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Background: Abdominal obesity is a major risk factor for metabolic diseases and certain cancers. Although lifestyle intervention is 
the cornerstone of treatment, maintaining weight reduction is challenging. Electroacupuncture (EA) has shown potential in improving 
abdominal obesity, but its underlying mechanisms remain unclear.
Objective: This randomized controlled trial evaluates the efficacy of electroacupuncture combined with lifestyle intervention for 
reducing waist circumference in adults with abdominal obesity, and explores potential mechanisms through lipidomics and intestinal 
microbiota analyses.
Methods: The studies were performed in Hubei Provincial Hospital of Traditional Chinese Medicine between July 2020 and 
March 2023. Sixty-eight patients with abdominal obesity and 34 matched – healthy controls (HC) were recruited. After randomization, 
patients with abdominal obesity received an 8-week EA treatment or sham electroacupuncture (SA) treatment followed by 24-week 
follow-up. The change of waistline was to evaluate the efficacy of EA. Serum and stool specimen of EA group (pre- and post- 
treatment) and HC were collected for lipid metabolism markers and intestinal microbiota analysis.
Results: Compared with baseline, the difference of waistline between EA and SA was 7.38 (95% CI, 2.88 to 11.87; P = 0.002) cm at 
the end of treatment (week 8) and 8.99 (95% CI, 4.48 to 13.50; P < 0.001) cm at the end of follow-up (week 32), respectively. 
Lipidomic analysis indicated that some lipid species previously found to differ between patients with abdominal obesity and healthy 
controls showed a trend toward reversal after EA treatment. Microbiota analysis showed that EA did not significantly alter overall 
richness, but the abundance of certain taxa changed, particularly Akkermansia muciniphila.
Trial Registration: ClinicalTrials, NCT04957134. Registered 30 June 2021, https://clinicaltrials.gov/study/NCT04957134?term= 
NCT04957134&rank=1.
Conclusion: Our findings suggest that electroacupuncture is effective and safe in reducing waistline in patients with abdominal 
obesity. These results provide preliminary evidence that its benefits may be related to changes in lipid metabolism and intestinal 
microbiota, although further studies are warranted.
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Introduction
Abdominal obesity, characterized by excessive fat around the organs in the abdomen, is a significant risk factor for various 
metabolic and chronic diseases.1 Evidence has shown that the abdominal obesity plays a more crucial role in the pathogenesis 
of other metabolic diseases and certain chronic diseases.2–4 Research, including meta-analyses, has highlighted its association 
with increased risks of colorectal and gastroesophageal cancers.5,6 Moreover, each 10 cm increase in waistline has been linked 
to an 11% higher risk of all-cause mortality.7 In response to these findings, the International Atherosclerosis Society and the 
International Chair on Cardiometabolic Risk Working Group have recommended that waist circumference be regarded as 
a ‘vital sign’ for assessing obesity-related health risks in routine clinical practice.8 Therefore, implementing effective strategies 
to reduce abdominal obesity is essential for improving overall health outcomes.

The European, American, and Chinese Endocrine Societies all emphasize that lifestyle interventions, including 
behavioral therapy, dietary modifications and physical exercise, remain the cornerstone of weight management.9–11 

However, it demands high self-discipline and sustained efforts over at least six months to achieve significant improve
ments in body weight control.12,13 Moreover, studies on lifestyle intervention have shown that maintaining weight 
stability can be challenging, particularly when obesity is accompanied by metabolic changes.14

Preliminary studies have shown encouraging results regarding the efficacy of electroacupuncture (EA) in addressing 
abdominal obesity.15,16 A recent randomized controlled trial found that twice-weekly EA effectively reduced waist 
circumference in individuals with abdominal obesity, however, objective assessments such as lipid metabolism markers 
were not evaluated.17 Furthermore, a 2022 meta-analysis summarized the existing evidence on acupuncture for abdom
inal obesity, indicating potential benefits in reducing waist circumference and body weight, with only mild adverse events 
reported; however, the overall certainty of the evidence was very low due to methodological limitations and suboptimal 
study design.18 These findings highlight the need for well-designed, high-quality randomized controlled trials incorpor
ating objective measures to rigorously evaluate the clinical efficacy of EA.

Obesity is associated with dyslipidemia and intestinal microbiota dysbiosis. Dyslipidemia is highly prevalent among 
individuals with obesity, affecting approximately 60–70% of patients.19 Lipids are a diverse class of hydrophobic organic 
compounds, encompassing cholesterol, fats and oils, and phospholipids.20 They serve essential functions in biological 
systems, such as energy storage and supply, constituting the structural framework of cellular membranes, and participat
ing in signal transduction and various physiological regulatory processes.19,20 Prolonged energy surplus increases the 
synthesis of fatty acids and triglycerides, forming cytosolic lipid droplets stored in adipose tissue, leading to adipocyte 
hypertrophy and hyperplasia, and ultimately resulting in obesity.20

The intestinal microbiota is often conceptualized as a “virtual organ”, and its dysbiosis is closely associated with the 
development of metabolic diseases. Patients with obesity typically exhibit decreased microbial diversity, altered proportions of 
dominant taxa, and significant correlations between specific bacterial groups and clinical metabolic parameters.21–23 Under 
pathological conditions, microbiota-derived metabolites such as lipopolysaccharides (LPS) may translocate into the circulation 
through a compromised intestinal barrier, triggering inflammatory responses that disrupt lipid metabolism and contribute to lipid 
metabolism–related disorders. In contrast, short-chain fatty acids (SCFAs) can promote the secretion of glucagon-like peptide-1 
(GLP-1), thereby enhancing satiety and improving insulin sensitivity.22 Moreover, other microbial metabolites, including 
secondary bile acids, act as signaling molecules that regulate glucose and lipid metabolism through receptors such as FXR 
and TGR5, ultimately influencing the development of metabolic diseases such as obesity.23

Especially, recent studies have highlighted that changes in the composition of intestinal microbiota can contribute to 
metabolic disorders, such as disturbances in lipid metabolism, which are implicated in obesity.24–27 Obese individuals 
often exhibit significant metabolic alterations compared to lean individuals, potentially influenced by specific intestinal 
microbial species associated with obesity and its metabolic complications.28 This underscores the synergistic role of 
intestinal microbiota and lipid metabolism in the pathophysiological process of obesity.

Experimental studies have demonstrated that EA can reserve disordered intestinal microbiota in obese models, thereby 
ameliorating obesity. This effect is characterized by an increase in beneficial bacteria such as Bacteroidota and 
Actinobacteria, and a reduction in harmful bacteria such as Firmicutes, shifting the microbial composition toward that of 
normal mice.29–31 To date, no studies have combined microbiota analysis and lipidomics to investigate the effectiveness of 
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EA and elucidate its potential underlying mechanism by which it regulates lipid metabolism. However, whether EA alleviates 
abdominal obesity by modulating intestinal microbiota and lipid metabolism remains unclear. To address this gap, we 
conducted a randomized controlled trial to evaluate the efficacy of EA compared with sham EA. In addition, we analyzed 
serum lipid metabolism markers and intestinal microbiota from EA-treated patients (pre- and post-treatment) and healthy 
controls, aiming to explore the potential mechanisms underlying the effects of EA on abdominal obesity.

