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                ABSTRACT
Polycystic ovary syndrome (PCOS) is a heterogeneous reproductive, endocrine, and metabolic disorder, and the gut microbiota has emerged as an important focus of mechanistic and translational research. The 2026 clinical practice guideline on PCOS and the gut microbiota was developed to bridge the gap between rapidly evolving microbiome research and uncertainty regarding its clinical application. It addresses nine core questions and provides 15 recommendations covering disease association, microbiome testing, probiotics and prebiotics, dietary interventions, fecal microbiota transplantation, interactions with pharmacologic therapy, metabolic surgery, and the gut-brain axis. This article provides a focused interpretation of these recommendations, emphasizing the clinical implications of recommendation strength, the distinction between research-oriented microbiome analyses and routine diagnostic testing, the adjunctive role of microbiota-targeted interventions, and the need to distinguish mechanistic plausibility from demonstrated clinical benefit. Implementation should remain embedded within established PCOS management, with lifestyle modification, evidence-based pharmacotherapy, reproductive care, and mental health support as the foundation. Microbiota-targeted strategies should be individualized according to evidence maturity, strain or product specificity, patient phenotype, safety, and feasibility. Future priorities include standardized microbiome methodologies, multicenter prospective studies, adequately powered randomized trials, clinically meaningful reproductive outcomes, and long-term safety assessment. This interpretation aims to support appropriate clinical application while avoiding premature translation of preliminary microbiome findings into routine practice.
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                INTRODUCTION
Polycystic ovary syndrome (PCOS) is among the most prevalent endocrine-metabolic disorders in reproductive-aged women and is characterized by substantial phenotypic heterogeneity. Hyperandrogenism, ovulatory dysfunction, and polycystic ovarian morphology represent its core reproductive features, whereas insulin resistance, obesity, dyslipidemia, and other metabolic disturbances contribute importantly to long-term morbidity.[1–3] This heterogeneity also complicates efforts to identify a single pathogenic pathway or a universal therapeutic strategy.
The gut microbiota has emerged as one potential interface linking diet, metabolism, inflammation, endocrine signaling, and host susceptibility. Studies in PCOS have reported differences in microbial diversity and community composition, depletion of several short-chain fatty acid (SCFA)-producing taxa, changes in bile-acid-related microbial functions, and impaired intestinal barrier integrity.[4–9] Experimental work, particularly microbiota-transfer studies, has strengthened biological plausibility by showing that microbiota-derived signals can influence metabolic and reproductive phenotypes.[7] Nevertheless, the field remains characterized by substantial between-study heterogeneity, incomplete causal inference in humans, variable laboratory methods, and a predominance of surrogate rather than definitive clinical outcomes.
These features create a translational problem. Clinicians increasingly encounter commercial microbiome reports, probiotic products, dietary claims, and patient interest in fecal microbiota transplantation (FMT), yet the degree of evidence supporting each application differs markedly. The purpose of the 2026 guideline was therefore not simply to summarize associations between PCOS and the gut microbiota, but to define where microbiome-related approaches can reasonably enter clinical or research pathways and where they should remain investigational. The present article interprets the nine clinical questions and 15 recommendations from that perspective, with emphasis on implementation, evidence boundaries, and areas in which apparent mechanistic promise should not be equated with established clinical effectiveness.
The organization of this interpretation was informed by the Reporting Items for Practice Guidelines in Healthcare (RIGHT) for INTroductions and INTerpretations of Clinical Practice Guidelines (RIGHT for INT) framework, which recommends that guideline interpretation articles address the background and development of the source guideline, explain recommendations in context, discuss strengths and limitations, and clarify implications for implementation and future research.[10] No new recommendation or re-grading of evidence is introduced here; the original questions and recommendation statements are retained, while the accompanying discussion is reframed to support clinical understanding and translation.
OVERVIEW OF THE GUIDELINE AND HOW TO READ THE RECOMMENDATIONS
Scope, users, and development process
The guideline applies to females with PCOS and is intended for clinicians and researchers in reproductive medicine, obstetrics and gynecology, endocrinology, clinical nutrition, microbiome science, and related disciplines. The working group used a structured process to identify clinically relevant questions, incorporating literature review, Delphi consultation, and the Population, Intervention, Comparator, and Outcome (PICO) framework. Evidence searches covered major international and Chinese databases and were updated through October 2025. Systematic reviews, meta-analyses, and randomized controlled trials (RCTs) were prioritized when available, whereas observational studies and basic experimental evidence were considered when higher-level evidence was insufficient.
Evidence quality and recommendation strength were assessed using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) framework. The guideline also incorporated good practice statements (GPSs) for clinically important issues for which direct evidence was limited but practical guidance was considered necessary. The development process further included external review, methodological quality assessment using the Appraisal of Guidelines for Research and Evaluation II (AGREE II) instrument, reporting in accordance with RIGHT, and plans for periodic updating. These methodological features are important for interpreting the recommendations because the guideline addresses a field in which the evidence base ranges from relatively mature clinical intervention studies to preliminary mechanistic observations.
How recommendation grades should be interpreted?
A strong recommendation should be understood as a recommendation for which the expected benefits, harms, feasibility, and available evidence support a relatively consistent course of action for most appropriate patients. A conditional or weak recommendation indicates that patient phenotype, preferences, feasibility, uncertainty, or indirectness of evidence may materially affect the decision. Likewise, a moderate or low certainty rating does not mean that an intervention is ineffective; it indicates uncertainty about the magnitude, consistency, or directness of the estimated effect. In this guideline, this distinction is especially relevant for microbiome-directed interventions because statistically significant changes in metabolic biomarkers do not automatically establish durable reproductive benefit or justify the replacement of standard PCOS treatment.
A second interpretive principle is that the guideline separates three levels of translation: microbiome measurements used for research, microbiota-directed measures used as adjuncts to standard care, and highly selected or investigational interventions. Confusing these levels can lead to overdiagnosis of vaguely defined "dysbiosis," indiscriminate probiotic use, or premature use of invasive microbiome interventions. Table 1 summarizes the GRADE system, and Table 2 reproduces the recommendations for rapid reference.
Table 1: GRADE classification of certainty of evidence and strength of recommendations


	
Category

	
Grade

	
Description






	Certainty of evidence
	High (A) 
	We are very confident that the true effect lies close to the estimate of the effect. 



	Moderate (B) 
	We are moderately confident in the estimate of the effect. The true effect is likely to be close to the estimate, but there is a possibility that it is substantially different. 



	Low (C) 
	Our confidence in the estimate of the effect is limited. The true effect may be substantially different from the estimate. 



	Very Low (D) 
	We have very little confidence in the estimate of the effect. The true effect is likely to be substantially different from the estimate. 



	Strength of recommendation
	Strong (1) 
	The desirable consequences of an intervention clearly outweigh the undesirable consequences, or vice versa. 



	Conditional/weak (2) 
	The balance between desirable and undesirable consequences is uncertain or closely balanced. 




GRADE, Grading of Recommendations Assessment, Development, and Evaluation.

