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Abstract :

Polycystic Ovary Syndrome (PCOS) represents a multifaceted endocrine disorder impacting
approximately 5-20% of women in their reproductive years, manifesting through
hyperandrogenism, irregular ovulation, and polycystic ovarian morphology. Recent
investigations underscore the pivotal role of gut microbiota dysbiosis in exacerbating PCOS
pathophysiology, including insulin resistance, chronic inflammation, and hormonal
dysregulation. This systematic review synthesizes evidence from 25 randomized controlled trials
(RCTs) and meta-analyses, encompassing over 1,500 participants, to assess the therapeutic
potential of probiotic supplementation—alone or in synbiotic form—in modulating PCOS-related
parameters. Key outcomes reveal that probiotics, particularly multi-strain formulations involving
Lactobacillus and Bifidobacterium species, significantly ameliorate insulin resistance (weighted
mean difference [WMD] in HOMA-IR: -0.49; 95% CI: -0.78 to -0.19), fasting plasma glucose
(WMD: -7.5 mg/dL; 95% CI: -13.60 to -0.51), and lipid profiles (e.g., triglycerides: WMD: -
17.51 mg/dL; 95% CI: -29.65 to -5.36). Hormonal improvements include elevated sex hormone-
binding globulin (SHBG) (WMD: +3.95 nmol/L; 95% CI: -6.20 to 14.12) and reduced total
testosterone (WMD: -0.19 ng/mL; 95% CI: -0.30 to -0.08). Synbiotics enhance these effects by
incorporating prebiotics, fostering greater microbial diversity. Nonetheless, variability in strain
specificity, dosage (typically 1079-10"10 CFU/day), and intervention duration (8-12 weeks)
contributes to inconsistent findings on anthropometric measures and inflammatory markers like
C-reactive protein (CRP). This review highlights a critical research gap: the paucity of long-term
studies (>6 months) in diverse populations, including adolescents and non-obese phenotypes, and
calls for personalized microbiota-targeted therapies. Probiotics emerge as a safe, adjunctive
strategy to conventional treatments like metformin, potentially mitigating gastrointestinal side
effects and improving overall metabolic health in PCOS management.
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Methods

This comprehensive review adheres to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines to ensure methodological rigor. A systematic literature
search was conducted across databases including PubMed, Scopus, Web of Science, and
Cochrane Library from inception to December 2025, using keywords such as "probiotics,"
"synbiotics," "prebiotics," "polycystic ovary syndrome," "PCOS," "gut microbiota," "insulin
resistance," and "hormonal profiles." Inclusion criteria encompassed randomized controlled trials
(RCTs), systematic reviews, and meta-analyses involving adult women (aged 18-45) diagnosed
with PCOS per Rotterdam criteria, evaluating probiotic or synbiotic interventions lasting at least
8 weeks. Exclusion criteria included non-randomized studies, animal models, or interventions
without a placebo control. Two independent reviewers screened titles and abstracts, with full-text
assessments resolving discrepancies through consensus. Data extraction focused on participant
demographics, intervention details (strains, dosage, duration), and outcomes (e.g., HOMA-IR,
fasting glucose, testosterone, SHBG, lipids, inflammation markers). Quality assessment utilized
the Cochrane Risk of Bias Tool for RCTs and AMSTAR-2 for meta-analyses, rating evidence
certainty via GRADE methodology. Pooled effect sizes were calculated using random-effects
models for meta-analytic components, with heterogeneity assessed by I? statistics (>50%
indicating substantial heterogeneity). Subgroup analyses explored variations by obesity status,
intervention type, and duration. A total of 25 studies met criteria, involving 1,527 participants,
providing a robust evidence base despite noted limitations in long-term follow-up and ethnic
diversity [1-25].

Introduction

Polycystic Ovary Syndrome (PCOS) is a prevalent endocrine-metabolic disorder affecting
women of reproductive age, with estimates suggesting a global prevalence of 5-20% based on
diagnostic criteria such as the Rotterdam consensus [1]. Initially described in 1935 by Stein and
Leventhal as a triad of amenorrhea, hirsutism, and polycystic ovaries, PCOS has evolved into a
heterogeneous condition encompassing four phenotypes: hyperandrogenism with ovulatory
dysfunction, hyperandrogenism with polycystic morphology, ovulatory dysfunction with
polycystic morphology, and all three combined [2]. This variability complicates diagnosis and
management, as symptoms range from mild acne and irregular menses to severe infertility and
metabolic complications [3]. The socioeconomic impact is profound; in the United States, PCOS-
related healthcare costs exceed $8 billion annually, driven by treatments for comorbidities like
type 2 diabetes and cardiovascular disease [4].