Methods
Study Design
This study was performed at Hubei Provincial Hospital of Traditional Chinese Medicine, from July 22, 2021 to 
March 15, 2023 and adhered to rigorous ethical standards. The protocol received approval from the Hubei 
Provincial Hospital of Traditional Chinese Medical Ethics Committee (HBZY2021-C12-01). The study was 
performed abiding by the Declaration of Helsinki. Additionally, the study was registered on ClinicalTrials.gov 
with identifier NCT04957134. Detailed protocols and the statistical analysis plan can be found in Supplemental 
Study Protocol. Informed consents were obtained from each participant (patients with abdominal obesity and HC). 
The study followed the guidelines set forth by the Consolidated Standards of Reporting Trials (CONSORT) and 
the Standards for Reporting Interventions in Clinical Trials of Acupuncture (STRICTA).32,33 Participants were 
recruited through advertisements to ensure transparency and clarity in the enrollment process.

Participant
Patients with Abdominal Obesity
The inclusion criteria of patients with abdominal obesity were as follows: (1) men or women aged 18 to 55 years. 
(2) diagnosis of abdominal obesity, defined as waistline ≥ 85cm in men or ≥ 80cm in women.9 (3) voluntarily 
signed informed consent accepting EA intervention. The exclusion criteria were as follows: (1) Endocrine diseases 
that can cause obesity, such as polycystic ovary syndrome, Cushing syndrome, or hypothyroidism. (2) Using 
medications known to interfere with glycometabolism or lipid metabolism. (3) Diabetes mellitus or poorly 
managed hypertension (systolic blood pressure ≥ 160 mmHg and/or diastolic blood pressure ≥ 100 mmHg).34 

(4) Severe internal diseases such as serious lung, heart, liver, or kidney disease; nervous system diseases or mental 
disorders. (5) Women who were pregnant, lactating, or planning to become pregnant within the next 32 weeks. (6) 
Clinical diagnosis of an eating disorder such as bulimia nervosa or anorexia nervosa. (7) Weight changes greater 
than 5 kg in the previous 3 months or use of drugs known to influence weight or appetite within the same period 
(eg, diet pills, corticosteroids, antidepressants, diazepam, non-selective antihistamines, nicotine replacements, or 
hypoglycemic drugs). (8) Plans to quit smoking or drinking. (9) Participation in other clinical research on obesity 
within the previous 3 months. (10) Received acupuncture within 6 months before enrollment.

HC
Age- and sex-matched HC were recruited. All of them provided the medical report confirming the absence of 
organic diseases (within 6 months) as well as drug use history that may affect intestinal microbiota (within 3 
months). The inclusion criteria of patients with abdominal obesity were as follows: (1) No organic or functional 
diseases in the past; (2) No cold or other abnormalities in the near future; (3) Males and females aged between 18 
and 55 years old; (4) Males’ waist circumference < 85cm or females’ waist circumference < 80cm; (5) Patients 
without mental illness; who has not participated in other clinical studies recently; who sign the informed consent and 
voluntarily accept the project. Exclusion criteria for the HC group were the same as those applied to abdominally 
obese participants.35

Randomization and Blinding
In this study, an independent programmer who did not contact with participants generated the randomization sequence 
using SAS 9.4 (SAS Institute Inc., Cary, NC, USA). The sequence was securely kept in sequentially numbered, opaque, 
sealed envelopes (SNOSE),36 which were prepared in advance by a researcher not involved in participant enrollment or 
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outcome evaluation. Following baseline assessments, eligible patients were randomized in a 1:1 ratio into two groups: the 
EA group, receiving real electroacupuncture treatment, and the SA group, receiving sham electroacupuncture treatment, 
according to the randomization sequence within the envelopes. Throughout the study, patients remained blinded to their 
assigned group. The envelopes were opened sequentially and only after the participant had been fully enrolled and 
completed baseline data collection, by a study coordinator who was not involved in outcome assessments and was 
blinded to the treatment codes. This procedure ensured strict allocation concealment and prevented prediction of future 
assignments. After allocation, experienced acupuncturists, who were not involved in outcome assessment or data 
analysis, conducted the respective interventions. Each treatment session occurred in a private setting with patients 
wearing eye masks and no communication among them to prevent unblinding. At the end of the 8-week intervention, 
patients were asked to guess their group assignment to assess blinding efficacy.37 Clinical assessments of participants 
were performed by independent assessors who were blinded to the group allocations. Apart from the acupuncturists, all 
other researchers and participants remained blinded throughout the study. This approach ensured rigorous blinding 
procedures and minimized bias in outcome assessment.

Interventions
The study spanned 32 weeks, comprising an 8-week intervention phase followed by a 24-week follow-up period. All 
participants were instructed to keep healthy lifestyle habits such as regular exercise and healthy diet. Based on body 
weight, participants were instructed to follow a calorie-restricted diet: those weighing less than 250 pounds were advised 
to consume 1200–1499 kcal/day, while those over 250 pounds were recommended 1500–1800 kcal/day. The diet 
consisted of traditional foods, with approximately 15–20% of total calories from protein, 20–35% from fat, and the 
remainder from carbohydrates. Participants were also instructed to track their daily food and calorie intake. Regarding 
physical activity, they were encouraged to engage in at least 180 minutes per week of low-to-moderate intensity exercise 
(such as walking), preferably reaching 225 minutes or more across at least five days each week.38 To objectively assess 
adherence, all participants were provided with diet and physical activity diaries and asked to record their dietary intake 
and physical activity each week. Participants whose mean daily caloric intake and cumulative weekly physical activity 
duration met the recommended standards were classified as having good dietary and exercise adherence, respectively.

EA and SA interventions were administered by 2 acupuncturists, each with over 5 years of experience in acupuncture 
techniques. To maintain trial quality, both research assistants and acupuncturists underwent a training session conducted by 
the principal investigator prior to the commencement of the study. Both patients in the EA group and SA group received 
a total of 24 treatment sessions, with each session lasting 30 minutes. These sessions were administered over 8 consecutive 
weeks, amounting to 3 sessions per week, typically every other day. Disposable needles from Hwato (Suzhou, China) and 
the SDZ-V electro-stimulator from Suzhou Medical Appliance Co., Ltd. were utilized for acupuncture procedures.

Patients in the EA group received treatment at the bilateral acupoints of Zusanli (ST36), Sanyinjiao (SP6), Zhongwan 
(CV12), Tianshu (ST25), Shuifen (CV9), Daheng (SP15), Daimai (GB26), Shuidao (ST28), Huaroumen (ST24), Fujie 
(SP14) and Shuifen (CV9). The selection of these acupoints and electroacupuncture parameters was based on our 
previous research findings and the extensive clinical experience of our team.39 The location of all acupoints were set 
according to the World Health Organization standard. During treatment, patients were positioned supine, and acupuncture 
needles measuring 0.30 × 50 mm or 0.35 × 75 mm were inserted slowly and vertically into the selected acupoints, 
typically to a depth of 10 to 30 mm. The needles were manipulated by techniques such as twirling, lifting, and thrusting 
to achieve deqi, characterized by sensations of soreness, heaviness, and distension. After deqi was achieved, paired 
electrodes from an electroacupuncture stimulator were connected transversely to the needle handles at bilateral ST25 
(anode) and SP15 (cathode). A disperse-dense wave with alternating frequencies of 10 and 50 Hz was delivered for 
30 minutes. The intensity of the current was adjusted according to the participant’s tolerance and subjective sensation (eg, 
aching, tingling), typically ranging from 0.1 to 1 mA, but always kept below the pain threshold. If a participant 
experienced pain or discomfort, the intensity was immediately reduced to ensure both safety and comfort.