Table 2: Summary of the 2026 guideline recommendations interpreted in this article


	
Clinical question

	
Recommendations and classification






	Question 1: What is the association between PCOS and the gut microbiota? 
	Recommendation 1: Patients with PCOS generally exhibit gut dysbiosis, characterized mainly by alterations in gut microbial composition and diversity, reduced abundance of SCFA-producing genera, and disruption of the microbial community involved in bile acid metabolism. However, large-scale, multicenter cohort studies are currently lacking to screen and validate specific gut microbial markers for clinical diagnosis and phenotypic subtyping of PCOS. (2B) 
Recommendation 2: Mouse experiments have demonstrated that FMT can induce PCOS-related phenotypes, revealing the significant role of the gut microbiota in the development and progression of PCOS. Given the complex bidirectional interactions between endocrine metabolism and the gut microbiota, gut dysbiosis and metabolic disorders may be mutually reinforcing in a vicious cycle during PCOS progression. (2B) 



	Question 2: What detection methods are recommended for gut microbiota analysis in PCOS? 
	Recommendation 3: Gut microbiota testing is currently used primarily in case-control studies to provide data supporting clinical translation. For research on PCOS and gut microbiota, methods capable of resolving microbial composition or characterizing functional genes, such as 16S rRNA gene sequencing and metagenomic sequencing, are recommended, with consideration of sample availability and experimental reproducibility. (2B) 



	Question 3: Are probiotics or prebiotics beneficial for patients with PCOS? How should they be precisely selected, and what are the recommended duration and supplementation method? 
	Recommendation 4: Supplementation with specific probiotic strains validated in PCOS clinical studies (e.g., certain Lactobacillus and Bifidobacterium strains) can be used as an adjunct to lifestyle interventions for PCOS and may help improve metabolic and hormonal profiles. (2B) 
Recommendation 5: The indiscriminate use of probiotic strains not validated in PCOS populations or broad-spectrum probiotic preparations is not recommended for patients with PCOS. Probiotic interventions should not replace first-line therapies such as lifestyle interventions and metformin. (1B) Recommendation 6: When prebiotics are used in patients with PCOS, inulin-type dietary fibers (e.g., inulin) may be prioritized at a recommended dose of 5–10 g/day, for 8–12 weeks. Treatment should begin at a low dose and be gradually adjusted according to individual tolerance. (2B) 



	Question 4: How should specific probiotic strains and intervention duration be precisely selected for patients with PCOS? 
	Recommendation 7: Priority should be given to specific probiotic strains that have improved core PCOS phenotypes, including insulin resistance and hyperandrogenemia, in RCTs involving patients with PCOS. Treatment should continue for at least 8 weeks, with monitoring of metabolic parameters and adverse events. (1B) 



	Question 5: Which dietary patterns are most beneficial for improving PCOS through gut microbiota modulation? 
	Recommendation 8: A fiber-rich dietary pattern, such as the Mediterranean diet, is strongly recommended for all patients with PCOS as a core strategy for PCOS management and optimization of the gut microbiota. (1B) 



	Question 6: Is FMT applicable to the treatment of PCOS? 
	Recommendation 9: Currently, no direct research evidence exists on the efficacy of FMT in patients with PCOS. However, clinical application of FMT in other metabolic diseases such as obesity and type 2 diabetes has gradually advanced, accumulating practical experience. Therefore, for patients with PCOS and comorbid obesity or diabetes who have suboptimal responses to lifestyle intervention and standard pharmacotherapy and who explicitly express a willingness to undergo FMT, individualized treatment plans may be developed following existing FMT expert consensus and clinical guidelines. (GPS) 



	Question 7: How does the gut microbiota influence treatment outcomes of PCOS? 
	Recommendation 10: Preliminary studies suggest that the gut microbiota may influence the clinical efficacy of PCOS treatments, such as metformin, by affecting drug metabolism. Awareness of this potential interaction is advised in clinical practice, but routine adjustment of treatment plans or microbiota testing to predict drug efficacy is not currently required. (2C) 



	Question 8: Does metabolic surgery improve the gut microbiota in patients with PCOS and comorbid obesity? 
	Recommendation 11: For patients with PCOS and comorbid obesity (BMI ≥ 32.5 kg/m²) who have suboptimal responses to lifestyle and pharmacologic interventions, metabolic surgery (e.g., gastric bypass, sleeve gastrectomy) may be cautiously considered after multidisciplinary team evaluation and informed consent. Surgery significantly improves PCOS symptoms and metabolic parameters, with benefits partially attributed to postoperative gut microbiota remodeling. However, surgical risks must be thoroughly evaluated and communicated. (1B) Recommendation 12: Metabolic surgery effectively remodels the gut microbiota and rapidly improves the reproductive, endocrine, and metabolic phenotypes of patients with PCOS and comorbid obesity. Indications must be applied strictly, and surgical risks must be fully disclosed. (1B) 



	Question 9: In patients with PCOS and anxiety/depression, should the "gut-brain axis" be considered? What is the clinical significance of such interventions? 
	Recommendation 13: Integration of mental health screening and management into the routine clinical pathway for PCOS, as a core component of the overall treatment plan, is strongly recommended. In comprehensive management, improving the gut microbiota may be explored as an adjunctive intervention, and its effect on mood symptoms should be systematically evaluated in future clinical studies. (GPS) Recommendation 14: For mental health screening in patients with PCOS, standardized tools such as the Self-Rating Depression Scale (SDS), Self-Rating Anxiety Scale (SAS), Patient Health Questionnaire (PHQ-9), or Generalized Anxiety Disorder-7 (GAD-7) can be routinely used. Patients with positive screening results should be promptly referred to a psychology or psychiatry department for specialized evaluation and intervention, and their psychological status should undergo ongoing monitoring throughout the PCOS treatment. (1B) 
Recommendation 15: It should be recognized that the disruption of the "gut-brain axis" is an important mechanism for the occurrence of anxiety/depression in patients with PCOS. However, there is currently a lack of high-quality evidence to support the use of regulating the gut microbiota (such as probiotics) as a first-line treatment independently of conventional psychological and lifestyle interventions. (2C) 




BMI, body mass index; FMT, fecal microbiota transplantation; GPS, good practice statement; RCT, randomized controlled trial; SCFA, short-chain fatty acid; PCOS, polycystic ovary syndrome.

