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SUMMARY
This protocol details the acupuncture procedures for patients with overweight complicated by hyperlipidemia and certifies the influence of emotional factors on therapeutic efficacy based on metrics including BMI, cholesterol, and triglyceride levels.

ABSTRACT
This retrospective study assessed the impact of emotional factors on acupuncture efficacy in patients with overweight and hyperlipidemia, to guide the development of a more comprehensive and personalized treatment protocol. Using standardized acupuncture procedures, we analyzed data from 1,128 patients, categorizing them into groups with or without emotional abnormalities based on Hamilton Anxiety Rating Scale (HAMA) scores (cutoff ≥ 14). After 1:1 propensity score matching, 436 patients were included, with comparable baseline characteristics (all P > 0.05). Both groups showed significant improvements in primary outcomes, including body weight, BMI, obesity degree, total cholesterol, triglycerides, HDL-C, and LDL-C after treatment (P < 0.05). However, the group with emotional abnormalities exhibited less pronounced improvements in body weight, BMI, obesity degree, total cholesterol, and triglycerides compared to the normal emotion group (P < 0.05). These findings indicate that while acupuncture significantly improves clinical outcomes in these patients, emotional abnormalities reduce its therapeutic efficacy. Future acupuncture protocols for the overweight should incorporate emotional factors to optimize treatment outcomes.

INTRODUCTION 
Obesity is a complex, chronic metabolic disorder whose development and progression involve multiple factors. By 2021, 45.1% adults aged 25 years and older worldwide were affected by overweight and obesity. Concurrently, dyslipidemia has also shown a high global prevalence, with rates of 28.8% for hypertriglyceridemia, 24.1% for hypercholesterolemia, 38.4% for high-density lipoprotein cholesterol (HDL-C), and 18.93% for low-density lipoprotein cholesterol (LDL-C)1,2. In recent years, emotional disorders have received increasing attention in both the pathophysiological mechanisms and treatment processes of obesity. Clinical studies demonstrate a significant positive correlation between central obesity and its associated metabolic abnormalities and emotional disorders (such as anxiety and depression)3,4. Furthermore, mechanistic investigations have further revealed a positive feedback loop between obesity and emotional issues, indicating that anxiety and depressive moods can significantly influence metabolism-related hormone levels, including leptin, adiponectin, and insulin5,6. These hormones not only directly promote fat accumulation and metabolic disorders, leading to hypercholesterolemia and hypertriglyceridemia, but also exacerbate patients' emotional disorders by altering the feedback regulation mechanism of the hypothalamic-pituitary-adrenal (HPA) axis, the body's central stress response system7.

Acupuncture has been documented to effectively improve obesity8,9. However, in clinical practice, acupuncture protocols for obesity primarily focus on regulating gastrointestinal motility function, with insufficient attention given to emotional disorders such as anxiety and depression. Treatments predominantly select abdominal acupoints, including Zhongwan (CV12) and Tianshu (ST25), while seldom incorporating mood-regulating acupoints like Baihui (DU20) and Shenting (DU24)10,11.

After two decades of systematic research on acupuncture intervention for obesity conducted by our team, retrospective analysis of prior investigations reveals that across multiple treatment protocols for obesity disease, patients exhibiting emotional abnormalities as their predominant clinical presentation demonstrated significantly superior therapeutic outcomes from acupuncture12. This outcome may be closely associated with the inclusion of emotion-regulating needling techniques in such patients' acupuncture protocols. The incorporation of relevant acupoints potentially enhances therapeutic efficacy for obesity. Clinical observations indicate that other patients also manifest emotional abnormalities such as anxiety, though these present less prominently than other symptoms. Obesity and emotional disorders form a positive feedback loop through mechanisms, including leptin resistance and inflammatory factor cascade reactions13,14.