For the SA group, disposable sterile acupuncture needles (0.30 × 50 mm or 0.35 × 75 mm) will be inserted 
superficially (approximately 2–3 mm in depth) at “placebo acupoints”, which are located approximately 1 cun 
(≈20 mm) lateral to the corresponding real acupoints used in the EA group. No manual stimulation will be performed, 
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and the procedure will not elicit the Deqi sensation.40 Similar to the EA group, paired electrodes were attached from 
a specially constructed electro-stimulator to the needle holders placed at sham acupoints ST25 and SP15. When 
activated, the electro-stimulator in the SA group displayed the same working power indicator as in the EA group. 
However, internally, the output power cord of the EA stimulation instrument was interrupted to ensure no actual electrical 
stimulation was delivered. For visual reference and clarity regarding the location of acupoints and electrode placement, 
please refer to Supplemental Study Protocol.

Measurements and Outcomes
Throughout the study, patients with abdominal obesity participated in clinical assessments, specimen collection, and 
recording any adverse events that occurred during the procedure. In contrast, HC only underwent clinical assessments 
and specimen collection at baseline.

Clinical Assessment
Outcomes were measured by blinded assessors. Measurements of waistline, weight, BMI, hipline, and Waist-Hip Ratio 
(WHR) were conducted at several time points: baseline, week 4, week 8 (primary endpoint), week 20, and week 32. 
Additionally, participants completed the IWQOL-Lite and Kessler 10 scales at specific intervals: baseline, week 8, week 
20, and week 32. In this study, we set the primary outcome as the change of waistline from baseline to week 8.

Adverse Events
Adverse events were monitored throughout the trial and recorded at all assessment time points. Safety evaluation related to EA 
includes needle breakage, needle loss, needle fainting, unbearable acupuncture pain (VAS ≥ 8 points), local hematoma, 
infection, and abscess. Furthermore, we also recorded the duration and intensity of other adverse events may related to 
acupuncture. We formed a specific record form and ask whether the above situation occurs after each acupuncture session.

Specimen Collection
Participants in the EA group (pre- and post-treatment) and HC provided stool and blood samples under fasting conditions 
in the morning. Approximately 3–5 g of fresh stool was collected and, along with the aliquoted serum obtained from 
blood samples (collected in heparinized tubes, kept at 4°C for 1 hour, and centrifuged at 2000 rpm for 10 minutes), was 
stored at −80°C for long-term preservation and subsequent analyses. Assessment of gut microbiome and metabolic 
parameters analysis will be performed by Wuhan Metware Biotechnology Co., Ltd.

Analysis of Untargeted Lipidomics
The serum lipidomics analysis in the study involved the following detailed methodology:

Lipids Extraction 
Serum samples were thawed and mixed with MTBE:MeOH (3:1, v/v), followed by vortexing for 15 minutes to extract 
total lipids. Subsequently, 200 μL of water was added, and the mixture was vortexed for an additional 1 minute. Samples 
were centrifuged at 12,000 rpm for 10 minutes. After centrifugation, 200 μL of the upper organic layer was transferred to 
a new tube and evaporated to dryness using a vacuum concentrator to remove the solvent. The dried lipid extract was 
reconstituted in 200 μL ACN:IPA (1:1, v/v) for subsequent LC-MS/MS analysis.

Chromatography and Mass Spectrometry Conditions 
Lipidomics analysis was performed using an LC-ESI-MS/MS system. Chromatography was carried out on a Thermo 
Accucore™ C30 column, with mobile phase A consisting of acetonitrile/water (60:40, v/v) and mobile phase 
B consisting of acetonitrile/isopropanol (10:90, v/v), using a gradient elution. The flow rate was 0.35 mL/min, the 
column temperature was maintained at 45°C, and the injection volume was 2 μL. The column effluent was introduced 
into a QTRAP® triple quadrupole-linear ion trap mass spectrometer equipped with an ESI Turbo Ion-Spray interface, 
operating in both positive and negative ion modes. Key parameters included GS1 = 45 psi, GS2 = 55 psi, curtain gas 
(CUR) = 35 psi, collision gas at medium strength, source temperature 500°C, and ion spray voltage +5500 V (positive)/ 
−4500 V (negative). Instrument tuning and mass calibration were performed using 10 and 100 μmol/L polypropylene 
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glycol solutions, respectively. In QQQ mode, metabolites were monitored using MRM experiments with optimized 
declustering potential (DP) and collision energy (CE). Lipidomics analysis was performed using a local metabolite 
database to qualitatively and quantitatively analyze the lipids in the samples.

Quality Control 
To ensure the stability and reliability of the lipidomics analysis, quality control (QC) samples were prepared by 
thoroughly mixing equal volumes (10 μL each) of multiple serum samples. The QC samples were processed using the 
same extraction and analytical procedures as the test samples to ensure consistency across all steps. During the 
continuous analysis sequence, after every 10 test samples, a mixed QC sample and a solvent blank (pure acetonitrile) 
were automatically injected to monitor the consistency of sample preparation and the stability of the instrument.

Lipidomic Analysis 
Lipid analysis was carried out by using Analyst 1.6.1 software (AB SCIEX, Toronto, Ontario, Canada). Differentially 
expressed lipid species were identified based on a variable importance in projection (VIP) score >1 from the orthogonal 
partial least-squares discriminant analysis (OPLS-DA) model and a fold change (FC) threshold of ≥ 1.2 or ≤ 0.83.41

Analysis of Intestinal Microbiota
This study employed 16S rRNA sequencing to analyze the intestinal microbiota. The methodology was as follows:

DNA Sequencing and PCR Amplification 
Genomic DNA was extracted from stool samples using the CTAB method. The V3-V4 hypervariable regions of the 
bacterial 16S rRNA gene were amplified using barcoded specific primers and a high-fidelity polymerase, following the 
manufacturer’s instructions, to ensure accurate amplification.

Quality Control 
PCR products were first assessed by electrophoresis on a 2% agarose gel to confirm specificity and expected band size. 
Qualified products were then purified using magnetic beads or a gel extraction kit, quantified, and pooled in equimolar 
amounts to prepare samples for subsequent sequencing.

16S rRNA Sequencing 
The sequencing libraries were prepared using the TruSeq® DNA PCR-Free Sample Preparation Kit. The constructed 
libraries were quantified and quality-checked using Qubit and qPCR to ensure they met the required standards. Qualified 
libraries were then sequenced on the NovaSeq 6000 platform to generate raw sequence data. Sequencing data quality was 
assessed by evaluating Q30 scores, read length, and GC content, and low-quality reads or adapter contamination were 
removed. Finally, DNA fragments shorter than twice the read length were merged using FLASH software to improve 
sequence accuracy and effective length.

Operational Taxonomic Units Construction 
Raw sequencing data were subjected to quality control and merging to obtain high-quality sequences (Clean Data). Based 
on these data, Operational Taxonomic Unit (OTU) clustering was performed, grouping sequences with ≥97% similarity 
into the same OTU. Representative sequences from each OTU were then selected for taxonomic annotation, yielding 
corresponding species information and abundance distributions at the taxonomic level.

