequency range of 0.01 to 0.1 Hz [24]. ALFF 
is thought to reflect regional neural activity and has been 
associated with the baseline metabolic activity of the 
brain [25]. ALFF has been used as a marker for baseline 
neural activity and has been associated with various cog-
nitive and sensory processes [26]. ALFF provides valu-
able information about the intensity of neural activity in a 
given region. DC measures the number of connections a 
node (brain region) has with other nodes in a functional 
brain network [27]. Higher DC values suggest that a par-
ticular region is more central or functionally connected 
within the network. Changes in DC can indicate altera-
tions in the strength or pattern of connections between 
brain regions, providing insights into how acupuncture 
may influence the broader network dynamics [28]. ALFF 
and DC provide additional information about local and 
network-level changes in brain activity [29, 30]. In our 
study, young women with non-menstrual MwoA showed 
decreased baseline spontaneous activity and brain net-
work disturbances in the default mode network (DMN) 
of the prefrontal cortex, angular gyrus, superior frontal 
gyrus, middle frontal gyrus, inferior parietal lobule, and 
the inferior temporal gyrus. The DMN is activated when 
the brain is awake at rest and inhibited when focusing 
on external tasks, which is involved in self-awareness, 

Table 2  Comparison of brain regions with ALFF and DC values at baseline between Group1 and Group 2
Brain areas MNI coordinates Voxels T

X Y Z
ALFF
Group2 > Group1 Fusiform_L −30 −6 −45 285 5.85

Group2 < Group1 Angular_R 36 −69 42 209 −4.69

Group2 < Group1 Occipital_Mid_L −30 −78 36 121 −4.33

Group2 < Group1 Frontal_Sup_R 18 9 66 117 −4.32

Group2 < Group1 Frontal_Mid_L −33 3 54 133 −4.29

Group2 < Group1 Parietal_Inf_L −45 −46 47 228 −4.14

DC
Group2 > Group1 Temporal_Inf_R 54 −30 −22 116 8.71

Group2 > Group1 Temporal_Inf_L −50 −28 −20 139 8.71

Group2 > Group1 Temporal_Mid_R 57 −37 −3 229 8.71

Group2 > Group1 Fusiform_R −30 −40 −25 81 8.71

Group2 > Group1 Fusiform_L 30 −6 −45 74 8.71

Group2 < Group1 Angular_R 46 −60 39 343 −5.42

Group2 < Group1 SupraMarginal_R 51 −33 42 229 −5.43

Group2 < Group1 Parietal_Inf_R 26 −59 62 160 −5.42

Group2 < Group1 Occipital_Mid_R 38 −80 −8 111 −5.42

Group2 < Group1 Frontal_Sup_R 22 30 41 490 −5.84

Group2 < Group1 Frontal_Mid_R 38 33 32 286 −5.84

Group2 < Group1 Precentral_R 40 −8 50 121 −5.84

Group2 < Group1 Supp_Motor_Area_R 8 50 −7 117 −5.84
ALFF: amplitude of low-frequency fluctuation; DC: Degree centrality; MNI: Montreal Neurological Institute; Group1: patients with migraine; Group2: Healthy control; 
R:right cerebral hemisphere; L: left cerebral hemisphere; P < 0.001; FDR corrected; Voxels > 60
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Table 3  Comparison of ALFF and DC values before and after acupuncture in Group 1
Brain areas MNI coordinates Voxels T

X Y Z
ALFF
TP2 < TP1 Temporal_Inf_R 44 7 −39 134 −2.92

TP2 < TP1 Fusiform_R 36 −9 −42 68 −3.27

TP2 < TP1 Temporal_Pole_Mid_R 44 15 −32 22 −3.09

DC
TP2 < TP1 Temporal_Inf_R 42 3 −42 145 −3.89

TP2 < TP1 Fusiform_R 38 −10 −41 81 −3.68

TP2 < TP1 Temporal_Pole_Mid_R 42 16 −33 57 −3.53
ALFF: amplitude of low-frequency fluctuation; DC: Degree centrality; MNI: Montreal Neurological Institute; TP2: after the acupuncture treatment; TP1: before the 
acupuncture treatment; R:right cerebral hemisphere; L: left cerebral hemisphere; P < 0.001; FDR corrected; Voxels > 20

