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Background: Acupoint catgut embedding (ACE) has been proven to be effective and safe in the treatment of obesity, but few studies 
have been conducted involving its central mechanisms. Our previous study has demonstrated the effectiveness of Shu-Mu ACE in the 
treatment of abdominal obesity (AO). However, the neurological mechanism of Shu-Mu ACE for weight loss has not yet been 
elucidated. The mechanism of the combination of the Shu and Mu acupoints may be related to the central integrative effects of the 
brain. This paper aims to explore the potential neural mechanisms of Shu-Mu ACE in female patients with AO.
Methods and Analysis: A total of 100 eligible female AO patients and 20 healthy female subjects will be recruited for this study. 
100 AO patients will be randomly allocated to five groups: Shu-Mu ACE (Group A), Shu ACE (Group B), Mu ACE (Group C), sham 
ACE (Group D), and waiting-list (Group E). Treatment will be administrated once every two weeks for 12 weeks. The body mass 
index (BMI), waist circumference (WC), Visual Analog Scales (VAS) of appetite, Self-Rating Anxiety Scale (SAS), and Self-Rating 
Depression Scale (SDS) will be utilized to evaluate the clinical efficacy. Outcomes will be assessed at baseline and at each time point 
of treatment. Multimodal MRI will be performed at baseline and after 12-week treatment and the results will be used to investigate the 
neural mechanisms of ACE for obesity. Neurological changes and clinical data will be analysed for correlation.
Discussions: This study hypothesized that Shu-Mu ACE therapy has a synergistic effect and may treat AO by modulating the 
neuropathological alterations in the brain. Our findings will demonstrate the neurological mechanism of AO treated by “Shu-Mu” 
Acupoint Catgut Embedding and compatibility relation.
Trial Registration: This trial is registered at the Chinese Clinical Trial Registration Center (No. ChiCTR2100048920).
Keywords: acupoint catgut embedding, female, abdominal obesity, Shu-Mu acupoints, compatibility relation, study protocol, 
neurological mechanism
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Introduction
Obesity is an abnormal or excessive fat accumulation that can be detrimental to health.1 Abdominal obesity (AO) is 
a high risk type of obesity characterized by a large accumulation of fat in the abdomen region, which has also been 
considered a high-risk type of obesity.2,3 According to the World Health Organization (WHO), the global prevalence of 
obesity is increasing every year and the overweight and obese populations are expected to reach 2.16 billion and 
1.12 billion by 2030, further increasing the global clinical and public economic burden.4 In addition, obesity is linked to 
more deaths worldwide than being underweight, and AO is considered to be a risk factor for a variety of non- 
communicable diseases such as diabetes, musculoskeletal disorders, cardiovascular diseases, chronic respiratory disease 
and some cancers.1,5,6 According to statistics, more than two-thirds of deaths in China in 2008 can be attributed to 
chronic diseases, and one of the main risk factors is obesity.7

Currently, the treatment methods used in various clinical institutions are largely the same, mainly including diet 
therapy, physical activities, medicine, surgery and complication treatment. However, both diet and exercise require long- 
term habits that can be difficult for patients to stick to.8 Medication can cause many side effects, including nausea, 
insomnia, headaches, abdominal pain, and dysgeusia.9 Surgical treatment can effectively reduce weight, but the 
extremely high safety requirements, high price, strict indications and high incidence of postoperative complications 
limit the spread.10 Acupoint catgut embedding (ACE) is a type of acupuncture in Traditional Chinese Medicine (TCM). 
Clinical studies have shown that ACE has a good effect on obesity.11–13 We have conducted a systematic review and 
Meta-analysis on 43 clinical studies involving 3520 cases of ACE in the treatment of obesity and confirmed that ACE in 
the treatment of obesity has advantages compared with hand acupuncture, drugs, electroacupuncture, and sham 
acupuncture.14 There is also a systematic review and Meta-analysis showing that ACE has a higher effect on abdominal 
obesity, and there are few adverse events.15

The mechanism of the stimulation method of weight loss through acupuncture points has not been fully elucidated by 
current research. Studies have shown that diet control is an effective treatment for obesity.16 Existing neuroimaging 
studies have found that the appetite control network plays an important role in the pathological changes of the obesity 
center through the analysis of structure, function and neural circuits.17,18 Our study has demonstrated that Shu-Mu ACE 
can effectively reduce waist circumference and body mass index (BMI), as well as showing the effect on appetite in 
female patients with AO.19 However, the neurological mechanism of Shu-Mu ACE for weight loss has not yet been 
elucidated. As a classical collocation of acupoints in TCM, Shu-Mu Acupoints have excellent synergistic effects,20 which 
are complementary in clinical applications,21 but the mechanism of the synergistic effect is still not well clarified. We 
hypothesize that Shu-Mu ACE therapy has a synergistic effect and may be useful in treating AO by modulating 
neuropathic changes in the brain.