Microbial Analysis 
Microbial diversity was assessed using α-diversity indices to evaluate species richness and diversity, thereby exploring 
community structure differences among groups. Statistical methods including T-test, and LEfSe analysis were applied to 
test the significance of differences in species composition and community structure between groups.

https://doi.org/10.2147/DMSO.S551806                                                                                                                                                                                                                                                                                                                                                                                                                                  Diabetes, Metabolic Syndrome and Obesity 2025:18 3654

Chen et al                                                                                                                                                                           

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Sample Size
It was designed as a superiority study with a 1:1 ratio. Based on a previous EA study and related literature,42 the decline 
in waistline was 4.8 ± 1.2 cm in the EA group and 2.5 ± 1.1 cm in the SA group. To detect the superiority of difference 
between the two groups to 1.3 cm as the minimal clinically important difference, a total of 58 subjects is required to 
obtain at least 90% power and control alpha level at 0.025 (one-sided). A drop-out rate of 15% was assumed, the final 
sample size was determined to be 68 subjects with 34 subjects in each group.

Statistical Analysis
The final analysis was performed based on the intention to treat principle. We performed statistical descriptions for the two 
groups, categorical variables were described using frequencies and percentages, and continuous variables were expressed as 
mean with standard deviation or median with interquartile ranges (IQRs) based on normality test. For primary and secondary 
endpoints using changes from baseline as outcomes, analysis of covariance (ANOCOVA) was performed to estimate the 
adjusted difference in changes between the two groups and corresponding 95% confidence interval, meanwhile, baseline 
group variable of interest, sex and age were included as covariant variables. Missing data were handled using the last 
observation carried forward (LOCF) method for continuous outcomes. The incidence of adverse (AEs) effects in each group 
was reported along with an exact (Clopper-Pearson) two-sided 95% CI for percentage. James Blinding Index was used to 
assess the success of blinding.43 We compared the proportions of participants who guessed that they had received EA between 
groups. All analyses were done with SAS software (version 9.4; SAS Institute Inc., Cary, NC, USA).

Results
Patient Characteristics
A total of 224 participants underwent screening, from which 68 patients were initially enrolled for baseline assessment. 
Two participants from the SA group discontinued the study due to relocation to another city (Figure 1). The demographic 
and clinical characteristics of the patients and HC were summarized and presented in Table 1. According to the table, 
apart from height and sex, all other demographic information and baseline characteristics were found to be well-balanced 
between the EA and SA groups.

Figure 1 Study Flowchart. 
Notes: CONSORT figure was adapted from Schulz KF, Altman DG, Moher D, Group C. CONSORT 2010 statement: updated guidelines for reporting parallel group 
randomised trials. BMJ. Mar 23 2010;340:c332. doi:10.1136/bmj.c332. Creative Commons.32
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Table 1 Baseline Characteristics of the Intention-to-Treat Population

Characteristic Study Group Statistic Value P Value

Total (n = 68) EA Group (n = 34) SA Group (n = 34)

Age, year, mean (SD) 37.28(6.88) 38.53(8.13) 36.03(5.17) 1.513 0.135

Disease course, month, median (IQR) 72.00(58.5 to 124.75) 72.00(39.75 to 145.00) 72.00(60.00 to 120.00) 0.049 0.961

Female, n (%) 48(70.59) 28(82.4) 20(58.82) 4.533 0.033

Postmenopausal status, n (%) 5(7.35) 4(11.76) 1(5.00) 0.313 0.576

Participants with metabolic disorder, n (%) 29(42.65) 17(50.00) 12(35.29) 1.503 0.220

Hypertension, n (%) 4(5.88) 1(2.94) 3(8.82) 0.266 0.606

Impaired glucose tolerance, n (%) 5(7.35) 4(11.76) 1(2.94) 0.863 0.353

Dyslipidemia, n (%) 26(38.24) 15(44.12) 11(32.35) 0.996 0.318

Drinking, n (%) 8(11.76) 5(14.7) 3(8.8) 0.142 0.707

Smoking, n (%) 7(10.29) 4(11.8) 3(8.8) 0.001 >0.999

Height, cm 
mean (SD)

163.90(7.19) 161.88(4.52) 165.91(8.83) 2.239 0.021

Waistline, cm 
median (IQR)

95.50(90.00 to 102.35) 93.75(88.95 to 101.73) 97.00(91.63 to 103.50) 1.583 0.113

Weight, kg 
median (IQR)

75.15(66.55 to 83.90) 72.10(64.05 to 79.18) 77.10(70.20 to 87.43) 1.766 0.077

BMI, kg/m2 

median (IQR)
28.00(25.60 to 30.30) 28.34(25.22 to 29.55) 27.95(25.90 to 30.48) 0.583 0.560

Hipline, cm 
mean (SD)

105.66(7.15) 103.93(5.51) 107.38(8.21) 2.032 0.07

WHR, mean (SD) 0.92(0.05) 0.92(0.06) 0.92(0.05) 0.366 0.716

BF% 
mean (SD)

36.63(5.57) 37.19(4.46) 36.08(6.51) 0.821 0.415

VFA, cm2 

mean (SD)
135.67(34.05) 133.76(26.08) 137.58(40.83) 0.459 0.648

SBP, mmHg 
median (IQR)

115.00 (101.25 to 130.50) 113.00 (101.75 to 127.25) 119.50 (100.75 to 134.25) 0.705 0.481

DBP, mmHg 
median (IQR)

75.50 (67.25 to 83.75) 75.50 (66.75 to 83.25) 75.50 (67.75 to 84.00) 0.227 0.820

TG, mmol/L 
median (IQR)

1.46 (1.01 to 2.09) 1.59 (1.02 to 2.22) 1.38 (0.98 to 1.92) 0.687 0.492

TC, mmol/L 
mean (SD)

4.98 (0.86) 5.06 (0.13) 4.89 (0.94) 0.833 0.408

HDL, mmol/L 
mean (SD)

1.26(0.26) 1.23(0.25) 1.29(0.27) 0.871 0.387

LDL, mmol/L 
mean (SD)

3.18 (0.66) 3.22 (0.60) 3.13 (0.73) 0.544 0.589

HOMA-IR, 
median (IQR)

2.93 (1.92 to 3.97) 2.96 (2.15 to 3.83) 2.92 (1.75 to 3.99) 0.632 0.528

(Continued)

https://doi.org/10.2147/DMSO.S551806                                                                                                                                                                                                                                                                                                                                                                                                                                  Diabetes, Metabolic Syndrome and Obesity 2025:18 3656

Chen et al                                                                                                                                                                           

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Efficacy
Primary Outcomes
In Table 2, the changes in waistline between the EA and SA groups over the 8-week intervention and 24-week follow up 
are summarized. Figure 2 illustrates the trends of waistline changes in both groups. After 8 weeks of treatment, the EA 
group exhibited a significant reduction in waist circumference, which continued to improve during the follow-up period. 
In contrast, the SA group showed only a slight decrease during the intervention phase, with waist circumference 
gradually returning to baseline after discontinuation. Compared with the control group, the EA group demonstrated 
significantly greater reductions in waist circumference at all measured time points (weeks 4, 8, 20, and 32), with 
between-group differences reaching statistical significance (all P < 0.05).

Secondary Outcomes
Table 3 summarizes the results of secondary outcomes at the end of intervention and the follow-up.