Fig. 3  ALFF and DC values compared at different time points in 2 groups of patients. A Comparison of baseline ALFF values in various brain regions 
between patients with non-menstrual MWoA (Group 1) and healthy controls (Group 2). Increased ALFF values were observed in the left fusiform gyrus, 
while decreased ALFF values were observed in the right angular gyrus, left middle occipital gyrus, bilateral prefrontal cortex and left inferior parietal lob-
ule. The brain regions with red-yellow color indicate a significantly increased ALFF value in Group 1 compared with Group 2, while the brain regions with 
green-blue color indicate a significantly decreased ALFF value in Group1 compared with Group 2 (P < 0.001; FDR corrected; Voxels > 60). B Comparison of 
brain regions with DC values at baseline between Group 1 and Group 2. Increased DC values were observed in bilateral fusiform gyrus, bilateral inferior 
temporal gyrus and right middle temporal gyrus. Decreased DC values were observed in right angular gyrus, right superior marginal gyrus, right inferior 
parietal lobule, right middle occipital gyrus, right superior frontal gyrus, right middle frontal gyrus, right anterior central gyrus and right complemen-
tary motor area. Brain regions with red-yellow color indicate a significantly increased DC value in Group 1 compared with Group 2, while brain regions 
with green-blue color indicate a significantly decreased DC value in Group1 compared with Group 2 (P < 0.001; FDR corrected; Voxels > 60). C Results in 
group 1: ALFF values of the right inferior temporal gyrus, right fusiform gyrus and right middle temporal gyrus after acupuncture significantly decreased 
compared with the time points before acupuncture (P < 0.001; FDR corrected; Voxels > 20). Brain regions with green-blue color indicate a significantly 
decreased ALFF value. D Results in group 1: DC values of the right inferior temporal gyrus, right fusiform gyrus and right middle temporal gyrus signifi-
cantly decreased compared with the time points before acupuncture (P < 0.001; FDR corrected; Voxels > 20). Brain regions with green-blue color indicate 
a significantly decreased ALFF value
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episodic memory, and ongoing cognitive and emo-
tional activities [31]. Recent studies have demonstrated 
that DMN is the primary network affected by chronic 
pain and plays an important role in pain regulation in 
migraines [32]. Consistently in our study, DMN func-
tions responsible for sensory integration, pain cognition 
and attention regulation were decreased in young women 
with non-menstrual MwoA. The prefrontal cortex in 
DMN was involved in complex cognitive behavior plan-
nings [33, 34]. In our study, we found decreased DC val-
ues in the prefrontal cortex, superior frontal gyrus, and 
middle frontal gyrus that may indicate some disruption in 
the prefrontal lobes associated with pain processing. The 
sensorimotor circuit projects from the primary senso-
rimotor cortices such as the premotor area (PMA), fron-
tal lobe, precentral gyrus, posterior central gyrus, SMA 
and relevant cortices to the putamen. Feedback signals 
would then return to these areas via the thalamus. Senso-
rimotor circuits were reported to be involved in affective 
motivation, cognitive assessment, and pain memory [35]. 
The anterior central gyrus was part of the sensorimotor 
cortex and was involved in pain management [36]. Brain 
imaging studies on pain induction suggested that the pri-
mary somatosensory (S1), secondary somatosensory (S2), 
insula, prefrontal cortices and other brain regions could 
be regarded “pain matrix”, whose functions were abnor-
mal in the process of pain induction [37], which was con-
sistent with our results. Dysfunctions of DMN and most 
regions of the sensorimotor circuit were involved in the 
neural mechanism of non-menstrual MwoA in female 
[38]. In this study, we found that DMN and sensorimotor 
circuit had a cross effect on the regulation and processing 
of pain, which could affect sensory, emotional and cogni-
tive processing at multiple levels.