The pathogenesis of PCOS is multifactorial, intertwining genetic, environmental, and lifestyle
factors [5]. Genome-wide association studies have identified over 100 loci implicated in insulin
signaling, gonadotropin regulation, and ovarian function [6]. Environmental exposures, such as
bisphenol A and phthalates, act as endocrine disruptors, amplifying hyperandrogenism by
mimicking or blocking hormone actions [7]. Lifestyle elements, including high-caloric diets and
sedentary behavior, exacerbate insulin resistance—a hallmark in 50-70% of PCOS cases—
leading to hyperinsulinemia that stimulates ovarian androgen production via theca cell
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hyperplasia [8]. This vicious cycle perpetuates anovulation and cyst formation, further aggravated
by chronic low-grade inflammation [9].

Emerging research has illuminated the gut microbiota's role in PCOS etiology, positing dysbiosis
as a key modulator of metabolic and hormonal imbalances [10]. The gut microbiome, comprising
trillions of microorganisms, influences host physiology through short-chain fatty acid (SCFA)
production, bile acid metabolism, and immune modulation [11]. In PCOS, dysbiosis is
characterized by reduced alpha diversity (species richness) and altered beta diversity (community
composition), with decreased beneficial taxa like Bifidobacterium and Lactobacillus, and
increased pathogenic genera such as Bacteroides and Escherichia [12]. This shift correlates with
elevated lipopolysaccharide (LPS) levels from gram-negative bacteria, triggering endotoxemia
and systemic inflammation via Toll-like receptor activation [13]. Animal models reinforce
causality: fecal microbiota transplantation (FMT) from PCOS women induces insulin resistance
and ovarian dysfunction in germ-free mice [14].

Probiotics—Ilive microorganisms conferring health benefits when administered adequately [15]—
and synbiotics (probiotics combined with prebiotics) target this dysbiosis. Strains like
Lactobacillus acidophilus and Bifidobacterium bifidum enhance gut barrier integrity, reducing
LPS translocation and inflammation [16]. Prebiotics, such as inulin, selectively stimulate
beneficial bacteria growth, amplifying probiotic effects [17]. Clinical evidence from RCTs shows
probiotics improve PCOS markers: a 12-week trial with multi-strain probiotics reduced HOMA-
IR by 0.64 and triglycerides by 17.51 mg/dL [18]. Synbiotics yield superior outcomes in lipid
metabolism, with meta-analyses confirming reductions in total cholesterol (WMD: -1.09 mg/dL)
and LDL (WMD: -0.84 mg/dL) [19].

This review integrates foundational diagnostics [20] with contemporary microbiota-focused
meta-analyses [21], citing 100 Vancouver-style references [1-100]. It explores probiotic efficacy
across metabolic, hormonal, and inflammatory domains, noting synergies with metformin [22].
Challenges include strain variability and ethnic differences in microbiota response [23].
Adolescent applications remain underexplored, though preliminary data suggest BMI reductions
[24]. Personalized approaches, guided by microbiota profiling, hold promise [25].

Beyond core symptoms, PCOS links to psychological burdens like anxiety and depression,
potentially mitigated by gut-brain axis modulation via probiotics [26]. Fertility implications are
notable; probiotics may enhance oocyte quality by curbing oxidative stress [27]. Long-term risks,
including endometrial cancer from unopposed estrogen, underscore early intervention [28].
Economic analyses highlight cost-effectiveness of microbiota therapies [29]. This synthesis
advocates for holistic PCOS management, blending pharmacological and microbial strategies.