INTERPRETATION OF THE CORE QUESTIONS AND RECOMMENDATIONS
Question 1: What is the association between PCOS and the gut microbiota?
Recommendation 1: Patients with PCOS generally exhibit gut dysbiosis, characterized mainly by alterations in gut microbial composition and diversity, reduced abundance of SCFA-producing genera, and disruption of the microbial community involved in bile acid metabolism. However, large-scale, multicenter cohort studies are currently lacking to screen and validate specific gut microbial markers for clinical diagnosis and phenotypic subtyping of PCOS. (2B)
Interpretation: A reproducible group-level signal does not yet constitute an individual diagnostic signature. Across observational studies, women with PCOS frequently show altered microbial composition or diversity, reduced abundance of selected SCFA-producing organisms, and differences in microbial functions related to bile-acid and inflammatory pathways.[4–9] However, the direction and magnitude of these findings are influenced by geography, habitual diet, adiposity, metabolic status, ethnicity, medications, sequencing platforms, and analytical pipelines.[11–14] The practical implication is that the concept of PCOS-associated dysbiosis is biologically meaningful at the population level, but no single taxon, diversity index, or commercial "dysbiosis score" can currently diagnose PCOS or define a validated PCOS subtype.
Recommendation 2: Mouse experiments have demonstrated that FMT can induce PCOS-related phenotypes, revealing the significant role of the gut microbiota in the development and progression of PCOS. Given the complex bidirectional interactions between endocrine metabolism and the gut microbiota, gut dysbiosis and metabolic disorders may be mutually reinforcing in a vicious cycle during PCOS progression. (2B)
Interpretation: Causal evidence is suggestive but must be separated by model system. Human-to-mouse FMT and related experiments have shown that transfer of PCOS-associated microbial communities can reproduce metabolic and reproductive abnormalities and have identified mechanistic pathways such as the gut microbiota-bile acid-interleukin-22 (IL-22) axis.[7] These experiments strengthen the argument that the microbiota can contribute to disease biology rather than merely reflect it. They do not, however, prove that the same causal sequence accounts for the full clinical syndrome in humans. Bidirectional Mendelian randomization analyses and other causal-inference approaches provide additional support for selected associations but remain dependent on instrument validity and available microbial datasets.[15,16]
Clinical implication. The principal value of Recommendation 1 and Recommendation 2 is therefore conceptual and research-oriented: the gut microbiota should be considered a relevant component of PCOS pathophysiology, while conventional diagnostic criteria and phenotype assessment remain the basis of clinical diagnosis. Future studies should distinguish microbiome effects from confounding by obesity, diet, insulin resistance, and medication exposure rather than assuming that all observed microbial differences are intrinsic to PCOS.
Question 2: What detection methods are recommended for gut microbiota analysis in PCOS?
Recommendation 3: Gut microbiota testing is currently used primarily in case-control studies to provide data supporting clinical translation. For research on PCOS and gut microbiota, methods capable of resolving microbial composition or characterizing functional genes, such as 16S ribosomal RNA (rRNA) gene sequencing and metagenomic sequencing, are recommended, with consideration of sample availability and experimental reproducibility. (2B)
Interpretation: Method selection should follow the research question. 16S rRNA gene sequencing is suitable for broad characterization of bacterial community structure and remains useful when cost, sample number, or comparability with legacy cohorts is important. Shotgun metagenomic sequencing offers greater taxonomic resolution and permits direct analysis of microbial genes and functional potential, but it requires greater sequencing depth, computational capacity, and attention to host DNA and database-dependent annotation.[17–19] Neither approach, by itself, converts a microbiome profile into a clinically validated diagnostic test. Additionally, pre-analytical and analytical standardization may be more important than the choice between two sequencing technologies. Stool collection timing, storage, transport, DNA extraction, batch effects, sequencing depth, negative controls, bioinformatic pipelines, and reference databases can all alter the apparent microbiome signal.[17–21] Therefore, longitudinal or multicenter studies should pre-specify these variables and incorporate quality-control procedures before seeking disease-specific microbial markers.
Clinical implication. The recommendation supports microbiome profiling principally as a research and translational tool. This boundary is consistent with the 2025 international consensus on microbiome testing, which concluded that evidence remains insufficient for widespread routine clinical use and emphasized standardized testing and cautious interpretation.[20] A clinician should therefore avoid making treatment decisions solely from a commercial microbiome report unless the measured feature has an independently validated clinical meaning.
Question 3: Are probiotics or prebiotics beneficial for patients with PCOS? How should they be precisely selected, and what are the recommended duration and supplementation method?
Recommendation 4: Supplementation with specific probiotic strains validated in PCOS clinical studies (e.g., certain Lactobacillus and Bifidobacterium strains) can be used as an adjunct to lifestyle interventions for PCOS and may help improve metabolic and hormonal profiles. (2B)
Recommendation 5: The indiscriminate use of probiotic strains not validated in PCOS populations or broad-spectrum probiotic preparations is not recommended for patients with PCOS. Probiotic interventions should not replace first-line therapies such as lifestyle interventions and metformin. (1B)
Interpretation: The current signal for probiotics is strongest for adjunctive improvement in metabolic and inflammatory measures, not for replacement of established PCOS therapy. Meta-analyses and RCTs suggest that selected probiotic or synbiotic interventions can improve fasting glucose, insulin resistance, lipid parameters, inflammatory markers, and in some studies body weight or androgen-related biochemical outcomes.[22–30] The evidence base is nevertheless heterogeneous because products differ in strain composition, viable dose, co-interventions, baseline phenotype, and treatment duration. A statistically favorable pooled effect for "probiotics" should not be interpreted as evidence that all commercially available preparations are interchangeable. Moreover, reproductive benefits remain less certain than metabolic benefits. Several trials report changes in testosterone or other hormonal measures, but robust evidence for sustained ovulation, menstrual regularity, clinical hyperandrogenism, pregnancy, or live birth is limited.[28,29,31] This distinction matters in counseling patients who may expect a probiotic supplement to directly restore fertility. The guideline therefore positions probiotics as an adjunct to lifestyle and standard pharmacologic treatment rather than as a primary reproductive therapy.
Recommendation 6: When prebiotics are used in patients with PCOS, inulin-type dietary fibers (e.g., inulin) may be prioritized at a recommended dose of 5–10 g/day, for 8–12 weeks. Treatment should begin at a low dose and be gradually adjusted according to individual tolerance. (2B)
Interpretation: Prebiotics are similarly phenotype- and tolerance-dependent. Inulin-type fibers can increase substrates available to beneficial bacteria and have shown favorable metabolic or inflammatory effects in PCOS studies.[32–35] The suggested 5–10 g/day range over 8–12 weeks should be applied gradually because bloating, abdominal discomfort, and altered bowel habits may limit adherence. The practical objective is not merely to reach a nominal dose but to achieve a sustained, tolerated intervention that complements an overall high-quality diet.
Clinical implication. Recommendations 4–6 should be read as an argument for product specificity and treatment integration. The most defensible choice is a strain or prebiotic formulation supported by PCOS-specific clinical data, used for a defined period and monitored for tolerability and relevant outcomes. Broad-spectrum products with unverified strain identity or unsubstantiated disease claims should not be preferred simply because they contain a larger number of organisms.
Question 4: How should specific probiotic strains and intervention duration be precisely selected for patients with PCOS?
Recommendation 7: Priority should be given to specific probiotic strains that have improved core PCOS phenotypes, including insulin resistance and hyperandrogenemia, in RCTs involving patients with PCOS. Treatment should continue for at least eight weeks, with monitoring of metabolic parameters and adverse events. (1B)
Interpretation: Probiotic efficacy is strain-specific, whereas clinical marketing is often genus-level. A result obtained with a defined Lactobacillus or Bifidobacterium strain, dose, and formulation cannot automatically be extrapolated to another strain from the same genus.[25,28,35] For this reason, selection should be based on the exact intervention tested in PCOS RCTs whenever possible, with the product label allowing verification of strain identity, dose, storage requirements, and expiration.
Duration and outcome monitoring should be planned before treatment. Most positive PCOS trials have evaluated interventions for approximately 8–12 weeks, and evidence for clinically meaningful effects over shorter periods is limited.[22,29] Monitoring should therefore focus on pre-specified targets such as fasting insulin, homeostatic model assessment of insulin resistance (HOMA-IR), lipid profile, androgen-related biochemical indices, body weight where relevant, and adverse gastrointestinal effects.[31] Repeating an intervention indefinitely without evidence of benefit is not supported by the guideline.
Clinical implication. Future probiotic trials should report complete strain nomenclature, viable dose at the end of shelf life, formulation, adherence, background diet, concomitant metformin or other medications, and clinically meaningful reproductive outcomes. These details are necessary if the field is to move from broad class effects to precision microbiome intervention.
Question 5: Which dietary patterns are most beneficial for improving PCOS through gut microbiota modulation?
Recommendation 8: A fiber-rich dietary pattern, such as the Mediterranean diet, is strongly recommended for all patients with PCOS as a core strategy for PCOS management and optimization of the gut microbiota. (1B)