Therefore, this study aims to carry out clinical trials using multimodal brain imaging technology to (1) elaborate on 
the changes in white or gray matter mass of brain structures and related functional brain regions in AO patients by 
comparing them with healthy individuals and establish a brain imaging model for AO patients; (2) To correlate the 
clinical efficacy of Shumu ACE for AO with the pathological central changes in the brain regions of AO, and to clarify 
the brain network regulation mechanism of Shu-mu ACE on AO; (3) To analyze the respective modulation of AO brain 
structure and function by Shu ACE and Mu ACE, and then compare them with Shumu ACE, respectively, elucidate the 
central mechanism of the synergistic effect of the two Shu and Mu acupoints in combination for the treatment of AO.

Methods and Analyses
Study Design
This randomized sham-controlled, participant-blinded trial will be conducted from September 2021 to December 2023 in 
the Sports Trauma Specialist Hospital of Yunnan Province and the Second Affiliated Hospital of Yunnan University of 
Chinese Medicine. This study will enroll 100 female patients with AO and 20 healthy subjects. Treatment will be 
administrated once two weeks for 12 weeks. The relevant scale assessments and multimodal MRI data acquisition will 
be taken at the corresponding time points specified. A study flowchart is presented in Figure 1. We designed this protocol 
following the guidelines of the Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT)22 (see File 1). 
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The schedule of participant enrolment, intervention, and assessment is illustrated in Table 1. This trial has been approved by 
the ethics committee of the Sports Specialist Hospital of Yunnan Province (ethical approval number: 2021–01), and it has 
been registered at the Chinese Clinical Trial Registration Center, the registration number is ChiCTR2100048920. The 
participants will receive treatment once two weeks for a total of 12 weeks in the four intervention groups except for the 
control group.

Participants
Inclusion criteria for female patients with AO are as follows:

1. Satisfies the diagnostic criteria for abdominal obesity, ①BMI≥28kg/m2; ②female waistline≥80cm;
2. Right handedness;
3. Between the ages of 18 and 40.
4. Educated for≥6 years and able to understand the entire research process;
5. Have signed an informed consent form;
6. Have not participated in another trial within three months.

Figure 1 Flowchart of the study design.
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Exclusion Criteria for female patients with AO are as follows:

1. BMI≥40kg/m2;
2. Obesity that is secondary to endocrine disorders (hypothalamic disorders, gonadal disorders, Cushing’s syndrome, 

pituitary disorders, thyroid disorders, etc.) and medication (antipsychotics or glucocorticoid);

Table 1 Study Schedule for Data Measurements

Timepoint Study Period

Enrolment Allocation Treatment Phase

Week

−1 0 2 4 6 8 10 12

ENROLMENT:

Eligibility screen ×

Informed consent ×

Physical examination ×

Randomization ×

INTERVENTIONS:

Group A (n=20) × × × × × × ×

Group B (n=20) × × × × × × ×

Group C (n=20) × × × × × × ×

Group D (n=20) × × × × × × ×

Group E (n=20) × × × × × × ×

Healthy group (n=20) ×

ASSESSMENTS

MRI parameters × ×

BMI × × × × × × ×

Weight × × × × × × ×

WC × × × × × × ×

VAS of appetite × × × × × × ×

SAS × ×

SDS × ×

TC/TG/HDL/LDL × ×

PARTICIPANTS SAFETY

AE × × × × × ×

Laboratory test × ×

Abbreviations: ACE, acupoint catgut embedding; MRI, magnetic resonance imaging; BMI, body mass index; WC, waist 
circumference; VAS, visual analog scale; SAS, self-rating anxiety scale; SDS, self-rating depression scale; TC, total cholesterol; 
TG, triglycerides (TG); HDL, high-density lipoprotein; LDL, low-density lipoprotein; AE, adverse events.
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3. Those who are pregnant, breastfeeding, or who have had a request to have children in the last 6 months or who 
cannot provide adequate contraception;

4. Diabetes, cardiovascular diseases, mental disorders, immunodeficiency, liver and kidney impairment, blood 
diseases;

5. Nuclear magnetic contraindications (such as metal implant, vascular stents, cardiac pacemakers, false tooth, 
claustrophobia, etc.);

6. Brain with definite organic lesions or significant asymmetry between the right and left skull structures;
7. Obesity surgery history;
8. Those with chronic dysmenorrhea;
9. Bleeds easily, allergic to alcohol or animal protein.