The occipital cortex was the hub for visual perception 
and processing, and the temporo-occipital cortex also 
had complex functional connections including multi-
sensory integration responsible for visual, auditory, and 
tactile information [39, 40]. The indicator of occipital 
activity and neural synchronous were lower in migraine 

patients, and were generally thought to be associated 
with visual aura [41, 42]. We also observed functional 
changes in the occipital cortex in young women with 
migraine without aura. In addition, MIDAS and SF-MPQ 
scores were positively correlated with ALFF values in the 
left middle occipital gyrus at TP1 in Group 1, and SF-
MPQ scores were positively correlated with DC values 
in the right inferior temporal gyrus at TP1 in Group 1. 
We speculated that photophobia or hypersensitivity to 
light during migraine episodes might be related to visual 
and auditory disturbances caused by abnormal spontane-
ous activity of the occipital cortex, which was consistent 
with the reports [43, 44]. There was a study demonstrated 
occipital nerve stimulation to be a potentially effective 
treatment for chronic migraine [44].

The right temporal area serves as an important target of 
acupuncture brain function modulation in young women 
with non-menstrual MwoA
ALFF and DC values showed synchronous decreases in 
patients with non-menstrual MwoA after acupuncture 
intervention, and the relevant brain regions were located 
in the right inferior temporal gyrus, right fusiform gyrus 
and right middle temporal gyrus. This suggests a syn-
chronization of local spontaneous activity and brain net-
work in these patients and demonstrated that the right 
inferior temporal gyrus, middle temporal gyrus and fusi-
form gyrus played important roles in the pathogenesis of 
non-menstrual MwoA. The temporal lobe is reported to 
be involved in a variety of functional processes related to 
sensory processing, memory and language ability [44]. In 
this study, ALFF and DC values of the right inferior tem-
poral gyrus, middle temporal gyrus and fusiform gyrus 
decreased in young women with non-menstrual MwoA 
after acupuncture, reversing its increasing trend in 
migraine without intervention. Migraine was an compre-
hensive disorder with multisensory integration includ-
ing cognition and attention, emotional processing, and 
executive function [45]. The temporal lobe was consid-
ered to be an important nodal pathway for ascending and 

Fig. 4  Correlation analysis between ALFF or DC values and SF-MPQ or MIDAS scores. A SF-MPQ scores were positively correlated with ALFF values of 
the left middle occipital area at TP1 in Group1 (P = 0.015, r = 0.343). B SF-MPQ scores was positively correlated with DC values of right inferior Temporal at 
TP1 in Group 1 (P = 0.008, r = 0.371). C MIDAS scores were positively correlated with ALFF values of the left middle occipital area before acupuncture (time 
point 1, TP1) in Group 1 (P < 0.01, r = 0.827)
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descending pain regulatory signals [46]. Functional and 
structural change in the temporal lobe may trigger a wide 
range of migraine symptoms, such as pain and cognitive 
disorders. The fusiform gyrus was an important part of 
visual identification network, and was also the process-
ing area for auxiliary visual perception. In young women 
with non-menstrual MwoA of spontaneous brain activity 
and brain network abnormality, our results revealed the 
changes in the visual cortex and proved that the fusiform 
gyrus was associated with pain perception and cognitive 
processing. Moreover, spontaneous brain activity and 
corresponding brain network changes were observed in 
young women with non-menstrual MwoA after acupunc-
ture intervention. The affected brain regions were located 
in a component of the right temporal lobe involved in 
higher visual processing, especially in object recogni-
tion and category recognition [47]. Meanwhile, we found 
in young women with non-menstrual MwoA that brain 
regions that are closely related to pain processing, such 
as the prefrontal cortex, insular cortex and anterior cin-
gulate cortex, were at “low threshold”, while visual and 
auditory information, negative emotion and memory 
functions in the temporal lobe were abnormally acti-
vated, which can cause pain transmission,. Acupuncture 
may modulate pain by “suppressing” abnormal activa-
tion in the “low threshold” temporal lobe region and by 
reducing the spontaneous activity of temporal lobe and 
the importance of network node in migraine episodes 
[48]. Changes of spontaneous activity pattern in the fusi-
form gyrus, middle temporal gyrus and inferior tempo-
ral gyrus are involved in pain perception, pain processing 
and multisensory integration, which serve an important 
mechanism of acupuncture in alleviating migraine. Based 
on these findings, we speculate that the right temporal 
lobe may play a key role in the onset of non-menstrual 
MwoA in young women.