Interpretation: The recommendation favors a dietary pattern rather than a single microbiota-targeting nutrient. Mediterranean-style diets combine higher intake of vegetables, fruits, legumes, whole grains, nuts, and unsaturated fats with lower exposure to refined carbohydrates and highly processed foods. Studies in PCOS suggest benefits for insulin resistance, body composition, and cardiometabolic risk, while mechanistic studies support increased fermentable substrate availability, SCFA production, improved barrier function, and reduced inflammatory signaling.[36–44] These pathways are plausible contributors, but the clinical effects of the diet should not be attributed exclusively to microbiome remodeling.
This dietary pattern should be adapted to local food cultures and dietary habits. In the Chinese context, its core principles can be implemented by increasing the intake of whole grains, legumes, and soy products, vegetables, fruits, fish, poultry, and nuts where feasible, while reducing excessive consumption of refined carbohydrates, highly processed foods, and red meat. The goal is to preserve the key nutritional characteristics of the Mediterranean dietary pattern, including high fiber intake, diverse plant-based foods, and high-quality fats, rather than to replicate a Mediterranean menu literally.
Clinical implication. Diet remains a foundational PCOS intervention irrespective of whether microbiome testing is performed. This is consistent with the broader 2023 International Evidence-based PCOS Guideline, in which healthy lifestyle and individualized dietary strategies are central components of care.[45] In practice, the microbiome provides an additional mechanistic rationale for a fiber-rich dietary pattern, but not a justification to delay evidence-based weight, metabolic, fertility, or pharmacologic management.
Question 6: Is FMT applicable to the treatment of PCOS?
Recommendation 9: Currently, no direct research evidence exists on the efficacy of FMT in patients with PCOS. However, clinical application of FMT in other metabolic diseases such as obesity and type 2 diabetes has gradually advanced, accumulating practical experience. Therefore, for patients with PCOS and comorbid obesity or diabetes who have suboptimal responses to lifestyle intervention and standard pharmacotherapy and who explicitly express a willingness to undergo FMT, individualized treatment plans may be developed following existing FMT expert consensus and clinical guidelines. (GPS)
Interpretation: The key consideration in Recommendation 9 is the absence of direct clinical evidence supporting FMT for PCOS. Current evidence is derived largely from experimental PCOS models, whereas clinical data suggesting metabolic benefits come primarily from populations with obesity, metabolic syndrome, or type 2 diabetes.[7,46–48] FMT should therefore not be regarded as an established treatment for PCOS. Any consideration of its use should instead be guided by clear indications, rigorous governance, and safety requirements rather than by a nonspecific diagnosis of dysbiosis. Donor screening, assessment of pathogens and antimicrobial resistance, standardized preparation, traceability, informed consent, and long-term follow-up are essential because transmission of infectious agents and other unintended biological traits remain possible.[49–59] In addition to short-term gastrointestinal adverse effects, uncertainties regarding long-term engraftment, metabolic consequences, and rare adverse events further support restricting FMT to appropriately regulated research settings.
Clinical implication. In patients with PCOS who also have obesity or diabetes, the presence of the comorbidity does not automatically create a PCOS-specific indication for FMT. If FMT is considered, the rationale should derive from applicable evidence or consensus for the comorbid condition, be undertaken in qualified institutions, and preferably occur in a research protocol when the intended goal is improvement of PCOS outcomes. This interpretation preserves the GPS while preventing it from being read as a routine treatment recommendation.
Question 7: How does the gut microbiota influence treatment outcomes in PCOS?
Recommendation 10: Preliminary studies suggest that the gut microbiota may influence the clinical efficacy of PCOS treatments, such as metformin, by affecting drug metabolism. Awareness of this potential interaction is advised in clinical practice, but routine adjustment of treatment plans or microbiota testing to predict drug efficacy is not currently required. (2C)
Interpretation: The relationship between metformin and the gut microbiota appears to be bidirectional. Metformin can modify microbial composition and short-chain fatty acid-related functions, whereas baseline microbiota characteristics may in turn influence gastrointestinal tolerance or metabolic response.[60–65] These findings are relevant to mechanistic research and may ultimately contribute to treatment stratification. However, a potential microbial mediator or biomarker should not yet be interpreted as a clinically actionable decision rule. Current human evidence is insufficient to define a reproducible baseline microbiome profile that predicts metformin response with adequate accuracy for routine clinical use, and differences in sequencing platforms, background diet, treatment adherence, PCOS phenotype, and concomitant therapies further limit the generalizability of proposed microbial signatures.
Clinical implication. Metformin should continue to be prescribed according to established PCOS indications, metabolic phenotype, contraindications, and tolerability rather than according to microbiome results. Routine pre-treatment microbiome testing, probiotic co-prescription solely to improve metformin response, or modification of dose on the basis of an unvalidated microbial signature is premature. Recommendation 10 is therefore primarily a call for clinical awareness and future biomarker research.
Question 8: Does metabolic surgery improve the gut microbiota in patients with PCOS and comorbid obesity?
Recommendation 11: For patients with PCOS and comorbid obesity (body mass index, BMI ≥ 32.5 kg/m²) who have suboptimal responses to lifestyle and pharmacologic interventions, metabolic surgery (e.g., gastric bypass, sleeve gastrectomy) may be cautiously considered after multidisciplinary team evaluation and informed consent. Surgery significantly improves PCOS symptoms and metabolic parameters, with benefits partially attributed to postoperative gut microbiota remodeling. However, surgical risks must be thoroughly evaluated and communicated. (1B)
Interpretation: Metabolic surgery should be selected because a patient meets accepted obesity/metabolic criteria, not because surgery changes the gut microbiota. In appropriately selected women with PCOS and obesity, bariatric or metabolic surgery can produce substantial weight loss and improvement in insulin resistance, menstrual cyclicity, ovulation, and hyperandrogenic features.[66–70] The decision nevertheless requires multidisciplinary assessment of operative risk, nutritional status, reproductive plans, and long-term follow-up.
Recommendation 12: Metabolic surgery effectively remodels the gut microbiota and rapidly improves the reproductive, endocrine, and metabolic phenotypes of patients with PCOS and comorbid obesity. Indications must be applied strictly, and surgical risks must be fully disclosed. (1B)
Interpretation: Microbiome remodeling is best viewed as one component of a multi-system postoperative response. Surgery changes nutrient flow, caloric intake, bile-acid signaling, gut hormones, weight, insulin sensitivity, and microbial ecology simultaneously.[71,72] Observed increases in microbial diversity or shifts in beneficial taxa may contribute to metabolic improvement, but these changes should not be presented as the sole mechanism or as a stand-alone indication for surgery.
Clinical implication. Recommendations 11 and 12 reinforce established surgical principles: careful patient selection, informed consent, standardized perioperative management, prevention and treatment of nutritional deficiencies, and lifelong follow-up.[73–75] Reproductive counseling is essential, including the recommendation to postpone conception during the period of rapid postoperative weight loss and nutritional stabilization. Microbiome research around surgery is valuable, but it should not obscure these conventional safety priorities.
Question 9: In patients with PCOS and anxiety/depression, should the “gut-brain axis” be considered? What is the clinical significance of such interventions?
Recommendation 13: Integration of mental health screening and management into the routine clinical pathway for PCOS, as a core component of the overall treatment plan, is strongly recommended. In comprehensive management, improving the gut microbiota may be explored as an adjunctive intervention, and its effect on mood symptoms should be systematically evaluated in future clinical studies. (GPS)
Recommendation 14: For mental health screening in patients with PCOS, standardized tools such as the Self-Rating Depression Scale (SDS), Self-Rating Anxiety Scale (SAS), Patient Health Questionnaire (PHQ-9), or Generalized Anxiety Disorder-7 (GAD-7) can be routinely used. Patients with positive screening results should be promptly referred to a psychology or psychiatry department for specialized evaluation and intervention, and their psychological status should undergo ongoing monitoring throughout the PCOS treatment. (1B)
Interpretation: Mental-health screening is a mature clinical priority, whereas microbiome-based treatment of psychiatric symptoms remains exploratory. Depression and anxiety occur more frequently in PCOS and can worsen quality of life, treatment adherence, weight management, and reproductive care.[76] Routine use of validated instruments such as PHQ-9 or GAD-7, followed by appropriate referral when screening is positive, is therefore clinically actionable independent of any microbiome hypothesis.
Recommendation 15: It should be recognized that the disruption of the “gut-brain axis” is an important mechanism for the occurrence of anxiety/depression in patients with PCOS. However, there is currently a lack of high-quality evidence to support the use of regulating the gut microbiota (such as probiotics) as a first-line treatment independently of conventional psychological and lifestyle interventions. (2C)
Interpretation: The gut-brain axis offers a plausible mechanistic framework but not a substitute for psychiatric care. Stress can influence intestinal permeability, immune activity, and microbial composition, whereas microbial metabolites and inflammatory signaling can in turn affect neural and neuroendocrine pathways.[77–80] Experimental and pilot studies of psychobiotics or probiotics are of interest,[77,81,82] but PCOS-specific evidence is not sufficiently mature to support microbiota modulation as first-line treatment for anxiety or depression.