Inclusion criteria for healthy subjects are as follows:

1. BMI: 18.5–23.9 kg/m2;
2. Right handedness, females;
3. Aged between 18 and 40 years;
4. No physical abnormalities during the trial period (eg flu, fever, etc.);
5. No drugs or alcohol for at least 2 days before participation in the trial, and no stimulant drug use for at least 1 

month;
6. Have signed an informed consent form.

Exclusion Criteria for healthy subjects are as follows:

1. Serious primary diseases such as significant cognitive dysfunction, cardiovascular system, brain, hematopoietic 
system, liver, kidney damage and mental disease;

2. Women during pregnancy and lactation;
3. Patients with long-term dysmenorrhea;
4. Brain with definite organic lesions or significant asymmetry between the right and left skull structures;
5. Nuclear magnetic contraindications (such as metal implant, vascular stents, cardiac pacemakers, false tooth, 

claustrophobia, etc.);
6. Has received acupuncture or ACE treatment within 6 months;
7. Transsexual, homosexuality, non traditional sexual orientation, special fetishes, alcohol or drug abuse, etc.

Recruitment
All patients with AO and healthy subjects will be recruited from the two hospitals and the community. Recruitment 
methods mainly include posters, public notice boards and WeChat public numbers in hospitals and communities. 
Researchers will evaluate and screen participants according to the eligible criteria. All participants will be fully informed 
of the study before signing the informed consent form. They can withdraw from the study at any time. The reason for 
withdrawal will be recorded.

Randomization and Allocation
Eligible AO participants will be randomly assigned to groups in equal proportions. The random number will be computer 
generated and sealed in an opaque envelope by a separate researcher Participants will be randomly selected to receive an 
envelope to be allocated a serial number, which will be recorded in the CRF. Only the acupuncturist will be informed of 
the group allocation prior to treatment.
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Blinding
Participants, outcome assessors, and statisticians will all be blinded in this trial. Due to the specific nature of the ACE 
operation, acupuncturists are unblinded throughout the procedure. The allocation of participants will only be revealed in 
exceptional cases such as severe allergies, serious infections, uncontrollable pain, etc.

Interventions
The ACE operation refers to the relevant regulations in the National Standard of the People’s Republic of China 
(GB/T21709.10–2008) “Acupuncture Technical Operation Specification Part 10: Acupoint Catgut Embedding”.23 

Patients in the Shu-Mu ACE (Group A), Shu ACE (Group B), Mu ACE (Group C) and the sham ACE (Group D) 
will receive 6 treatments over 12 weeks (1 every 2 weeks). Patients in the waiting-list (Group E) will not have any 
intervention. During the study period, they will only undergo the same tests and scale assessments as the other 
groups and then receive a further 6 free ACE sessions after 12 weeks. Healthy subjects will not receive any 
treatment during the trial. Brain imaging data will be acquired only once.

Acupoints
According to the TCM theory of strengthening the spleen and resolving dampness, acupoints are selected from Shu and Mu 
acupoints of the spleen, stomach, and large intestine, including BL 20 (Pishu), BL 21 (Weishu), BL 25 (Dachangshu), RN 12 
(Zhongwan), LR 13 (Zhangmen), and ST 25 (Tianshu), with a total of 11 points (see Figure 2). Both Group A and Group 
D selected these acupoints, group B selected 6 Shu acupuncture points, group C selected 5 Mu acupoints, and 6 Shu acupoints 
were selected for Group B and 5 Mu acupoints for Group C. The positioning of the acupoints will be referred to the People’s 
Republic of China in 2006 (GB/T 12346–2006),24 the specific location of acupoints is shown in Table 2 and Figure 2.