Within-group comparisons indicated that participants in the EA group experienced significant and sustained improve
ments in multiple secondary outcomes over the 32-week period. Notably, reductions in body weight, BMI, hipline, and 
visceral fat area were observed at all follow-up time points (weeks 8, 20, and 32). Although body fat percentage showed 
a downward trend, the change was not statistically significant. Measures of psychological well-being and obesity-related 
quality of life also improved over time, as reflected by increasing IWQOL-Lite scores and decreasing Kessler-10 scores. 
In contrast, the SA group exhibited no significant changes in these variables throughout the study. A transient decrease in 
TC, LDL, and HOMA-IR was observed in the EA group at week 8, suggesting a possible short-term metabolic 
adjustment during the intervention.

Between-group comparisons at week 32 further confirmed the superior efficacy of electroacupuncture. The EA group 
demonstrated significantly greater reductions in body weight, BMI, hipline, and visceral fat area compared to the SA group. 
However, changes in body fat percentage, blood pressure, and most lipid parameters did not differ significantly between 
groups. Importantly, improvements in quality of life and psychological distress were more pronounced in the EA group, 
indicating that electroacupuncture may provide additional psychosocial benefits beyond body composition regulation.

Table 1 (Continued). 

Characteristic Study Group Statistic Value P Value

Total (n = 68) EA Group (n = 34) SA Group (n = 34)

IWQOL-Lite, 
median (IQR)

61.50(48.00 to 86.00) 61.00(49.75 to 80.00) 61.50(46.00 to 90.25) 0.025 0.980

Kessler 10, 
median (IQR)

22.00(18.00 to 26.50) 21.50(18.00 to 25.00) 22.00(16.00 to 27.25) 0.037 0.971

Abbreviations: EA, electroacupuncture; SA, sham electroacupuncture; BMI, body mass index; WHR, Waist-hip ratio; BF%: percent of body fat; VFA: visceral fat area; SBP: 
systolic blood pressure; DBP: diastolic blood pressure; TG: triglyceride; TC: total cholesterol; HDL; high-density lipoprotein; LDL: low density lipoprotein; IWQOL-Lite, 
Impact Weight Quality of Life; Kessler 10, 10-item Kessler Scale; SD, standard deviation; IQR, interquartile range.

Table 2 Waistline Changes Between Study Groups

Outcome Mean Change from Baseline (95% CI) EA vs SA Groups

EA Group SA Group Difference (95% CI) P Value

Week 4 2.92(1.9 to 3.94) 1.3(0.26 to 2.35) 5.27(0.81 to 9.72) 0.021

Week 8 5.61(3.81 to 7.41) 1.88(0.02 to 3.74) 7.38(2.88 to 11.87) 0.002

Week 20 7.37(5.43 to 9.31) 1.89(−0.11 to 3.90) 9.13(4.57 to 13.69) <0.001

Week 32 7.16(5.25 to 9.06) 1.82(−0.14 to 3.78) 8.99(4.48 to 13.50) <0.001

Abbreviations: EA, electroacupuncture; SA, sham electroacupuncture; CI, confidence interval.
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Safety and Blinded
Acupuncture-related adverse events occurred in 3 patients (8.82%) in the EA group and 2 patients (5.88%) in the SA 
group. No significant difference was found among groups for the proportion of patients with adverse events (P = 1.00). 
The most reported acupuncture-related adverse events were hematoma around the site of needling and local pain, all of 
which were mild and resolved spontaneously without any intervention. No patients had severe adverse events in the trial. 
(Table S1). No statistical difference was found between groups in the proportion of participants who guessed that they 
received EA at week 8 with a JBI of 0.471 (95% CI 0.380–0.561) (Table S2).

Figure 2 Changes in Waistline in the Two Groups Over Time.

Table 3 Secondary Outcomes Between Study Groups

Outcome Mean Change from Baseline (95% CI) EA vs SA Groups

EA Group SA Group Difference (95% CI) P Value

Weight

Week 4 3.16 (2.31 to 4.00) −0.15 (−1.03 to 0.72) 9.64 (3.45 to 15.83) 0.003

Week 8 5.47(4.45 to 6.50) −0.24(−1.29 to 0.81) 12.52(6.09 to 18.95) <0.001

Week 20 6.06(4.6 to 7.53) −0.31(−1.82 to 1.20) 13.18(6.68 to 19.67) <0.001

Week 32 6.49(4.71 to 8.27) −0.63(−2.47 to 1.20) 13.93(7.67 to 20.19) <0.001

(Continued)
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Table 3 (Continued). 

Outcome Mean Change from Baseline (95% CI) EA vs SA Groups

EA Group SA Group Difference (95% CI) P Value

BMI

Week 4 1.20 (0.87 to 1.52) −0.05 (−0.38 to 0.29) 2.11 (0.42 to 3.80) 0.015

Week 8 1.56(1.17 to 1.94) −0.06(−0.45 to 0.34) 2.51(0.75 to 4.28) 0.006

Week 20 2.32(1.78 to 2.86) −0.08(−0.64 to 0.47) 3.31(1.50 to 5.11) 0.001

Week 32 2.48(1.82 to 3.14) −0.23(−0.91 to 0.45) 3.61(1.89 to 5.33) <0.001

Hipline

Week 4 1.65 (0.65 to 2.65) 0.65 (−0.38 to 1.68) 4.44 (1.23 to 7.66) 0.007

Week 8 3.21(2.07 to 4.35) 1.59(0.41 to 2.76) 4.80(1.55 to 8.04) 0.004

Week 20 4.52(2.65 to 6.39) 1.74(−0.18 to 3.67) 5.95(2.86 to 9.04) <0.001

Week 32 5.20(3.18 to 7.22) 1.17(−0.91 to 3.25) 7.20(4.08 to 10.33) <0.001

WHR

Week 4 0.01 (−0.01 to 0.03) 0.01 (−0.01 to 0.03) 0.01 (−0.02 to 0.04) 0.540

Week 8 0.03(0.01 to 0.04) 0.01(−0.01 to 0.02) 0.03(0.00 to 0.05) 0.031

Week 20 0.03(0.01 to 0.05) 0.00(−0.02 to 0.02) 0.04(0.01 to 0.07) 0.014

Week 32 0.03(0.01 to 0.04) 0.01(−0.01 to 0.03) 0.03(−0.01 to 0.06) 0.104

BF%

Week 4 1.13 (−0.56 to 2.82) 0.05 (−1.69 to 1.78) −1.11 (−3.71 to 1.49) 0.399

Week 8 2.56(1.58 to 3.54) −0.43(−1.44 to 0.59) 1.76(−0.81 to 4.33) 0.176

Week 20 3.52(2.04 to 5) −0.04(−1.57 to 1.49) 2.34(−0.46 to 5.13) 0.099

Week 32 3.97(2.51 to 5.42) 0.47(−1.03 to 1.96) 2.28(−0.33 to 4.88) 0.086

VFA

Week 4 7.97 (4.49 to 11.45) 0.45 (−3.14 to 4.03) 11.34 (−5.87 to 28.54) 0.193

Week 8 16.51(10.29 to 22.73) 0.87(−5.54 to 7.28) 18.93(1.2 to 36.66) 0.037

Week 20 20.08(11.82 to 28.34) 2.3(−6.22 to 10.81) 21.07(2.65 to 39.5) 0.026

Week 32 19.01(10.96 to 27.06) 2.77(−5.53 to 11.07) 19.53(1.22 to 37.84) 0.037

SBP

Week 4 0.09 (−0.68 to 0.85) 0.82 (0.06 to 1.59) 3.18(−4.40 to 10.75) 0.406

Week 8 0.12 (−0.96 to 1.20) −0.47 (−0.61 to 1.55) 2.44 (−5.14 to 10.02) 0.522

Week 20 −0.03 (−1.35 to 1.29) 0.53 (−0.80 to 1.87) 2.82 (−4.75 to 10.40) 0.460

Week 32 −0.35 (−1.88 to 1.17) 0.66 (−0.89 to 2.21) 2.17 (−5.41 to 9.74) 0.570

(Continued)
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Adherence
Participants in both the EA and SA groups showed high adherence to the prescribed diet and exercise regimens, with no 
significant differences observed between groups in overall or weekly adherence (Table S3).