Building upon our team's prior research foundation, this study proposes the hypothesis that emotional abnormalities may function as an independent moderating variable mediating acupuncture's regulatory effects on lipid metabolism. To validate this hypothesis, we designed a retrospective research protocol targeting patients with overweight, aiming to determine whether significant differences exist in the influence of emotional factors on the therapeutic efficacy of acupuncture for overweight individuals complicated by hyperlipidemia. However, it should be noted that the retrospective design may limit the control over confounding variables, and the findings might be most applicable to patients with overweight complicated by hyperlipidemia. The findings will contribute to developing a more comprehensive acupuncture protocol for obesity.

PROTOCOL 
This study received approval from the Ethics Committee of the Affiliated Hospital of Nanjing University of Chinese Medicine (Approval No DE2021-270-01). Designed as a retrospective cohort study, it enrolled patients with overweight (defined as BMI ≥ 24 kg/m² according to Chinese guidelines)  complicated by hyperlipidemia treated at the Department of Acupuncture and Rehabilitation of the Affiliated Hospital of Nanjing University of Chinese Medicine between June 2021 and August 202415. The cohort comprised 964 female and 164 male patients, aged 16 to 60 years. As a retrospective investigation, the sample size was determined by the actual number of patients with obtainable clinical data, without a priori sample size calculation. 

1. Inclusion criteria

1.1. Include patients with the following criteria: 

1.1.1. Patients with BMI ≥ 24 kg/m². 

1.1.2. Patients with total cholesterol (TC)  ≥ 6.2 mmol/L or triglycerides (TG)  ≥ 2.3 mmol/L or low-density lipoprotein cholesterol (LDL-C)  ≥ 4.1 mmol/L16.

1.1.3. Patients who agreed to undergo treatment with a signed informed consent form.

2. Exclusion criteria

2.1. Exclude patients with the following criteria:

2.1.1. Patients who have incomplete clinical data.

2.1.2. Patients who fail to complete the Hamilton Anxiety Rating Scale (HAMA).

3. Grouping

3.1. Classify patients using the Hamilton Anxiety Rating Scale (HAMA) as follows:

3.1.1. Group A (Emotional Abnormality Group): Score ≥ 14 points.

3.1.2. Group B (Emotional Normal Group): Score < 14 points.

3.2. Administer the same acupuncture treatment to both groups.

4. Acupuncture Procedure

4.1. Material Preparation: Prepare disposable sterile acupuncture needles (specification: 0.30 mm × 40 mm), medical sterile cotton swabs, and iodophor swabs (see Table of Materials).

4.2. Position participants supine with knees extended, pelvis in neutral alignment, and acupoints appropriately exposed. 

4.3. Select acupoints according to WHO standards (Table 1). Bilateral Tianshu (ST25), Zusanli (ST36), Fenglong (ST40), Sanyinjiao (SP6), Quchi (LI11); Zhongwan (CV12), Guanyuan (CV4).

4.4. Disinfect both the local skin at acupoints and the practitioner’s fingers with iodophor swabs before needling.

4.5. Hold the needle handle between the right thumb, index, and middle fingers. Insert needles perpendicularly (at a 90° angle) to a depth of 25 mm. 

4.6. Manipulate the needle with a reinforcing-reducing technique of 180° clockwise-counterclockwise rotation. Perform this manipulation at a frequency of approximately 60 times per min for 1 min, and repeat the manipulation every 10 min to elicit and sustain the characteristic Deqi sensation (sourness, numbness, distension, and heaviness)17-19.

4.7. Maintain 30 min sessions every other day for 3 months. Ensure all interventions exclusively follow this standardized protocol during this period.

5. Definition of influencing factors

5.1. Define smoking as either current or past tobacco use prior to the commencement of treatment. Classify alcohol consumption as any regular intake (≥ once per month) within the past 12 months.

5.2. Define regular exercise as structured exercise (e.g., brisk walking, jogging, swimming) for ≥ 10 min/session, performed ≥ 3 times weekly, and dietary control as consistent adherence to a prescribed calorie-deficit diet throughout the clinical intervention.