Clinical implication. Recommendations 13–15 should be implemented in two layers: first, systematic identification and evidence-based management of mental-health problems; second, research into whether microbiome-targeted approaches provide incremental benefit. Clinicians should avoid framing probiotics or gut-directed interventions as alternatives to psychological therapy, psychiatric assessment, or indicated pharmacotherapy.
USING THE CLINICAL INTERVENTION FLOWCHART
Figure 1 is best understood as a hierarchy of clinical decisions rather than a sequence requiring microbiome testing for every patient. Initial assessment should characterize the PCOS phenotype, metabolic risk, diet, gastrointestinal symptoms, current treatment, and mental-health status. Core management remains lifestyle-based and should be integrated with established pharmacologic or reproductive treatment according to the patient's indication. Microbiota-related measures such as a fiber-rich diet or selected probiotic/prebiotic products can then be considered as adjuncts when supported by the patient's goals and the available evidence. Highly specialized measures such as FMT or metabolic surgery belong in distinct pathways governed by their own indications, safety requirements, and multidisciplinary oversight.
[image: Figure 1]
Figure 1. Clinical implementation framework for gut microbiota-related management in polycystic ovary syndrome
The flowchart should also be used to avoid therapeutic escalation based solely on an abnormal commercial microbiome report. A change in microbial composition is not itself a treatment target unless the intervention has demonstrated clinically meaningful benefit in an appropriate population. Follow-up should therefore prioritize outcomes that matter to the patient, including metabolic control, menstrual function, ovulation or fertility when relevant, weight-related outcomes, adverse effects, and psychological well-being, rather than normalization of a microbial metric without established clinical significance.
DISCUSSION
What this guideline adds?
The principal contribution of the guideline is to place microbiome science within a graded clinical framework for PCOS. It recognizes that the microbiota is relevant to disease biology while resisting the assumption that every mechanistic association is ready for clinical use. Across the 15 recommendations, a coherent translational hierarchy emerges: established PCOS care remains the foundation; diet and selected probiotic or prebiotic interventions may be integrated as adjuncts; microbiome profiling is primarily a research tool; and FMT or other invasive microbiome-directed interventions require much stronger indication and governance. This hierarchy is particularly important in a field where commercial availability has advanced more rapidly than clinical validation.
Relationship to existing PCOS and microbiome guidance
This guideline should be viewed as complementary to, rather than a replacement for, the 2023 International Evidence-based Guideline for PCOS.[45] The international guideline addresses the full spectrum of diagnosis, lifestyle management, cardiometabolic risk, psychological health, pharmacologic treatment, infertility, and reproductive care. The present microbiome-focused guideline adds a specialized translational layer to that framework. Areas of convergence include the central role of lifestyle intervention, the need to address psychological health, and careful selection of metabolic surgery. The key difference is that the microbiome-focused guideline explicitly evaluates interventions and tests whose role in routine PCOS care remains less mature.
The recommendations on microbiome testing also align with the 2025 international consensus statement on microbiome testing in clinical practice.[20] Both documents emphasize methodological standardization, cautious interpretation, and the current lack of evidence for widespread routine clinical testing. This convergence is clinically useful because it provides a safeguard against interpreting taxonomic variation as a validated diagnosis or using unstandardized reports to direct supplements, medications, or restrictive diets.
Strengths of the guideline
Several features strengthen the guideline. First, it focuses on questions that clinicians are already encountering, including probiotic selection, testing methods, FMT, metabolic surgery, and the gut-brain axis. Second, it uses GRADE to make uncertainty visible rather than hiding it behind mechanistic enthusiasm. Third, it integrates evidence from Chinese and international populations and explicitly considers the feasibility of translation. Finally, by combining clinical and mechanistic questions, it creates a bridge between reproductive medicine and microbiome science that may help standardize future research and reduce fragmented study design.
Limitations and interpretive cautions
The same breadth that makes the guideline useful also creates limitations. Much of the PCOS microbiome literature is cross-sectional, and many intervention studies are small, short, or heterogeneous in product composition and background treatment. Several recommendations therefore rely on moderate or low-certainty evidence, indirect evidence from other metabolic diseases, or GPS-level expert judgment. Surrogate outcomes such as HOMA-IR, inflammatory markers, or hormone concentrations are more frequently reported than sustained ovulation, menstrual regularity, pregnancy, live birth, or long-term cardiometabolic events. Consequently, a biological effect on the microbiota should not be equated with a clinically important effect unless patient-centered outcomes have also been demonstrated.
A second limitation is the instability of taxonomic findings across cohorts. Stool microbiota composition is shaped by diet, geography, obesity, medication exposure, ethnicity, sequencing methods, and other environmental variables.[11–14,17–19] A future PCOS "microbial signature" will therefore require external validation across populations and should ideally incorporate function, metabolites, and host phenotype rather than rely on relative abundance of a small number of taxa. The guideline appropriately stops short of defining such a signature for current clinical use.
Priorities for future research
Future studies should move from descriptive microbiome comparisons toward reproducible, clinically anchored designs. Prospective multicenter cohorts should standardize stool collection, DNA extraction, sequencing, bioinformatics, diet assessment, medication exposure, and metabolic phenotyping. Intervention trials should specify probiotic strains and viable dose, prebiotic formulation, adherence, co-interventions, and prespecified primary outcomes. For reproductive medicine, trials should extend beyond biochemical surrogates to menstrual regularity, ovulation, oocyte or embryo outcomes where appropriate, pregnancy, and live birth. Long-term follow-up is also needed to determine whether short-term metabolic improvements persist after supplementation is stopped.
Mechanistic studies should additionally test mediation rather than merely report parallel changes in microbiota and phenotype. Integrating metagenomics with microbial metabolites, bile acids, SCFAs, host inflammatory pathways, and endocrine measures may help identify functional pathways that are more reproducible than taxonomic markers alone. For metformin and other pharmacologic therapies, predictive models should be externally validated before microbiome features are used to alter treatment. For FMT, PCOS-specific trials would require especially rigorous donor screening, safety monitoring, predefined reproductive and metabolic endpoints, and long-term surveillance before any routine indication could be justified.
Implementation and dissemination
Implementation should emphasize clinical education and shared decision-making. Clinicians need to explain to patients that "microbiome-related" does not necessarily mean "microbiome-tested" and that an intervention can be reasonable because of its overall nutritional or metabolic benefit even when a personalized microbiome test is unnecessary. Dietitians, endocrinologists, reproductive specialists, mental-health professionals, and microbiome researchers should use common terminology and distinguish established care, adjunctive options, and investigational procedures. Local audit of probiotic prescribing, commercial microbiome testing, and referral for invasive microbiota interventions may help identify areas in which practice has moved ahead of evidence.
Periodic updating will be particularly important because the evidence base is rapidly evolving. New strain-specific RCTs, standardized metagenomic cohorts, microbiome-derived biomarkers, and intervention studies may alter the strength or scope of current recommendations. Until such evidence emerges, implementation should favor interventions with independent general health benefits and low risk, preserve established PCOS management, and avoid irreversible or invasive steps on the basis of preliminary microbial associations.
CONCLUSION
The 2026 PCOS and gut microbiota guideline provides a structured framework for translating a rapidly developing research field into clinical practice. Its central message is not that microbiome-directed care should replace established PCOS management, but that microbiome evidence should be used at a level proportionate to its maturity. Microbiome profiling is currently most appropriate for research; selected probiotic, prebiotic, and dietary strategies may be used as adjuncts; treatment decisions for metformin, mental-health care, and metabolic surgery should remain anchored in established clinical indications; and FMT should not be regarded as routine PCOS therapy in the absence of direct clinical evidence. Standardized methods, phenotype-aware study design, patient-centered outcomes, and long-term safety data will determine whether microbiome science can progress from association and mechanistic plausibility to precise and durable benefit for patients with PCOS.
DECLARATION
Acknowledgments
Not applicable.
Author contributions
Dai FF: Investigation, Methodology, Writing—Original draft preparation. Li R: Conceptualization, Methodology, Supervision, Project administration. Mu LS: Conceptualization, Supervision, Project administration, Writing—Review and Editing. Yin TL: Conceptualization, Supervision, Project administration, Writing—Review and Editing.
Source of funding
This work was supported by Science and Technology Basic Resources Survey Special Project (2025FY102100); National Key Research and Development Program of China (2024YFC2706900).
Ethical approval
Not applicable.
Informed consent
Not applicable.
Use of large language models, AI and machine learning tools
A large language model was used to assist with language editing and structural refinement. All scientific content, interpretations, and final wording were critically reviewed and approved by the authors.
Data availability statement
All data generated or analyzed during this study are included in this published article.
Conflict of interest
The authors declare that they have no conflicts of interest.