Appliance Selection
The embedding needles are made of Huahong brand disposable embedding needles (Jiangsu Huahong Medical 
Instruments Co., Ltd.), the specifications are 7# (diameter 0.7mm, length 55 mm), 8# (diameter 0.8mm, length 
55mm), 9 # (Diameter 0.9mm, length 55mm), 11# (diameter 1.1mm, length 55mm). The medical protein suture uses 
Jinhuan brand medical protein suture (Shanghai Pudong Jinhuan Medical Products Co., Ltd.), the specifications are 2–0 
and 3–0.

Figure 2 Locations of acupoints.
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Operation
Depending on the grouping, patients will be placed in a supine or prone position and the skin around the acupuncture 
points will be routinely disinfected. Use tweezers to take a section of sterilized medical protein suture about 1–3 cm in 
length, place it on the front end of the disposable needle tube, and then connect the needle core. Use the thumb and index 
finger of your left hand to tighten or lift the skin, hold the needle in the right hand, and pierce it to the desired depth. Then 
push the needle core in and withdraw the needle tube outward to fill the medical protein suture in the subcutaneous tissue 
or muscle of the acupoint. Finally, the needle hole is covered with sterile gauze. The four groups are operated in the same 
way, with the Group D differing in that no medical protein suture is placed in the embedding needles.

Multimodal Data Acquisition
Multimodal data will be acquired within 1 week prior to treatment and within 1 week after 12 weeks of treatment. All 
participants will be scanned under GE 750W 3T MRI and collected using 16-channel head coils. During the scans, 
participants lie on their backs in the scanner with earplugs in their ears to dampen the noise, remain awake, relax, and 
avoid systematic thinking throughout the procedure.

The high-resolution T1 BRAVO sequence, the parameters are as follows: TR = 7.7 ms, TE = 3.6 ms, matrix = 228 × 228, 
FOV = 250 mm × 250 mm, 230 axial slices, acquisition time = 6 min 53s. Diffusion tensor image sequence, the parameters are 
as follows: TR = 7173 ms, TE = 78 ms, matrix = 115 × 115, FOV = 230 mm × 230 mm, 50 axial slices, slice thickness = 3 mm, 
b value = 1000, diffusion directions = 32, acquisition time = 9 min 7 s. In addition, the axial T2-weighted MR image will also 
be collected. The parameters used are as follows: TR = 2500 ms, TE = 80 ms, matrix = 332 × 225, FOV = 250 mm × 220 mm, 
slice thickness = 6 mm, 18 axial slices, acquisition time = 55s.

During the scan, if the participants complain of discomfort it will be terminated. MRI scans will be performed by the 
same technician using the same machine. The quality of the images and compliance with procedures are reviewed by 
a professional staff member after each scan. They are all highly qualified radiologists who are proficient in MRI.

Outcome Measures
Primary Outcome Measures
BMI Data 
Changes in BMI will be assessed at baseline, week 2, 4, 6, 8 and 12. The calculation formula of BMI is BMI = weight 
(kg) ÷ height 2 (m2). The method of height measurement is as follows: the subject stands upright with his heels close to 
the measuring scale, and the shoulders and buttocks are also close to the measuring scale. The weight measurement 
method was as follows: the subject has an empty stomach, takes off his shoes, and only wear light clothes. Using the 
calibrated lever-type weight scale, the subject relaxed and stood upright in the middle of the chassis of the scale. The 

Table 2 The Location of Acupoints

Acupoints Location

Shu acupoints Pishu (BL20) In the upper back region, at the same level as the inferior border of the spinous process of the 11th thoracic 
vertebra (T11), 1.5 B-cun lateral to the posterior median line.

Weishu 

(BL21)

In the upper back region, at the same level as the inferior border of the spinous process of the 12th thoracic 

vertebra (T12), 1.5 B-cun lateral to the posterior median line.
Dachangshu 

(BL25)

In the upper back region, at the same level as the inferior border of the spinous process of the 10th thoracic 

vertebra (T10), 1.5 B-cun lateral to the posterior median line.

Mu acupoints Zhangmen 
(LR13)

On the lateral abdomen, inferior to the free extremity of the 11th rib.

Zhongwan 

(RN12)

On the upper abdomen, 3 B-cun superior to the centre of the umbilicus, on the anterior median line.