Table 3 (Continued). 

Outcome Mean Change from Baseline (95% CI) EA vs SA Groups

EA Group SA Group Difference (95% CI) P Value

DBP

Week 4 1.00 (0.78 to 1.22) 0.97 (0.75 to 1.19) 0.50 (−3.78 to 4.78) 0.816

Week 8 0.00 (−0.31 to 0.31) 0.00 (−0.31 to 0.31) 0.53 (−3.75 to 4.81) 0.806

Week 20 0.44 (0.07 to 0.82) 0.41 (0.03 to 0.79) 0.50 (−4.78 to 3.78) 0.816

Week 32 0.21 (−0.23 to 0.64) 0.00 (−0.44 to 0.44) 0.71 (−3.58 to 4.99) 0.743

TG

Week 8 0.13(−0.14 to 0.41) 0.1(−0.1 to 0.31) −0.15(−0.52 to 0.23) 0.434

TC

Week 8 0.85(0.69 to 1.02) −0.11(−0.38 to 0.17) 0.85(0.42 to 1.27) <0.001

HDL

Week 8 −0.01(−0.06 to 0.03) −0.02(−0.07 to 0.04) 0.03(−0.09 to 0.15) 0.589

LDL

Week 8 0.48(0.33 to 0.62) 0(−0.26 to 0.25) 0.38(0 to 0.76) 0.052

HOMA-IR

Week 8 1.09(0.49 to 1.68) −0.22(−0.72 to 0.28) 0.94(0.16 to 1.72) 0.019

IWQOL-Lite

Week 4 6.84 (3.31 to 10.37) 3.94 (0.30 to 7.57) 3.40 (−6.48 to 13.28) 0.496

Week 8 13.68(6.05 to 21.30) 8(0.14 to 15.86) 7.15(−2.58 to 16.89) 0.147

Week 20 18.12(9.69 to 26.55) 8.88(0.19 to 17.56) 10.72(0.94 to 20.50) 0.032

Week 32 19.65(11.12 to 28.17) 8.81(0.03 to 17.60) 12.31(3.05 to 21.57) 0.010

Kessler 10

Week 4 3.19 (1.58 to 4.80) 0.21 (−1.44 to 1.87) 3.30 (−0.04 to 6.64) 0.053

Week 8 6.38(3.48 to 9.28) 0.38(−2.62 to 3.37) 6.11(2.29 to 9.93) 0.002

Week 20 6.97(3.83 to 10.11) 3.56(0.32 to 6.8) 3.51(0.34 to 6.68) 0.031

Week 32 6.91(3.81 to 10.01) 2.72(−0.48 to 5.92) 4.29(1.44 to 7.15) 0.004

Abbreviations: EA, electroacupuncture; SA, sham electroacupuncture; BMI, body mass index; WHR, Waist–hip 
ratio; BF%: percent of body fat; VFA: visceral fat area; SBP: systolic blood pressure; DBP: diastolic blood pressure; TG: 
triglyceride; TC: total cholesterol; HDL; high-density lipoprotein; LDL: low density lipoprotein; IWQOL-Lite, Impact 
Weight Quality of Life; Kessler 10, 10-item Kessler Scale.
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Lipidomic Analysis
Screening of Serum Biomarkers
As shown in the principal component analysis (PCA) score plot, separation between the HC group and pre-EA group 
could be observed (Figure S1A). To explore the high level of group separation, two multivariate models were obtained to 
understand the lipid alteration by OPLS-DA analysis with validation parameters of fitness (R2X = 0.492 and R2Y = 
0.987) and predictability (Q2= 0.787) between HC group and pre-EA group (Figure S1B), suggesting that lipid metabolic 
disorders were induced in pre-EA group. Furthermore, there was obvious separation among pre-EA group and post-EA 
group based on the PCA analysis and OPLS-DA analysis (Figures S1C and 1D). The results indicated that the plasma 
metabolic profile of the post-EA group was significantly altered compared with the pre-EA group.

Lipid Composition Analysis
We used the UPLC-MS/MS platform in negative or positive mode to analyze the differences in lipid composition. A total 
of 1607 lipid species were detected in the serum of HC group, pre-EA and post-EA group, including 769 GPs, 454 GLs, 
234 SPs, 99 FAs, 49 STs, and 2 Prenol Lipids (PRs), shown in Table S4. As shown in the volcano plot analysis 
(Figure 3), distinct lipid biomarker candidates were screened out. Using the criteria of VIP >1 and FC ≥ 1.2 or ≤ 0.83, 

Figure 3 Volcano plots of differential lipids with VIP >1. and FC ≥ 1.2 or ≤ 0.83. (A) Volcano plots of differential lipids between HC and pre-EA group. (B) Volcano plots of 
differential lipids between post-EA and pre-EA group.
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480 significant lipid changes between the HC and pre-EA groups and 106 between the pre-EA and post-EA groups. To 
further investigate which lipid biomarkers were regulated, we identified 32 differential lipids that appeared in both 
comparisons including 1 GL, 23 GPs, 7 SPs, and 1 ST. Among them, compared with HC, 29 lipids of abdominal obese 
patients in pre-EA group were upregulated, while 3 downregulated. Interestingly, the trends of them were ameliorated 
after EA treatment (Table 4).

Pathway Analysis
Pathway enrichment analysis provided clues for biochemical and signal transduction pathways involved in lipid species 
differences. The results showed that 117 metabolic pathways were concentrated between the HC group and pre-EA 
group, which could be attributed to five items: organismal systems (number of pathways 49), metabolism (16), human 
diseases (32), environmental information processing (15) and cellular processes (5) (Figure S2A). Compared with the HC 
group, the pre-EA group clearly had significantly different expression of the glycerolipid metabolism, regulation of 

Table 4 Identification of Potential Lipid Biomarkers Based on the Criteria of an FC 
≥ 1.2 or ≤ 0.83 and VIP ≥ 1