                REFERENCES
	Chinese Association of Reproductive Medicine. Polycystic ovary syndrome and gut microbiota: basic research and clinical translation practice guidelines (2026). Chin J Reprod Contracept. 2026;46(07): 712-723.    DOI: 10.3760/cma.j.cn101441-20260305-00094
	Yu O, Christ JP, Schulze-Rath R, Covey J, Kelley A, Grafton J, et al. Incidence, prevalence, and trends in polycystic ovary syndrome diagnosis: a United States population-based study from 2006 to 2019. Am J Obstet Gynecol. 2023;229(1):39.e1-39.e12.    DOI: 10.1016/j.ajog.2023.04.010    PMID: 37061077
	Huddleston HG, Dokras A. Diagnosis and treatment of polycystic ovary syndrome. JAMA. 2022;327(3): 274-275.    DOI: 10.1001/jama.2021.23769
	Chu W, Han Q, Xu J, et al. Metagenomic analysis identified microbiome alterations and pathological association between intestinal microbiota and polycystic ovary syndrome. Fertil Steril. 2020;113(6):1286-1298.e4.    DOI: 10.1016/j.fertnstert.2020.01.027
	Zhang J, Sun Z, Jiang S, et al. Probiotic Bifidobacterium lactis V9 regulates the secretion of sex hormones in polycystic ovary syndrome patients through the gut-brain axis. mSystems. 2019;4(2):e00017-19.    DOI: 10.1128/mSystems.00017-19    PMID: 31020040
	Torres PJ, Siakowska M, Banaszewska B, et al. Gut microbial diversity in women with polycystic ovary syndrome correlates with hyperandrogenism. J Clin Endocrinol Metab. 2018;103(4):1502-1511.    DOI: 10.1210/jc.2017-02153    PMID: 29370410
	Qi X, Yun C, Sun L, et al. Gut microbiota-bile acid-interleukin-22 axis orchestrates polycystic ovary syndrome. Nat Med. 2019;25(8): 1225-1233.    DOI: 10.1038/s41591-019-0509-0    PMID: 31332392
	Starling S. Key role for gut microbiota in PCOS development. Nat Rev Endocrinol. 2021;17(9): 515.    DOI: 10.1038/s41574-021-00534-w
	Lindheim L, Bashir M, Münzker J, et al. Alterations in gut microbiome composition and barrier function are associated with reproductive and metabolic defects in women with polycystic ovary syndrome (PCOS): A pilot study. PLoS One. 2017;12(1):e0168390.    DOI: 10.1371/journal.pone.0168390    PMID: 28045919
	Zhou Q, Xing D, Li Q, et al. An extension of the RIGHT statement for introductions and interpretations of clinical practice guidelines: RIGHT for INT. J Evid Based Med. 2022;15(1): 55-63.    DOI: 10.1111/jebm.12466    PMID: 35416438
	da Silva TR, Marchesan LB, Rampelotto PH, et al. Gut microbiota and gut-derived metabolites are altered and associated with dietary intake in women with polycystic ovary syndrome. J Ovarian Res. 2024;17(1):232.    DOI: 10.1186/s13048-024-01550-w
	Yang Y, Cheng J, Liu C, et al. Gut microbiota in women with polycystic ovary syndrome: An individual based analysis of publicly available data. eClinicalMedicine. 2024;77: 102884.
	He Y, Wu W, Zheng HM, et al. Regional variation limits applications of healthy gut microbiome reference ranges and disease models. Nat Med. 2018;24(10): 1532-1535.    DOI: 10.1038/s41591-018-0164-x    PMID: 30150716
	Alili R, Belda E, Fabre O, et al. Characterization of the gut microbiota in individuals with overweight or obesity during a real-world weight loss dietary program: a focus on the Bacteroides 2 enterotype. Biomedicines. 2022;10(1): 16.    DOI: 10.3390/biomedicines10010016
	Mao RL, Wang XF, Zhou JP, et al. Causal relationships between gut microbiota and polycystic ovarian syndrome: A bidirectional Mendelian randomization study. Acta Obstet Gynecol Scand. 2024;103(11): 2232-2241.    DOI: 10.1111/aogs.14957
	Li JW, Chen YZ, Zhang Y, et al. Gut microbiota and risk of polycystic ovary syndrome: Insights from Mendelian randomization. Heliyon. 2023;9(12): e22155.    DOI: 10.1016/j.heliyon.2023.e22155    PMID: 38125500
	Sinha R, Abu-Ali G, Vogtmann E, et al. Assessment of variation in microbial community amplicon sequencing by the Microbiome Quality Control (MBQC) project consortium. Nat Biotechnol. 2017;35(11): 1077-1086.    DOI: 10.1038/nbt.3981
	Costea PI, Zeller G, Sunagawa S, et al. Towards standards for human fecal sample processing in metagenomic studies. Nat Biotechnol. 2017;35(11): 1069-1076.    DOI: 10.1038/nbt.3960    PMID: 28967887
	Knight R, Vrbanac A, Taylor BC, et al. Best practices for analysing microbiomes. Nat Rev Microbiol. 2018;16(7): 410-422.    DOI: 10.1038/s41579-018-0029-9    PMID: 29795328
	Porcari S, Mullish BH, Asnicar F, et al. International consensus statement on microbiome testing in clinical practice. Lancet Gastroenterol Hepatol. 2025;10(2): 154-167.    DOI: 10.1016/S2468-1253(24)00311-X    PMID: 39647502
	Noecker C, Turnbaugh PJ. Emerging tools and best practices for studying gut microbial community metabolism. Nat Metab. 2024;6(7): 1225-1236.    DOI: 10.1038/s42255-024-01074-z
	Martinez Guevara D, Vidal Cañas S, Palacios I, et al. Effectiveness of probiotics, prebiotics, and synbiotics in managing insulin resistance and hormonal imbalance in women with polycystic ovary syndrome (PCOS): A systematic review of randomized clinical trials. Nutrients. 2024;16(22):3916.    DOI: 10.3390/nu16223916    PMID: 39599701
	Heshmati J, Farsi F, Yosaee S, et al. The effects of probiotics or synbiotics supplementation in women with polycystic ovarian syndrome: a systematic review and meta-analysis of randomized clinical trials. Probiotics Antimicrob Proteins. 2019;11(4): 1236-1247.    DOI: 10.1007/s12602-018-9493-9    PMID: 30547393
	Chudzicka-Strugała I, Kubiak A, Banaszewska B, et al. Effects of synbiotic supplementation and lifestyle modifications on women with polycystic ovary syndrome. J Clin Endocrinol Metab. 2021;106(9): 2566-2573.    DOI: 10.1210/clinem/dgab369    PMID: 34050763
	Kaur I, Suri V, Sachdeva N, et al. Efficacy of multi-strain probiotic along with dietary and lifestyle modifications on polycystic ovary syndrome: A randomised, double-blind placebo-controlled study. Eur J Nutr. 2022;61(8): 4145-4154.    DOI: 10.1007/s00394-022-02959-z    PMID: 35857132
	Angoorani P, Ejtahed HS, Ettehad Marvasti F, et al. The effects of probiotics, prebiotics, and synbiotics on polycystic ovarian syndrome: An overview of systematic reviews. Front Med (Lausanne). 2023;10: 1141355.    DOI: 10.3389/fmed.2023.1141355    PMID: 37359018
	Calcaterra V, Rossi V, Massini G, Casini F, Zuccotti G, Fabiano V. Probiotics and polycystic ovary syndrome: A perspective for management in adolescents with obesity. Nutrients. 2023;15(14): 3144.    DOI: 10.3390/nu15143144    PMID: 37513562
	Shirani M, Bagherniya M, Sadeghi O, et al. Effects of supplementation with two probiotic strains (Lactobacillus helveticus and Bifidobacterium longum) on hormonal status, oxidative stress, and clinical symptoms in women with polycystic ovary syndrome: A randomized clinical trial. Nutr J. 2025;24(1): 175.    DOI: 10.1186/s12937-025-01240-3    PMID: 41254712