6. [bookmark: _Hlk194952535]Observation metrics

6.1. Primary outcome measure: Change in BMI from baseline post-treatment: BMI (kg/m²) = Body Weight (kg) / Height² (m²).

6.2. Secondary outcome measures

6.2.1. Measure body weight at baseline and post-treatment under fasting conditions in the morning using the same calibrated scale by a single investigator to ensure consistency and accurately assess changes in patient weight.

6.2.2. Measure change in body weight and obesity degree from baseline post-treatment:

6.2.2.1. Obesity degree = [(Actual Body Weight - Standard Body Weight) / Standard Body Weight] × 100%.

6.2.3. Collect fasting venous blood samples at 8:00 AM, both pre- and post-treatment.

6.2.4. Maintain samples at 14 °C immediately post-collection.

6.2.5. Perform centrifugation of the samples at 2345 × g for 5 min using a centrifuge to isolate the serum fraction(see Table of Materials).

6.2.6. Quantify serum levels of TC, TG, LDL-C, and HDL-C using enzymatic assays on an automated clinical chemistry analyzer(see Table of Materials).

NOTE: Complete all analyses within 4 h of sample collection.

7. Statistical methods

7.1. Analyze data using SPSS statistical software (see Table of Materials) and RStudio (see Table of Materials). Apply Propensity Score Matching (PSM) to ensure baseline group comparability. Set the random seed to 2000 for reproducibility. Perform propensity score matching using the MatchIt package in R. Apply a 1:1 nearest neighbor matching algorithm without replacement. Use a caliper width of 0.05 on the logit scale of the propensity score to prevent inadequate matches.

7.2. Estimate propensity scores via a logistic regression model incorporating the following covariates: sex, age, course of disease, baseline body weight, baseline HAMA score, baseline BMI, drinking status, smoking status, exercise habits, dietary control, baseline TC, baseline TG, baseline LDL-C, and baseline HDL-C. Enforce exact matching on sex and age to ensure complete balance of these key demographic variables.

7.3. Express categorical data as frequency (percentage) and compare using chi-square tests.

7.4. Assess the normality of continuous variables using the Shapiro-Wilk test. Report normally distributed data as mean ± SD (x̄ ± s); use independent t-tests for between-group comparisons and paired t-tests for within-group comparisons.

7.5. Report non-normally distributed data as median [P25, P75]; use the Mann-Whitney U test for between-group comparisons and the Wilcoxon signed-rank test for within-group comparisons.

7.6. Define statistical significance at P < 0.05.

8. Safety assessment

8.1. Record and manage adverse events, including infection, needling syncope, and hematoma occurring during the trial.

REPRESENTATIVE RESULTS
Both groups completed the 3-month treatment and follow-up. A total of 1,128 patients with overweight complicated by hyperlipidemia were initially enrolled, comprising 591 cases in Group A and 537 cases in Group B. Baseline characteristics between groups were imbalanced and lacked comparability (P < 0.05). Post-matching analysis included 218 cases in Group A and 218 cases in Group B (total n = 436). Baseline characteristics showed no statistically significant differences between matched groups (P > 0.05), confirming comparability (Table 2 and Table 3).

Compared to pre-treatment levels, both groups exhibited significant reductions in body weight, BMI, obesity degree, total cholesterol, triglycerides, and LDL-C, alongside significantly elevated HDL-C levels (P<0.05) (Table 4 and Table 5). Further analysis revealed that Group A demonstrated less pronounced improvements in body weight, BMI, obesity degree, total cholesterol, and triglycerides relative to Group B (P < 0.05) (Figure 1).

Adverse events
Treatment-related adverse events included needling syncope in 4 patients (0.9%) in Group A and 3 patients (0.7%) in Group B. No statistically significant difference was observed in the occurrence of treatment-related adverse events between groups (P > 0.05).

FIGURE AND TABLE LEGENDS 
Figure 1: Comparison of therapeutic efficacy between groups post-PSM. Group A: Emotional abnormality group (n = 218); Group B: Emotional normal group (n = 218). These box plots summarize the data using key percentiles: the median (center line) and the 25th/75th percentiles (which form the box). The whiskers extend to the minimum and maximum values that are not considered outliers, defined as any point lying beyond 1.5 IQRs from the nearest quartile. Data points beyond the whiskers are plotted as individual points (outliers).