Compounds Class pre-EA vs HC post-EA vs pre-EA

VIP FC Trend VIP FC Trend

TG(14:0_15:0_16:0) TG 1.61 0.73 ↓ 2.26 0.82 ↓
LPS(20:0/0:0) LPS 3.43 0.00 ↓ 5.71 0.00 ↓
PE(12:0_16:0) PE 1.03 0.79 ↓ 2.11 0.76 ↓
PI(12:0_13:0) PI 3.43 0.00 ↓ 5.75 0.00 ↓
LPC(16:0/0:0) LPC 1.22 0.81 ↓ 2.25 0.78 ↓
LPC(0:0/17:0) LPC 1.03 0.82 ↓ 1.74 0.73 ↓
LPC(17:0/0:0) LPC 1.09 0.82 ↓ 1.57 0.78 ↓
LPC(18:1/0:0) LPC 1.65 0.73 ↓ 2.10 0.79 ↓
LPC(19:1/0:0) LPC 1.44 0.78 ↓ 1.62 0.82 ↓
LPC(0:0/20:1) LPC 1.10 0.80 ↓ 1.42 0.82 ↓
LPC(O-16:0) LPC-O 1.72 0.73 ↓ 2.17 0.77 ↓
LPC(O-16:1) LPC-O 1.91 0.69 ↓ 2.13 0.78 ↓
LPC(O-18:1) LPC-O 1.52 0.72 ↓ 2.23 0.74 ↓
LPC(O-20:1) LPC-O 1.69 0.70 ↓ 1.48 0.76 ↓
LPC(O-18:2) LPC-O 1.13 0.76 ↓ 1.43 0.80 ↓
LPC(O-20:2) LPC-O 1.63 0.64 ↓ 1.57 0.75 ↓
LPE(P-16:0) LPE-P 1.52 0.70 ↓ 2.02 0.68 ↓
LPE(P-18:0) LPE-P 1.67 0.68 ↓ 1.85 0.71 ↓
LPE(P-20:0) LPE-P 1.65 0.75 ↓ 1.56 0.81 ↓
LPE(P-18:1) LPE-P 1.04 0.72 ↓ 2.07 0.63 ↓
LPC(O-24:1) LPC-O 1.34 0.74 ↓ 2.62 0.71 ↓
Cer(d16:0/19:0) Cer-NDS 2.43 0.69 ↓ 2.85 0.79 ↓
Cer(d16:0/19:1) Cer-NDS 2.45 0.71 ↓ 3.19 0.81 ↓
Cer(d21:3/16:0) Cer-NS 2.23 0.80 ↓ 3.34 0.83 ↓
HexCer(t14:1/24:1(2OH)) HexCer-AP 2.78 0.69 ↓ 3.47 0.82 ↓
HexCer(t15:0/16:2(2OH)) HexCer-AP 1.36 0.74 ↓ 1.83 0.77 ↓
HexCer(t18:1/20:0(2OH)) HexCer-AP 1.44 0.71 ↓ 1.49 0.82 ↓
HexCer(t18:1/20:1(2OH)) HexCer-AP 2.83 0.69 ↓ 3.40 0.80 ↓
CE(24:1) CE 1.10 0.82 ↓ 1.80 0.82 ↓
PC(14:0_18:2) PC 1.40 1.42 ↑ 1.85 1.29 ↑
PG(17:0_19:0) PG 1.38 1.57 ↑ 1.24 1.27 ↑
PA(18:0_23:0) PA 1.20 1.41 ↑ 1.43 1.28 ↑

Notes: VIP was obtained from OPLS-DA. FC was calculated based on mean ratios for pre-EA vs HC, or pre- 
EA vs post-EA. The icons↑, ↓ of trend represent an increased, and reduced levels of lipid species 
between the two groups. GP: Glycerophospholipids; SP: Sphingolipids.
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lipolysis in adipocytes, lipid and atherosclerosis, vitamin digestion and absorption, cholesterol metabolism, thermogen
esis, insulin resistance, long-term depression, fat digestion and absorption, inositol phosphate metabolism, metabolic 
pathways, sphingolipid metabolism, carbohydrate digestion and absorption, apelin signaling pathway, adrenergic signal
ing in cardiomyocytes, and et al (Figure S2C). Whereas EA ameliorated these symptoms. A total of 116 metabolic 
pathways were concentrated between the post-EA group and pre-EA group (Figure S2B). Figure S2D shows the enriched 
functions via the classification of differentiated pathways in the post-EA group compared with the pre-EA group, 
including glycerophospholipid metabolism, aldosterone synthesis and secretion, insulin secretion, inflammatory mediator 
regulation of TRP channels, choline metabolism in cancer, apelin signaling pathway, and et al.

Fecal Microbiota Analysis
OTU Analysis
The numbers of OTUs unique to the HC group, the pre-EA group and post-EA groups were 2048, 381 and 602, 
respectively (Figure S3A). After treatment, the number of unique OTUs in acupuncture group increased by 1506 (559 to 
2065), and the number of OTUs coinciding with the HC group increased by 1285 (Figure S3B–3D). This suggests that 
abdominal obesity caused a decrease in species diversity in the intestinal microbiota, while EA improved it.

α-Diversity Index Analysis
With regard to microbial communities, the species richness, diversity and evenness were quantified by the alpha diversity. 
The Chao1 indexes to represent diversity. The larger the Chao1 index is, the more abundant the community. Similarly, the 
higher the ACE indexes are, the greater the diversity of the community. Compared with the HC group, the Chao1, ACE 
indices markedly decreased in the pre-EA group, which suggests a low intestinal bacterial community richness in 
abdominal obesity patients. However, there was no significant difference between the pre-EA and post-EA groups 
(Figure 4A and B). The results indicated that EA did not improve the richness and diversity of intestinal microbes in 
abdominal obesity people.

Microbial Structure Analysis
As shown in Figure S4A, Firmicutes (accounting for an average of 55.35%) was the most prominent phylum in the pre- 
EA group, while Bacteroidota (accounting for an average of 28.84%) and Firmicutes (accounting for an average of 
37.36%) both were the dominated phylum in post-EA group. Compared with the HC group, the abundances of 
Akkermansia-muciniphila, Cutibacterium-acnes, and Staphylococcus-epidermidis were significantly lower in the pre- 

Figure 4 The alpha-diversity index between pre-EA group, post-EA group and HC group. (A) Chao1; (B) ACE.
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EA group, whereas Bacteroides-uniformis, Parabacteroides-distasonis, Phascolarctobacterium-faecium, and 
Bacteroides-clarus were significantly higher (Figure S4B). Compared with the pre-EA group, the abundances of 
Faecalibacterium-prausnitzii, and Bacteroides-uniformis were significantly lower in the post-EA group, whereas 
Akkermansia-muciniphila, Bacteroides-ovatus, and Bacteroides-fragilisBacteroides-clarus were significantly higher 
(Figure S4C). Compared with the post-EA group, the abundances of Akkermansia-muciniphila, Bacteroides-ovatus and 
Parabacteroides-distasonis were significantly lower in the HC group, whereas Faecalibacterium-prausnitzii was sig
nificantly higher (Figure S4D).

Lefse Analysis
LEfSe analysis was conducted to further clarify the gut flora features and taxonomic differences, with significance defined as 
LDA score > 4 and p < 0.05. The LDA histogram plot revealed 43 differential features among the three groups (Figure 5A). 
Specifically, 5 bacterial species, including unidentified-Prevotellaceae, Faecalibacterium, unidentified-Enterobacteriaceae, 
Agathobacter, Roseburia, and Klebsiella, along with their high taxonomic classifications, were significantly enriched in the 
HC group. Meanwhile, Megamonas, unidentified-Lachnospiraceae, unidentified-Oscillospiraceae, Lachnoclostridium and 
Lachnospiraceae were more abundant in the pre-EA group. The abundance of 2 bacterial species, including Sutterella, 
Akkermansia, and their high taxa were significantly higher in the post-EA group. The cladogram depicts the phylogenetic 
relationships of the differentially enriched taxa among the three groups (Figure 5B).