In this study, we used the brain imaging studies to 
identify the pain modulation-related key regions of acu-
puncture, including DMN. 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. Recent evi-
dence suggested that DMN can be divided into different 
subnetwork systems that underlie different cognitive 
processes [49, 50]. The temporal parietal junction sub-
network is involved in self-processing and social cogni-
tion [51]. ALFF and DC values of the non-menstrual 
MwoA decreased after acupuncture intervention, and it 
further revealed that acupuncture intervention for non-
menstrual MwoA could restore the integrity of DMN. 
Multiple regions in the DMN could act as brain network 
hubs and play an important role in integration of brain 
information and migraine pathophysiology [52, 53]. In 
particular, the temporal parietal junction subnetwork 

played a greater role in regulating pain emotion. Evi-
dence suggests that chronic pain could not only impaire 
subjects’ ability to control pain, but also alter cognitive 
and emotional regulations of pain, leading to higher pain 
intensity or longer pain duration [54, 55]. We speculate 
that the effects of acupuncture therapy may reverse the 
brain changes associated with chronic pain and gradu-
ally modulate the cognitive and emotional aspects of 
pain. The fusiform gyrus constitutes a pivotal compo-
nent of the visual recognition network, playing a crucial 
role in sophisticated visual processing, particularly in 
the realms of object recognition and category identifi-
cation [48]. Serving as a supplementary region in visual 
processing, the inherent functional activity pattern of the 
fusiform gyrus underwent alterations in patients with 
non-menstrual MWoA following acupuncture interven-
tion. Moreover, previous studies have implicated the fusi-
form gyrus in pain perception and cognitive processing 
[56]. This observation could elucidate the perturbation 
in functional activity within the fusiform gyrus discerned 
in diverse pain disorders [57, 58]. In this study, decreased 
intrinsic connectivity within the fusiform gyrus in non-
menstrual MWoA might provide a neuroanatomical 
basis for interpreting the real acupuncture mechanism. 
This study found that the consistently greater magnitudes 
shown in TP1 compared to TP2 for the analysis of static 
brain activity. It could be attributed to natural variations 
in baseline brain activity. Without an intervention, natu-
ral variability in brain activity could result in greater dif-
ferences between baseline measurements. Moreover, 
it could be attributed to the cumulative effects over the 
entire course of acupuncture sessions at TP2. The imme-
diate response to acupuncture may be more pronounced, 
and as the sessions progress, the cumulative effects may 
stabilize or reach a plateau.

There were some limitations in this study. First, the 
sample size was small and all subjects were female college 
students with relatively mild symptoms. Therefore, cau-
tion should be taken in generalizing our findings to very 
severe migraine patients. Second, the subjects enrolled 
were young women with non-menstrual MwoA, while 
male migraine patients, women younger than 16 years 
or older than 35 years of age with non-menstrual MwoA, 
and women with menorrhagia associated migraine 
were excluded. Therefore, it is necessary in future stud-
ies to optimize the design by increasing the sample size, 
expanding the inclusion criteria, and adding patient fac-
tors such as age and gender for subgroup analysis. Due 
to the strict inclusion criteria and specific intervention 
protocol, the results of this study should be applied with 
caution in migraine patients and patients undergoing 
acupuncture. The future studies recommend the imple-
mentation of longitudinal studies to assess the sustained 
effects of acupuncture over time. This could involve 
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tracking changes in brain activity and clinical outcomes 
beyond the immediate post-acupuncture period to 
evaluate the durability of the observed modulations of 
acupuncture.

Conclusion
Abnormal brain activity in certain brain regions were 
identified in young women with non-menstrual MwoA. 
Acupuncture intervention affects the sensory, emotional, 
memory, visual and auditory perceptions and processing 
areas in this patient population. ALFF and DC values of 
the right temporal lobe may serve as a potential imaging 
biomarker to predict the analgesic effect of acupuncture 
in young women with non-menstrual MwoA.
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