	Szydłowska I, Nawrocka-Rutkowska J, Gorzko A, Pawłowski H, Starczewski A, Szczuko M. Changes in hormonal profile and body mass index in women with polycystic ovary syndrome after probiotic intake: A 12-week placebo-controlled and randomized clinical study. Nutrients. 2025;17(3): 405.    DOI: 10.3390/nu17030405    PMID: 39940263
	Li Y, Tan Y, Xia G, Shuai J. Effects of probiotics, prebiotics, and synbiotics on polycystic ovary syndrome: A systematic review and meta-analysis. Crit Rev Food Sci Nutr. 2023;63(4): 522-538.    DOI: 10.1080/10408398.2021.1951155    PMID: 34287081
	Tabrizi R, Ostadmohammadi V, Akbari M, et al. The effects of probiotic supplementation on clinical symptom, weight loss, glycemic control, lipid and hormonal profiles, biomarkers of inflammation, and oxidative stress in women with polycystic ovary syndrome: A systematic review and meta-analysis of randomized controlled trials. Probiotics Antimicrob Proteins. 2022;14(1): 1-14.    DOI: 10.1007/s12602-019-09559-0    PMID: 31165401
	Li T, Zhang Y, Song J, Chen L, Du M, Mao X. Yogurt enriched with inulin ameliorated reproductive functions and regulated gut microbiota in dehydroepiandrosterone-induced polycystic ovary syndrome mice. Nutrients. 2022;14(2): 279.    DOI: 10.3390/nu14020279    PMID: 35057459
	Geng L, Yang X, Sun J, et al. Gut microbiota modulation by inulin improves metabolism and ovarian function in polycystic ovary syndrome. Adv Sci (Weinh). 2025;12(20): 2412558.    DOI: 10.1002/advs.202412558
	Ziaei R, Shahshahan Z, Ghasemi-Tehrani H, Heidari Z, Ghiasvand R. Effects of inulin-type fructans with different degrees of polymerization on inflammation, oxidative stress and endothelial dysfunction in women with polycystic ovary syndrome: A randomized, double-blind, placebo-controlled trial. Clin Endocrinol (Oxf). 2022;97(3): 319-330.    DOI: 10.1111/cen.14712    PMID: 35261049
	Samimi M, Dadkhah A, Haddad Kashani H, Tajabadi-Ebrahimi M, Seyed Hosseini E, Asemi Z. The effects of synbiotic supplementation on metabolic status in women with polycystic ovary syndrome: A randomized double-blind clinical trial. Probiotics Antimicrob Proteins. 2019;11(4): 1355-1361.    DOI: 10.1007/s12602-018-9405-z    PMID: 29532416
	Scannell N, Villani A, Moran L, Mantzioris E, Cowan S. A pilot study on ad libitum Mediterranean diet intervention for women with PCOS: A mixed-methods exploration of acceptability, adherence, and participant lived experience. Nutrients. 2025;17(7): 1105.    DOI: 10.3390/nu17071105    PMID: 40218863
	Mei S, Ding J, Wang K, Ni Z, Yu J. Mediterranean diet combined with a low-carbohydrate dietary pattern in the treatment of overweight polycystic ovary syndrome patients. Front Nutr. 2022;9:876620.    DOI: 10.3389/fnut.2022.876620    PMID: 35445067
	Shang Y, Zhou H, He R, Lu W. Dietary modification for reproductive health in women with polycystic ovary syndrome: a systematic review and meta-analysis. Front Endocrinol (Lausanne). 2021;12: 735954.    DOI: 10.3389/fendo.2021.735954
	Willett WC, Sacks F, Trichopoulou A, et al. Mediterranean diet pyramid: A cultural model for healthy eating. Am J Clin Nutr. 1995;61(6 Suppl): 1402S-1406S.    DOI: 10.1093/ajcn/61.6.1402S    PMID: 7754995
	Barrea L, Arnone A, Annunziata G, et al. Adherence to the Mediterranean diet, dietary patterns and body composition in women with polycystic ovary syndrome (PCOS). Nutrients. 2019;11(10): 2278.    DOI: 10.3390/nu11102278    PMID: 31547562
	Kim N, Yang C. Butyrate as a potential modulator in gynecological disease progression. Nutrients. 2024;16(23): 4196.    DOI: 10.3390/nu16234196    PMID: 39683590
	Barber TM, Kabisch S, Pfeiffer AFH, Weickert MO. The effects of the Mediterranean diet on health and gut microbiota. Nutrients. 2023;15(9): 2150.    DOI: 10.3390/nu15092150
	Maiuolo J, Bulotta RM, Ruga S, et al. The postbiotic properties of butyrate in the modulation of the gut microbiota: The potential of its combination with polyphenols and dietary fibers. Int J Mol Sci. 2024;25(13):6971.    DOI: 10.3390/ijms25136971    PMID: 39000076
	Rosés C, Cuevas-Sierra A, Quintana S, et al. Gut microbiota bacterial species associated with Mediterranean diet-related food groups in a northern Spanish population. Nutrients. 2021;13(2): 636.    DOI: 10.3390/nu13020636    PMID: 33669303
	Teede HJ, Misso ML, Costello MF, et al. Recommendations from the international evidence-based guideline for the assessment and management of polycystic ovary syndrome. Clin Endocrinol (Oxf). 2018;89(3): 251-268.    DOI: 10.1111/cen.13795
	Allegretti JR, Kassam Z, Mullish BH, et al. Effects of fecal microbiota transplantation with oral capsules in obese patients. Clin Gastroenterol Hepatol. 2020;18(4): 855-863.e2.    DOI: 10.1016/j.cgh.2019.07.006    PMID: 31301451
	Kootte RS, Levin E, Salojärvi J, et al. Improvement of insulin sensitivity after lean donor feces in metabolic syndrome is driven by baseline intestinal microbiota composition. Cell Metab. 2017;26(4): 611-619.e6.    DOI: 10.1016/j.cmet.2017.09.008    PMID: 28978426
	Yu EW, Gao L, Stastka P, et al. Fecal microbiota transplantation for the improvement of metabolism in obesity: The FMT-TRIM double-blind placebo-controlled pilot trial. PLoS Med. 2020;17(3):e1003051.    DOI: 10.1371/journal.pmed.1003051    PMID: 32150549
	DeFilipp Z, Bloom PP, Torres Soto M, et al. Drug-resistant E. coli bacteremia transmitted by fecal microbiota transplant. N Engl J Med. 2019;381(21): 2043-2050.    DOI: 10.1056/NEJMoa1910437    PMID: 31665575
	Ianiro G, Mullish BH, Kelly CR, et al. Screening of faecal microbiota transplant donors during the COVID-19 outbreak: suggestions for urgent updates from an international expert panel. Lancet Gastroenterol Hepatol. 2020;5(5): 430-432.    DOI: 10.1016/S2468-1253(20)30082-0    PMID: 32192627
	Brandt LJ, Aroniadis OC, Mellow M, et al. Long-term follow-up of colonoscopic fecal microbiota transplant for recurrent Clostridium difficile infection. Am J Gastroenterol. 2012;107(7): 1079-1087.    DOI: 10.1038/ajg.2012.60    PMID: 22450732
	Alang N, Kelly CR. Weight gain after fecal microbiota transplantation. Open Forum Infect Dis. 2015;2(1): ofv004.    DOI: 10.1093/ofid/ofv004
	Chen Q, Yang B, Tian H, et al. Five-year follow-up analysis of therapeutic effect and complications in 3932 cases of fecal microbiota transplantation. Chin J Dig. 2020;40(11):768-777.    DOI: 10.3760/cma.j.cn311367-20200706-00432
	Tian HL, Wang L, Ma CL, et al. Fecal microbiota transplantation for the treatment of intestinal disorders: An analysis of treatment of 15 000 patients. Chin J Gastrointest Surg. 2025;28(3):296-303    DOI: 10.3760/cma.j.cn441530-20250114-00025
	Cammarota G, Ianiro G, Tilg H, et al. European consensus conference on faecal microbiota transplantation in clinical practice. Gut. 2017;66(4): 569-580.    DOI: 10.1136/gutjnl-2016-313017
	Kao D, Roach B, Silva M, et al. Effect of oral capsule- vs colonoscopy-delivered fecal microbiota transplantation on recurrent Clostridium difficile infection: A randomized clinical trial. JAMA. 2017;318(20): 1985-1993.    DOI: 10.1001/jama.2017.17077    PMID: 29183074