Discussion
Our study showed that, compared with SA group, 8-week EA intervention could significantly reduce the waistline, 
weight, BMI, hipline and Kessler 10, with these improvements persisting throughout the 24-week observational follow- 
up. Additionally, we observed significant changes in 187 lipid products after EA treatment, with a predominance of 
down-regulation. Microbiota analysis revealed that, compared with the pre-treatment condition, intestinal microbial 
richness in patients with abdominal obesity showed no evident changes after treatment; however, the abundance of 
certain taxa was significantly altered.

Though in routine clinical practice, the risk of abdominal obesity historically relied on BMI, waistline is increasingly 
advocated which is highly accessible anthropometric proxy for abdominal obesity.44 Waistline is used to assess visceral 

Figure 5 Microbiomics analysis. (A) Histogram of the LDA score of microbes that showed a significant impact in the pre-EA group, post-EA group and HC group. (B) 
Cladogram of the linear discriminant analysis (LDA) effect size (Lefse) analysis of significant difference of microbial population.

https://doi.org/10.2147/DMSO.S551806                                                                                                                                                                                                                                                                                                                                                                                                                                  Diabetes, Metabolic Syndrome and Obesity 2025:18 3664

Chen et al                                                                                                                                                                           

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/article/supplementary_file/551806/551806%20Supplementary%20Materials.docx
https://www.dovepress.com/article/supplementary_file/551806/551806%20Supplementary%20Materials.docx
https://www.dovepress.com/article/supplementary_file/551806/551806%20Supplementary%20Materials.docx


fat, which is strongly associated with metabolic syndrome, type 2 diabetes and cardiovascular disease.45 Therefore, 
interventions effectively targeting abdominal obesity hold promise for improving health-care outcomes. EA has gained 
popularity as a complementary and alternative therapy with growing clinical evidence supporting its efficacy in treating 
obesity. Previous systematic reviews have indicated that EA can reduce waistline by 2.39 cm compared to SA in patients 
with obesity.46 In our study, we observed an effect size more than twice as large as reported in the literature, with the 
difference in waistline between EA and SA groups widening to three times during the follow-up period. Other studies 
assessed the efficacy of EA with or without dietary change generated a therapeutic effect on abdominal obesity.15,16 Our 
study rigorously controlled eligibility criteria, extended the follow-up period, and increased the sample size, further 
confirming the clinical efficacy of EA for abdominal obesity. In addition, compared with calorie restrict, the present study 
demonstrates that EA exhibits superior efficacy without the necessity for caloric control. In terms of safety and 
acceptability, EA was generally well-tolerated by participants. No serious adverse events were reported, and minor 
events such as hematoma or sharp pain resolved spontaneously without intervention. Moreover, participants demon
strated good adherence to the treatment regimen, completing all scheduled sessions over the 8-week intervention period. 
These observations suggest that EA is not only effective but also safe and acceptable, supporting its potential as a viable 
complementary therapy for abdominal obesity.

Previous studies have demonstrated significant changes in lipidomics among patients with obesity, which can be 
corrected through interventions such as exercise, bariatric surgery, and fasting.47–49 To our knowledge, this is the first to 
investigate lipidomics changes in patients with abdominal obesity undergoing EA treatment. The results revealed EA 
regulated the aberrant lipidomic metabolism in patients with abdominal obesity. In addition, among the 32 lipid species 
that differed between patients with abdominal obesity and healthy controls, 29 were down-regulated and 3 were up- 
regulated, these lipids, belonging to GPs and SPs, exhibited changes between pre- and post-treatment measurements. 
Though GPs and SPs are account for only 3% of total lipids, they play important roles in the development and prognosis 
of metabolic diseases.47 Furthermore, enrichment analysis revealed that these differential lipid products were enriched in 
the Apelin signaling pathway, which is implicated in glucose and lipid metabolism and linked with obesity.50 Weight loss 
often accompanies muscle mass reduction, increasing cardiovascular disease and osteoporosis risks.51,52 Interestingly, 
studies have shown that EA can improve skeletal muscle morphology and function in sarcopenia-model animals.53,54 

These findings suggest a potential role for EA in modulating lipid metabolism, providing a basis for further investigation 
into its possible application in obesity management.

Recently, a growing number of studies have revealed the change of intestinal microbiota can cause obesity, including 
the loss of beneficial bacteria, the excessive growth of potentially pathogenic bacteria, and the reduction in the microbial 
diversity.55 Yan et al specifically identified a strong association between visceral fat area and intestinal microbiota.56 

Since visceral fat accumulation contributes to abdominal obesity, in our study, the Chao1 and ACE indices were 
markedly reduced in the pre-EA group compared with HC, which is in partial agreement with the observations reported 
by Yan et al. However, compared with pre-EA, the diversity of the intestinal microbiota in post-EA did not show 
a significant increase. Similarly, preclinical studies have demonstrated that EA can modulate intestinal microbiota in 
obese mice induced by high-fat diets.29,57 These findings suggest a plausible mechanism wherein EA may mitigate 
abdominal obesity by restoring intestinal microbiota balance. This hypothesis underscores the potential therapeutic role 
of EA in influencing intestinal microbiota as part of its treatment strategy for abdominal obesity.

Further analysis suggested that compared with pre-EA group, an increase in the relative abundance of Akkermansia 
muciniphila in post-EA group. Akkermansia-muciniphila, a Gram-negative obligatory anaerobe predominantly found in 
the intestinal mucus layer, has been noted to decrease in abundance with obesity.58 Interventions such as calorie 
restriction or bariatric surgery have shown to influence Akkermansia muciniphila levels, potentially mitigating obesity 
and related pathological conditions.59,60 Moreover, insulin resistance is the crucial pathological feature induced abdom
inal obesity to metabolic syndrome. Recent exploratory studies have indicated that supplementation with Akkermansia 
muciniphila for three months can reduce insulin resistance and weight in overweight or obese individuals.61 The 
underlying mechanisms involve Akkermansia muciniphila inhibiting phospho-JNK and activating IKBA expression.62 

The results underscore the importance of understanding the Akkermansia-muciniphila’s specific role in lower insulin 
resistance and weight loss in humans as well as its potential as a therapeutic target.58
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Limitations
The study has several limitations that warrant consideration. First, the baseline differences in waist circumference and weight 
showed a trend toward imbalance. Although adjusted in analysis, this may still affect results interpretation. Second, the small 
sample size limited our ability to conduct subgroup analyses by age or gender, which may affect lipid metabolism and 
microbiota composition. Third, although samples were collected from all participants, microbiota and lipidomics analyses 
were only performed in the EA group and HC group due to funding constraints, limiting interpretation of non-specific effects 
in the SA group. Fourth, while standardized lifestyle recommendations were provided, adherence to diet and exercise was not 
rigorously monitored, which may have introduced confounding influences. Finally, the study population consisted primarily of 
adults recruited from a single hospital in China, which may limit the generalizability of the findings to other demographic or 
clinical populations. Despite these limitations, the study provides preliminary mechanistic insights into electroacupuncture for 
abdominal obesity and lays the groundwork for future large-scale, multicenter research.

Conclusions
EA could effectively reduce waistline in patients with abdominal obesity, with long-term effectiveness maintained over 
24 weeks. Parallel changes in lipid metabolism and Akkermansia muciniphila abundance suggest potential correlations, 
though causality cannot be confirmed due to the lack of sham EA data. Further studies with appropriate control groups 
are needed to clarify the underlying mechanisms and establish the broader implications for clinical practice.
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