Tianshu 

(ST25)

On the upper abdomen, 2 B-cun lateral to the centre of the umbilicus.
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researcher reads the cursor indication number on the lever scale, and the measured number was accurate to 10 grams, and 
then weighed the shoes and clothes. The final weight is equal to the total weight minus the weight of the shoes and 
clothes, in kilograms (kg).

Secondary Outcomes
Secondary outcomes include waist circumference (WC), Visual Analog Scales (VAS) of appetite, Self-Rating Anxiety 
Scale (SAS), Self-Rating Depression Scale (SDS), total cholesterol (TC), Triglycerides (TG), high-density lipoprotein 
(HDL) and Low-density lipoprotein (LDL). Changes in WC and VAS of appetite will be assessed at baseline, week 2, 4, 
6, 8, 10 and 12. Changes in SAS and SDS will be assessed at baseline and after 12 weeks.

The measure of WC: take the midpoint between the lowest rib and the iliac crest and measure twice with a standard 
tape measure and then take the average.

Appetite measurement: The VAS of appetite of Canadian E Doucet scholars25 will be used, including the desire to eat, 
hunger, satiety and willingness to eat VAS, with a total score of 10, 0: no feeling, very little intake; 1–3: mild, little 
intake; 4–6: moderate, moderate intake; 7–10 strong feeling, huge intake. The appetite VAS scale is shown in Figure 3.

The SAS and SDS scale scores will be used to assess ratings of anxiety and depressive states over the past 7 days to 
determine whether changes in brain areas are influenced by emotional factors. Both scales consist of 20 entries and are 
divided into four levels. A score of <50 indicates no symptoms, 50–59 indicates minimal to mild symptoms, 60–69 
indicates moderate to significant symptoms, and ≥70 indicates severe symptoms.

Other outcomes, including heart rate (HR), blood pressure (BP), TC, TG, HDL, and LDL levels, will be tested at 
baseline and after 12 weeks.

MRI Data
In this study, the original data was first converted to Nifti format by using the Dcm2nii software in the Micron software 
package. Then, the PANDA toolbox26 (http://www.nitrc.org/projects/panda/), an integrated toolbox, is used to preprocess 
the diffusion tensor imaging (DTI) data and construct the brain structural networks. Besides, network properties analysis 
was performed using the GRETNA toolbox27 (www.nitrc.org/projects/gretna) and visualized by using the BrainNet 
Viewer toolbox28 (www.nitrc.org/projects/bnv).

Structural Network Construction
We used the MATLAB-based open source software PANDA for the network construction.26 In this study, the structural network 
procedures we constructed were as follows: (1) The basal ganglia region of the autopsy marker 116 template was removed to 

Figure 3 The scale of VAS of appetite.
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make template A.29 (2) The atlas of the basal ganglia,30,31 including striatum, external globus pallidus, globus pallidus interna, 
red nucleus, substantia nigra, and subthalamic nucleus were assembled, with the overlaps removed, to make template B; (3) 
Template A and template B were added, and each brain region was numbered. Finally, we obtained a brain template containing 
124 brain regions. A single T1-weighted image was co-registered with the b0 image in DTI native space using the affine 
transformation. The transformed T1 images were normalized to the T1 template in MNI space by a non-linear. Templates of 124 
brain regions were warped into DTI raw space. Diffusion MRI mapping was then performed to calculate all mappings in the DTI 
dataset. In this process, the atlas was terminated by seeding each voxel with fractional anisotropy (FA) > 0.2 if the turn angle was 
>45 degrees or if a voxel with an anisotropy coefficient <0.2 was reached. As a result, all fiber pathways between the ROIs were 
constructed using a deterministic bundle plot approach. For the weight of the edge between each pair of ROIs i and j, we will 
define this in terms of the number of connecting fiber streamlines (FN) in the two regions. Therefore, a fan FN-weighted 124×124 
structural connectivity matrix can be constructed for each participant, and the same applies to the FA-weighted structural 
connectivity matrix.

DTI Data Preprocessing
In brief, preprocessing procedures for DTI data included skull-stripping, eddy-current and head-motion correction, FA 
calculation and whole-brain deterministic DTI fiber tractography.32 FA was calculated in this preprocess. Besides, whole- 
brain fiber tractography will be reconstructed by seeding at every voxel in the brain and using fiber assignment with 
continuous tracking (FACT) algorithm.33 From the deep WM region, the algorithm calculates fiber trajectories terminat-
ing in voxels with a turning angle greater than 45° or arriving at an FA less than 0.15.