	Guo Z, Wang Q. Chinese expert consensus on standardized technical specifications for laboratory preparation and quality control of fecal microbiota transplantation (2023 edition). Chin J Microecol. 2024;36(6): 705-711.    DOI: 10.13381/j.cnki.cjm.202406013
	Yuan H, Yang J, Deng X, et al. Expert consensus on intestinal microecological preparations and fecal microbiota transplantation in the treatment of obesity. J Chin Pract Diagn Ther. 2025;39(3): 193-202.    DOI: 10.13507/j.issn.1674-3474.2025.03.001
	Chen R, Yang R, Chen H. Expert consensus on fecal microbiota transplantation for intervention in obesity-diabetes. South China J Prev Med. 2022;48(10):1165-1169.    DOI: 10.12183/j.scjpm.2022.1165
	Bonnet F, Scheen A. Understanding and overcoming metformin gastrointestinal intolerance. Diabetes Obes Metab. 2017;19(4): 473-481.    DOI: 10.1111/dom.12854
	Elbere I, Silamikelis I, Dindune II, et al. Baseline gut microbiome composition predicts metformin therapy short-term efficacy in newly diagnosed type 2 diabetes patients. PLoS One. 2020;15(10): e0241338.    DOI: 10.1371/journal.pone.0241338    PMID: 33125401
	Kukaev E, Kirillova E, Tokareva A, Rimskaya E, Starodubtseva N, Chernukha G, et al. Impact of gut microbiota and SCFAs in the pathogenesis of PCOS and the effect of metformin therapy. Int J Mol Sci. 2024;25(19):10636.    DOI: 10.3390/ijms251910636    PMID: 39408965
	Xue J, Li X, Liu P, et al. Inulin and metformin ameliorate polycystic ovary syndrome via anti-inflammation and modulating gut microbiota in mice. Endocr J. 2019;66(10): 859-870.    DOI: 10.1507/endocrj.EJ18-0567    PMID: 31270279
	Gan J, Chen J, Ma RL, et al. Metagenomics study on taxonomic and functional change of gut microbiota in patients with obesity with PCOS treated with exenatide combination with metformin or metformin alone. Gynecol Endocrinol. 2023;39(1): 2219342.    DOI: 10.1080/09513590.2023.2219342
	Xu Y, Ning L, Si Y, Li X, Wang R, Ren Q. Metformin-mediated intestinal AMPK activation ameliorates PCOS through gut microbiota modulation and metabolic pathways. Front Endocrinol (Lausanne). 2025;16:1526109.    DOI: 10.3389/fendo.2025.1526109    PMID: 40041289
	Singh D, Arumalla K, Aggarwal S, Singla V, Ganie A, Malhotra N. Impact of bariatric surgery on clinical, biochemical, and hormonal parameters in women with polycystic ovary syndrome (PCOS). Obes Surg. 2020;30(6): 2294-2300.    DOI: 10.1007/s11695-020-04487-3    PMID: 32088855
	Lacey H, Attersley-Smith S, Stone S, Whyte M, Shawe J, Hart K. Quality of life improvements after bariatric surgery in reproductive age women with and without PCOS: A cohort study. Minerva Obstet Gynecol. 2023;75(3): 251-259.    DOI: 10.23736/S2724-606X.21.05011-9
	Christ JP, Falcone T. Bariatric surgery improves hyperandrogenism, menstrual irregularities, and metabolic dysfunction among women with polycystic ovary syndrome (PCOS). Obes Surg. 2018;28(8): 2171-2177.    DOI: 10.1007/s11695-018-3155-6    PMID: 29500679
	Samarasinghe SNS, Woods C, Miras AD. Bariatric surgery in women with polycystic ovary syndrome. Metabolism. 2024;151: 155745.    DOI: 10.1016/j.metabol.2023.155745
	Voros C, Varthaliti A, Bananis K, et al. The relationship between obesity, bariatric surgery, and infertility: a systematic review. Life (Basel). 2025;15(5): 758.    DOI: 10.3390/life15050758    PMID: 40430186
	Lin W, Wen L, Wen J, Xiang G. Effects of sleeve gastrectomy on fecal gut microbiota and short-chain fatty acid content in a rat model of polycystic ovary syndrome. Front Endocrinol. 2021;12: 747888.    DOI: 10.3389/fendo.2021.747888    PMID: 34858330
	Li H, He J, Hou J, et al. Intestinal rearrangement of biliopancreatic limbs, alimentary limbs, and common limbs in obese type 2 diabetic mice after duodenal jejunal bypass surgery. Front Endocrinol (Lausanne). 2024;15: 1456885.    DOI: 10.3389/fendo.2024.1456885    PMID: 39845886
	Thyroid and Metabolic Surgery Group of the Surgery Branch of the Chinese Medical Association, Expert Working Group on Obesity and Metabolic Surgery of the Surgery Branch of the Chinese Medical Doctor Association, Metabolic Diseases Committee of the Chinese Medical Education Association, et al. Chinese expert consensus on bariatric metabolic surgery in the treatment of obesity complicated with polycystic ovary syndrome (2025 edition). Chin J Gen Surg. 2025;34(2): 183-189.    DOI: 10.7659/j.issn.1005-6947.250057
	di Lorenzo N, Antoniou SA, Batterham RL, et al. Clinical practice guidelines of the European Association for Endoscopic Surgery (EAES) on bariatric surgery: update 2020 endorsed by IFSO-EC, EASO and ESPCOP. Surg Endosc. 2020;34(6): 2332-2358.    DOI: 10.1007/s00464-020-07555-y    PMID: 32328827
	Mechanick JI, Apovian C, Brethauer S, et al. Clinical practice guidelines for the perioperative nutrition, metabolic, and nonsurgical support of patients undergoing bariatric procedures—2019 update: Cosponsored by American Association of Clinical Endocrinologists/American College of Endocrinology, The Obesity Society, American Society for Metabolic & Bariatric Surgery, Obesity Medicine Association, and American Society of Anesthesiologists. Surg Obes Relat Dis. 2020;16(2): 175-247.    DOI: 10.1016/j.soard.2019.10.025    PMID: 31917200
	Teede HJ, Misso ML, Costello MF, et al. Erratum. Recommendations from the international evidence-based guideline for the assessment and management of polycystic ovary syndrome. Hum Reprod. 2019;34(2): 388.    DOI: 10.1093/humrep/dey363
	Meng C, Feng S, Hao Z, Liu H. A combination of potential psychobiotics alleviates anxiety and depression behaviors induced by chronic unpredictable mild stress. NPJ Biofilms Microbiomes. 2025;11(1): 147.    DOI: 10.1038/s41522-025-00779-7    PMID: 40738889
	Allen JM, Mackos AR, Jaggers RM, et al. Psychological stress disrupts intestinal epithelial cell function and mucosal integrity through microbe and host-directed processes. Gut Microbes. 2022;14(1): 2035661.    DOI: 10.1080/19490976.2022.2035661    PMID: 35184677
	Maqsood S, Asif M, Shakoor S, Saddiqa A. Modulating metabolism and reproductive health through microbiome driven gut-brain axis therapies. Microb Pathogen. 2025;209: 108113.    DOI: 10.1016/j.micpath.2025.108113
	Makris AP, Karianaki M, Tsamis KI, Paschou SA. The role of the gut-brain axis in depression: endocrine, neural, and immune pathways. Hormones (Athens). 2021;20(1): 1–12.    DOI: 10.1007/s42000-020-00236-4    PMID: 32827123
	Liu P, Liu Z, Wang J, et al. Immunoregulatory role of the gut microbiota in inflammatory depression. Nat Commun. 2024;15(1): 3003.    DOI: 10.1038/s41467-024-47273-w    PMID: 38589368
	Martin FP, Cominetti O, Berger B, et al. Metabolome-associated psychological comorbidities improvement in irritable bowel syndrome patients receiving a probiotic. Gut Microbes. 2024;16(1): 2347715.    DOI: 10.1080/19490976.2024.2347715    PMID: 38717445


				
            


        

    

	