Table 1: Acupoint selection.

[bookmark: _Hlk204064276]Table 2: Baseline characteristics of groups pre-PSM. Data are expressed as median [P25, P75]. Group A: Emotional abnormality group (n = 591); Group B: Emotional normal group (n = 537).

Table 3: Baseline characteristics of groups post-PSM. Data are expressed as median [P25, P75]. Group A: Emotional abnormality group (n = 218); Group B: Emotional normal group (n = 218).

[bookmark: _Hlk204064220]Table 4: Comparison of primary outcomes pre- vs. post-treatment within groups post-PSM. Data are expressed as median [P25, P75]. Group A: Emotional abnormality group (n = 218); Group B: Emotional normal group (n = 218).

Table 5: Comparison of therapeutic efficacy between groups post-PSM. Data are expressed as median [P25, P75]. Group A: Emotional abnormality group (n = 218); Group B: Emotional normal group (n = 218).

Supplementary file: Within-group and between-group comparisons of study outcomes before propensity score matching (pre-PSM).

DISCUSSION
[bookmark: _Hlk182335892]This real-world retrospective cohort study ensured treatment consistency and standardization by implementing a uniform treatment protocol across all enrolled patients. Our team conducted rigorous reviews of each patient's treatment documentation to verify protocol compliance and performed comprehensive clinical follow-ups for all participants.

The most critical aspect of this protocol lies in the precise selection and localization of acupoints. All acupoints were identified and needled in strict accordance with WHO Standard Acupuncture Point Locations, ensuring anatomical accuracy and reproducibility. The selected points include bilateral Tianshu (ST25), Zusanli (ST36), Fenglong (ST40), Sanyinjiao (SP6), Quchi (LI11), as well as Zhongwan (CV12) and Guanyuan (CV4).

Each acupoint was chosen based on established mechanistic evidence: ST25 modulates macrophage polarization in adipose tissue and reduces pro-inflammatory mediators, thereby ameliorating obesity-related inflammation20. ST36 facilitates white-to-brown adipose tissue remodeling via upregulation of UCP1 expression21. ST40 contributes to lipid metabolism regulation and suppression of inflammatory pathways through modulation of mRNA expression profiles22. SP6 significantly improves leptin and adiponectin levels while enhancing gut microbiota α-diversity23. LI11 influences hypothalamic microglial polarization, thereby supporting weight regulation24. CV12 ameliorates insulin resistance through upregulation of SIRT1 and POMC expression in the hypothalamus25. RN4 ameliorates insulin resistance, an effect associated with the upregulation of SIRT1 and POMC expression in the hypothalamus, thereby contributing to improved metabolic homeostasis26.

Due to individual anatomical variability, some patients may not experience the characteristic Deqi sensation (sourness, numbness, distension, or heaviness) following needle insertion. If Deqi is not achieved within the first minute of needle manipulation, the practitioner may gently adjust the needle depth or direction by 2–3 mm, without exceeding a total depth of 30 mm, to avoid discomfort or potential tissue injury. In cases of scheduling conflicts, a minimum frequency of two sessions per week must be maintained to preserve therapeutic continuity. Fewer sessions may compromise efficacy due to insufficient cumulative stimulation. All protocol modifications must be thoroughly documented to ensure accurate adherence assessment and reproducibility.

A range of interventions is available to improve metabolic function in obese patients, including lifestyle modifications, Baduanjin exercise, and acupuncture therapy27-29. Among these, acupuncture offers unique advantages as a clinician-delivered procedure that does not rely solely on patient adherence, making it particularly suitable for individuals with limited self-discipline, physical restrictions, or inconsistent motivation. Regarding acupuncture techniques themselves, current interventions for obesity primarily include manual acupuncture, electroacupuncture, and catgut embedding therapy. This protocol employs manual acupuncture, wherein needle stimulation is individually tailored to elicit a consistent Deqi sensation, ensuring adequate and personalized stimulation for each patient. In contrast, electroacupuncture and catgut embedding therapy deliver fixed-intensity stimulation, which may fail to account for individual variability in responsiveness30. Moreover, catgut embedding therapy is associated with higher rates of adverse events such as subcutaneous nodules, bleeding, and ecchymosis31. Therefore, manual acupuncture, as applied in this protocol, exhibits a more favorable safety profile with generally milder adverse effects, thereby improving patient acceptance and compliance. This approach aligns with the emphasis on personalized treatment in traditional acupuncture theory and is supported by contemporary clinical practices.