Graph Theoretical Analysis of Structural Brain Networks
In this study, we mainly calculate global network characteristics and local network characteristics to better characterize 
the brain structural network topology changes, by using graph theoretical analysis.34 The global network characteristics 
include clustering coefficient (Cp), characteristic path length (Lp) and “small-world” network attributes (σ), global 
efficiency (Eglob), and local efficiency (Eloc); and local network parameters mainly include node efficiency (Enodal).

Safety Evaluation
ACE-associated side effects such as allergic reactions to the protein suture, local redness, itching, fever, or even protein 
suture spillage or fat liquefaction at the acupoints after treatment. When adverse events occur, the time of occurrence, 
symptoms, severity, treatment measures, and time to resolution will be recorded in detail and their relevance to the 
treatment will be assessed. The doctor will decide whether to suspend the study based on the condition. Serious adverse 
events will be reported to the Medical Ethics Committee of Yunnan Sports Trauma Specialist Hospital by the person in 
charge within 24 hours.

Data Management and Quality Control
The outcome assessor will fill in the initial data in the CRF and enter them into an Excel sheet. The ACE, neurologist and 
statistician will conduct several reviews of the experimental protocol. To ensure consistency of observations, all 
observations are performed according to the relevant standards. Laboratory test results must be printed on a computer. 
To ensure the smooth running of the study, the study director should provide uniform training to all study staff before the 
study starts, and provide detailed operational training on the project implementation plan and observation indicators to be 
familiar with the study process and specific implementation details to ensure the reliability of the study findings. The 
project leader should supervise and check the entire research process, confirming that all research data recording and 
reporting and case report forms are true, accurate and complete and that they are consistent with the original data. Any 
deviation from the protocol will be reported to the Ethics Committee who will ultimately decide whether we must change 
the protocol or terminate the trial.

Finally, to promote participant compliance, all treatments and tests will be provided free of charge. For those in the 
sham ACE group participants will also be able to continue with 6 free ACE treatments after the trial if they wish.
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Sample Size
There is no consensus on the sample size for neuroimaging studies at present. A sample size evaluation of an MRI 
suggested that the minimum sample size (n=12) for MRI studies can achieve 80% power for typical activation at the 
single-voxel level.35 A sample size of 12–24 individuals per group is a reasonable sample size to obtain brain functional 
analysis.36 Therefore, we took 18 samples for each group, considering the dropout rate of 10%, each group included 20 
cases, for a total of 100 female AO patients and 20 healthy subjects.

Statistical Analysis
Clinical Data Analysis
Statistical analyses will be performed using the statistical software SPSS 26.0 Statistics (SPSS Inc., Chicago, IL, USA). 
Percentages or proportions will be used to describe qualitative data, using the chi-square (χ2) test. Data will be expressed 
as mean ± standard deviation for quantitative data. For continuous variables, a one-way analysis of variance (ANOVA) 
will be used. For longitudinal and repeated measures data, analysis of variance (ANOVA) with repeated measures will be 
used. All clinical data will be analysed in association with imaging data after conversion to domain Z-scores. Missing 
data for dropped participants will be imputed using multiple imputations. All analyses will be performed using a two- 
sided test, with a p-value < 0.05 being considered statistically significant.

MRI Data Analysis
The structural MRI (sMRI) data will be analysed using the voxel-based morphometry (VBM) toolbox within SPM12. 
These steps include interlaminar time difference correction, spatial difference correction, head motion correction, 
normalisation and Gaussian smoothing. During head motion correction, images of subjects with translations of less 
than 1 mm and rotational movements of less than 2° will be involved in the subsequent analysis. MRI data will be 
analysed using PANDA, GRETNA and BrainNet Viewer toolboxes and SurfStat. These steps involve removing the high- 
frequency component through band-pass filters, removing the average signal from the whole brain as well as the signal 
from the ventricles and white matter, and then registering the data into the surface space of FreeSurfer. Multiple 
comparison correction will be used for each brain regions measured. Differences between brain regions in each group 
will be analysed using t-tests and repeated measures ANOVA. Correlations between MRI data and clinical variables will 
be analysed using Pearson correlation. Comparisons between groups will be ANOVA and Wilcoxon ranking sums (if 
normality is not met).

Discussion
The Pathological Central Mechanism of Obesity
In the study of brain structure imaging, it is found that obese patients have changes in the structure of most functionally 
related brain regions, accompanied by certain changes in white or gray matter mass. An analysis of 690 obese men’s 
brain magnetic resonance imaging voxel-based morphology (VBM) found that the brain has extensive gray mass 
changes. Among them, the gray mass in the medial temporal lobe, anterior cerebellar lobe, occipital lobe, frontal lobe, 
precuneus, and midbrain are negatively correlated with BMI, while low frontal gyrus, posterior cerebellar lobe, temporal 
lobe, thalamus and caudate nucleus are positively correlated with BMI.37 Studies have also found that the BMI of elderly 
female obese patients is correlated with the decrease of gray mass in brain areas such as the left orbital lobe, right lower 
frontal lobe, right anterior central gyrus, hippocampus, spindle, and right cerebellum, as well as the increase of white 
mass in the frontal lobe, temporal lobe and apical lobe.38 A study combining VBM to analyze the brain DTI of obese 
patients showed that some of its anisotropy values, average diffusion rate, white and gray mass were lower than those of 
normal people, and showed a negative correlation with body fat rate. Among them, AO is more negatively correlated 
with gray matter density. The functional areas of these changes are mainly rewarded control and appetite areas.39

According to the analysis of neural circuit models and a large number of obesity central researches, the central brain 
network response mechanism of obesity is the following four important loops: learning-memory, reward-prominence, 
motivation-drive, and inhibition-control. In this network, the learning-memory processing center processes related 
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signals, reward-prominence loop, and motivation-drive loop are activated to issue instructions to reduce the activity of 
the inhibitory-control loop. These four loops together constitute the core pathological center area of the obesity 
network.17,18

Appetite Control Network Plays an Important Role in the Pathological Changes of the 
Obesity
Neuroimaging studies have found that the appetite control network plays an important role in the pathological changes of 
the obesity center through the analysis of structure, function and neural circuits.17,18 In functional brain neuroimaging 
studies of the brain, food picture induction, feeding, and animal experiments have been confirmed that the core brain 
areas related to obesity are mainly related to reward, emotion and memory, self-balance regulation, motor and sensory 
processing, cognitive control and attention.40 The use of high-energy food pictures and non-food pictures for visual 
stimulation found that obese patients more than normal people activate the dorsal striatum, insula, lateral prefrontal 
cortex, orbital prefrontal cortex, posterior cingulate and other processing related to reward expectation, taste processing, 
and emotional motivation.41 The use of food odors and non-food to stimulate, the insula, taste area, cingulate and other 
border systems, and reward areas are also activated.42 After meals, the areas of increased cerebral blood flow in obese 
patients and normal-weight people are the prefrontal cortex, the decreased areas are the limbic system/paralimbic system, 
temporal lobe, occipital cortex, and cerebellum, and the attenuation areas of cerebral blood flow in obese patients are 
hypothalamus and thalamus.43 Animal experiments also prove that these core brain areas are closely related to the 
functional response of the obese brain. For example, deep brain stimulation of the lateral hypothalamus in mice can 
inhibit food intake. At the same time, deep brain stimulation will increase the metabolism of the papillary body, 
hippocampus, and amygdala, while the metabolism of the thalamus, caudate nucleus, temporal lobe, and cerebellum 
will decrease.44–46

Multimodal MRI is an Effective Approach to Investigate the Neural Mechanism of ACE 
for Weight Loss
A combination of two or more MRI scans is referred to as multimodal MRI. The three most commonly used 
neuroimaging modalities in acupuncture-related studies are functional MRI, sMRI, and DTI.47 MRI, which uses atomic 
nuclei resonating in a magnetic field to produce image signals that can be processed to study central structural and 
functional changes, is a non-invasive, non-invasive detection technique that can be used to study central mechanisms in 
patients with AO. It is a good means to explore the acupuncture point effect from the central function and structure.48 

Previous studies on the central mechanism of acupuncture intervention in obesity have shown that acupuncture can 
activate or even change the function and structure of obesity-related brain regions. For example, the immediate effect of 
electroacupuncture to stimulate the Zusanli (ST36) and Neiting (ST44) in obese patients can induce the activation or 
negative activation of the frontal lobe, temporal lobe, thalamus, hippocampus and other brain regions related to obesity 
circuits.49 The hypothalamus related areas also changed after acupuncture treatment for obesity.50 In addition, related 
studies have shown that acupuncture treatment of obesity can change the volume of gray matter and white matter in the 
relevant brain regions of obese patients. After acupuncture treatment, the gray matter volume of the right superior frontal 
gyrus and posterior cerebellar vertebrae decreased, and the gray matter volume of the right central anterior gyrus 
increased. At the same time, the volume of white matter in the fusiform gyrus, pontine, and anterior central gyrus of 
the subiculum hippocampi decreased, and the white matter volume of the right precuneus was increased.51