This study found that approximately 52% of overweight patients presented with comorbid emotional disorders, aligning with prior research32. A bidirectional relationship between obesity and depression was particularly pronounced: individuals with obesity exhibited a 55% increased risk of developing depression, while depressed patients showed a 58% elevated risk of developing obesity. This reciprocal association underscores the robust interconnection between obesity and emotional disturbances. Acupuncture demonstrates established efficacy for emotional disorders, with stimulation at acupoints including DU20, GV24, and GV29 ameliorating symptoms through mechanisms such as suppressing HPA axis hyperactivity and modulating tryptophan, glutamate, and fatty acid metabolism33. As the study cohort comprised patients with obesity complicated by hyperlipidemia, generalizability may be limited. Nevertheless, the findings highlight the increasingly prominent comorbidity of obesity and emotional disorders within current sociocultural contexts, emphasizing the dual healthcare needs of this population that warrant greater attention.

Compared to pre-treatment levels, both groups demonstrated significant improvements in obesity-related parameters and lipid profiles, consistent with prior research indicating that acupuncture ameliorates obesity and metabolic dysfunction through multi-system mechanisms34-36. Current evidence reveals that acupuncture enhances insulin sensitivity and improves insulin resistance37. Concurrently, electroacupuncture reduces interleukin-6 (IL-6) and vimentin expression in white adipose tissue (WAT), thereby attenuating inflammatory states38.

Concurrently, Group A demonstrated inferior therapeutic efficacy from acupuncture compared to Group B, with statistically significant differences (P < 0.05). Emotional abnormalities, particularly anxiety and depression, are recognized in modern medicine as potential risk factors for metabolic dysregulation. Research confirms a strong association between depression and elevated serum lipid levels39. Chronic negative emotions activate the HPA axis, leading to increased cortisol secretion40. Cortisol stimulates appetite and cravings for high-sugar/high-fat foods while promoting visceral fat deposition, ultimately contributing to obesity development41,42. Emotional disorders frequently coincide with elevated pro-inflammatory factors such as IL-6, which interact with the chronic inflammatory state in obesity to drive adipose tissue expansion and insulin resistance formation, thereby exacerbating metabolic dysfunction43.

Within the comorbidity mechanisms of obesity and emotional abnormalities, the interplay between multiple hormones and inflammatory responses plays a pivotal role. Leptin and adiponectin are critically involved in the pathogenesis of obesity-emotional disorder comorbidity. Leptin modulates stress responses via the HPA axis and participates in emotional regulation. Through enhanced dopamine release, leptin regulates mood and reward mechanisms44. Chronic stress states induce leptin resistance, leading to dysregulation of appetite and emotional control, thereby triggering depression and anxiety. Adiponectin acts on the brain, particularly emotion-regulating regions, via its receptors, exerting anti-inflammatory effects and enhancing insulin sensitivity. Reduced adiponectin levels are strongly associated with depressive and anxiety symptoms, potentially improving emotional regulation through attenuation of neuroinflammation45. Insulin not only peripherally regulates glucose metabolism but also modulates mood by influencing neurotransmitter systems, including dopamine and 5-HT46,47. Insulin resistance is closely associated with emotional disorders such as depression and anxiety, potentially affecting emotional stability by altering cerebral energy metabolism and neurotransmitter synthesis. Inflammatory factors, particularly TNF-α and IL-6, trigger neuroinflammation through activation of brain immune cells, thereby disrupting neurotransmitter systems involved in emotional regulation48,49. Chronic low-grade inflammation demonstrates a strong correlation with the development of emotional disturbances, including depression and anxiety50. The comorbidity mechanisms between obesity and emotional abnormalities involve intricate networks of hormonal and inflammatory responses. These interactions not only impact metabolic and energy homeostasis but also exert profound effects on emotional regulation and mental health.

Exercise, dietary control, smoking, and alcohol consumption constitute critical influencing factors in obesity treatment. Physical activity and dietary management represent core interventions for obesity. Regular exercise not only significantly increases energy expenditure but also promotes the expression of hormones, including leptin and adiponectin, thereby facilitating weight reduction51. Furthermore, appropriate dietary control enhances therapeutic efficacy by reducing total caloric intake and improving pancreatic β-cell function to regulate glucose metabolism52. Conversely, smoking and alcohol consumption significantly interfere with obesity treatment efficacy. Chronic smoking induces a pro-inflammatory metabolic state that impairs insulin sensitivity and β-cell function, adversely affecting adipose tissue distribution53,54. Alcohol intake is recognized as closely associated with obesity pathogenesis, increasing food consumption through disrupted leptin and glucagon-like peptide-1 (GLP-1) secretion or central nervous system (CNS) stimulation55,56.

This study implemented PSM to control for confounding factors. Pre-PSM, both Group A and Group B exhibited statistically significant differences in therapeutic outcomes (P < 0.05) (see Supplementary file). Post-PSM analysis revealed no significant differences in therapeutic efficacy for LDL-C and HDL-C between groups; however, statistically significant differences persisted for body weight, BMI, obesity degree, total cholesterol, and triglycerides. PSM effectively mitigated confounding factor interference and enhanced comparative precision.

This study has several key strengths. First, the large sample size of real-world patients (N = 1,128 before matching, N = 436 after matching) provides strong statistical power and enhances the generalizability of the results. Second, the use of rigorous propensity score matching (PSM) significantly improved the baseline comparability between the emotion-abnormal and emotion-normal groups, strengthening confidence in the outcome comparisons. To our knowledge, this is also one of the first large-scale retrospective studies to specifically examine the role of emotional factors as potential effect modifiers in acupuncture treatment for weight loss and lipid improvement, offering valuable insights for personalizing acupuncture protocols in clinical practice.

This retrospective cohort study, despite controlling for baseline characteristic differences through PSM, may contain unmeasured confounding factors, such as glycemic status, life-stage-specific hormonal fluctuations (e.g., menopausal status), and genetic predisposition, which could independently influence treatment outcomes. Additionally, the inclusion of a small number of participants under 18 years of age (n = 5), while clinically justified by their BMI values exceeding 30, is a methodological limitation. The use of adult BMI criteria without pediatric-specific percentile adjustments may limit the accuracy of weight status classification in these younger individuals. Furthermore, the relatively short follow-up period precluded a comprehensive assessment of long-term therapeutic outcomes, constraining conclusions regarding the long-term efficacy of acupuncture treatment. Moreover, to our knowledge, there is currently a notable lack of large-scale studies investigating the long-term efficacy of acupuncture for obesity management57. The use of the HAMA in this study reflects its established role in clinical research; however, its well-documented overlap with depressive symptomatology may limit the specificity of our emotional abnormality classification. In contrast, instruments such as the GAD-7 and PHQ-9 offer greater discriminant validity for anxiety-specific screening and are more routinely employed in contemporary primary care settings. The incorporation of such scales in future studies would help clarify whether observed effects are attributable to anxiety per se or to broader affective dysregulation. Larger-scale, multicenter studies that incorporate more rigorous age-stratified designs and standardized pediatric BMI criteria are recommended to further validate the impact of emotional factors on acupuncture therapeutic efficacy.

This study demonstrates that emotional abnormalities significantly impact the therapeutic efficacy of acupuncture for overweight complicated by hyperlipidemia. Clinical practice should fully consider patients' emotional factors and optimize acupuncture protocols to enhance clinical outcomes.
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