Existing researches on the central imaging mechanism of ACE therapy for weight loss have factors such as small sample 
size, lack of clinical biological information, and single research and analysis methods, which cannot be discussed from the 
central network. The central network effect mechanism of ACE therapy for weight loss has not been clarified yet. Our 
previous study has demonstrated the effectiveness of ACE in treating obesity, and this study will continue to explore the 
promising mechanisms of Shu-Mu ACE treatment for patients with AO by using multimodal MRI techniques.

For our inclusion of only females in the study, in addition to the higher prevalence in females, the differences in the 
structure and function of the brain regions in men and women is also a factor we considered.52 The sham ACE group was 
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set up to reduce as much as possible the interference of other complex factors in the brain function imaging analysis. The 
waiting-list group was set up to consider the diversity of dietary types in the Chinese and to see if differences in diet 
affected brain imaging without intervention. Studies have shown that the mechanism of action of the collocation of 
acupoints correlates with the central integrative action of the brain.53–55 We added separate Shu and Mu groups to the 
grouping to observe the difference in efficacy between the two groups of acupoints used together and separately, and also 
to provide a basis for validating the classical acupoint theory and the synergistic effect mechanism of acupoints in TCM. 
In addition, the brain function imaging of patients with gastrointestinal diseases accompanied by anxiety and depression 
is significantly different from normal subjects,56 hence we included the SAS and SDS scales as secondary observations to 
differentiate and exclude this confounding factor.

The combination of Shu and Mu acupoints is one of the classical methods of acupuncture, which is mainly used to 
treat metabolic diseases of the internal organs in clinical practice. According to TCM’s identification theory, obesity is 
caused mainly by the malfunction of the spleen, stomach and large intestine, so we choose the Shu and Mu acupoints of 
the three internal organs as the prescription for treatment. Our bibliometric analysis of 175 ACE treatments for obesity 
also found that the existing high-frequency acupoints for ACE for obesity are mainly the Shu-Mu acupoints of the spleen, 
stomach and large intestine.57

This study is the first to explore the neurological mechanism of Shu-Mu ACE in the treatment of AO functionally and 
structurally by using multimodal MRI. Secondly, this study subdivided the Shu-Mu group of acupoints into two separate groups, 
the Shu group and the Mu group, which could provide evidence to demonstrate the mechanism of synergistic effect of acupoints. 
Finally, the design of this trial’s sham buried and wait-for-treatment groups will minimise differences in the central nervous 
effects of the intervention; contact between participants in the different groups will be avoided in order to maintain the success of 
the blinded approach. Outcome assessors and statisticians will also be concealed from group allocation. These methods were 
constructed to reduce possible bias in the results.

Limitations of this study are as follows. First, because of the specific nature of ACE treatment, it will be difficult to 
blind the acupuncturist. Acupuncturists are not blind to subgroup situations and their attitudes for or against interventions 
may inevitably transfer to participants. Second, this study included only one centre and its reproducibility needs to be 
assessed with more centres. Third, due to the limited funding of this study, other types of obesity are not studied, the 
sample size of the groups was relatively small and no follow-up period was set.

In summary, our trial aims to investigate the mechanisms of brain network modulation by Shu-Mu ACE on AO, and 
the synergistic mechanisms of the central network in Shu and Mu ACE for AO. These findings will provide feasible data 
and basic information to reveal the mechanism of ACE and compatibility relation in the treatment of AO.

Ethics and Dissemination
This study will be conducted in accordance with the Declaration of Helsinki. This protocol involving clinical trials was 
reviewed and approved by the Ethics Committee of the Sports Trauma Specialist Hospital of Yunnan Province. All 
participants will provide written signed informed consent to participate in this study. This trial is registered at the Chinese 
Clinical Trial Registration Center (No. ChiCTR2100048920). Results will be published in peer-reviewed journals and 
disseminated at academic conferences.
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