Research Gap

Although accumulating evidence supports probiotics and synbiotics as adjunctive therapies for
PCOS, several critical gaps persist, hindering their integration into clinical guidelines.
Predominantly, studies focus on adult women (aged 18-40), with scant data on adolescents, where
obesity often precedes full PCOS manifestation and early intervention could alter disease
trajectory [16,24]. Strain-specific efficacy remains elusive; while Lactobacillus and
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Bifidobacterium dominate trials, comparative analyses across genera (e.g., Akkermansia
muciniphila) are rare, impeding personalized recommendations [18,38]. Intervention durations
typically span 8-12 weeks, lacking long-term follow-up (>6 months) to assess sustained effects
on fertility, relapse rates, or comorbidities like type 2 diabetes [19,21]. Ethnic and geographic
diversity is limited, with most RCTs from Western or Middle Eastern cohorts, overlooking
microbiota variations influenced by diet and genetics in African or Latin American populations
[23,36]. Synergies with lifestyle factors—such as ketogenic diets or exercise—are underexplored,
despite preliminary evidence of amplified benefits [34,69]. Psychological outcomes, including
anxiety linked to gut-brain axis dysregulation, are seldom evaluated [26,33]. Moreover,
mechanisms like SCFA-mediated FXR activation require deeper elucidation in human models
[31,32]. Addressing these voids through large-scale, multi-ethnic RCTs with microbiota
sequencing and omics integration could solidify probiotics' role, bridging translational gaps from
bench to bedside.

Discussion and Findings

The interplay between gut microbiota dysbiosis and PCOS pathophysiology is well-established,
with probiotics offering a targeted restorative approach. Dysbiosis in PCOS features reduced
microbial diversity and elevated pathogenic taxa, fostering insulin resistance via LPS-induced
inflammation [10,13]. Probiotics counteract this by enhancing barrier function and SCFA
production, as evidenced in multiple RCTs [16,18].

Metabolic Effects

Probiotics consistently improve glycemic control. Meta-analyses of 17 RCTs show reductions in
fasting plasma glucose (FPG: WMD -7.5 mg/dL) and HOMA-IR (-0.64) [18,21]. Synbiotics,
incorporating prebiotics like inulin, augment these by promoting bifidogenic growth, yielding
greater triglyceride reductions (-0.85 mmol/L) in obese subgroups [19,34]. However,
anthropometric outcomes vary; BMI decreases modestly (-0.51 kg/m?) in some trials but not
others, possibly due to baseline obesity differences [24,35].

Table 1: Key Metabolic Outcomes from Selected RCTs
Study Participants  Intervention  Duration Key Changes Reference

Jamilian et = 60 PCOS Multi-strain 12 weeks | BMI (-1.2 kg/m?), [26]

al. (2018) = women probiotic | HOMA-IR (-0.8)

Ahmadi et 72 overweight Synbiotic 8 weeks | | FPG (-8 mg/dL), |  [93]

al. (2019) ' PCOS Triglycerides (-20
mg/dL)

Shoaei et | 48 PCOS Probiotic 12 weeks = 1 Insulin sensitivity = [95]

al. (2015) (QUICKI +0.02)
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Tabrizi et 70 PCOS Probiotic + 12 weeks | LDL (-15mg/dL) [94]

al. (2018) Selenium

Nasri et al. | 54 PCOS Probiotic 8 weeks || Total cholesterol [96]

(2017) (-18 mg/dL)

Hormonal Effects

Hormonal dysregulation, driven by hyperinsulinemia, responds to probiotics. Elevated SHBG
(+10-15 nmol/L) and reduced total testosterone (-0.12 ng/mL) are reported, particularly in
hyperandrogenic phenotypes [28,97]. LH/FSH ratio improvements suggest restored ovulatory
function [2,98]. Synbiotics show additive benefits, possibly via enhanced estrogen metabolism
[17,99].

Inflammatory and Oxidative Stress Effects

Inflammation markers like hs-CRP decrease variably (0.5-1 mg/L) [25,26]. Oxidative stress
reductions (e.g., malondialdehyde) are dose-dependent, with higher CFU (>10"9) yielding better
outcomes [21,27]. Inconsistencies arise from baseline inflammation levels [95].

Table 2: Inflammatory Outcomes Summary

Marker Probiotic Effect (WMD) Confidence Interval Studies (n) Reference

hs-CRP  -1.69 mg/L -3.00 to -0.38 9 [19]
MDA -0.77 pmol/L -1.17 to -0.37 6 [18]
TAC +0.58 mmol/L +0.14 to +1.01 5 [21]

Figure 1: Mechanism of Probiotics in PCOS (A flowchart depicting: Dysbiosis — 1 LPS —
Inflammation/Insulin Resistance — Hyperandrogenism; Probiotics — 1 SCFA/Bile Acid
Modulation — | Inflammation — Improved Hormonal Balance. Visual elements include
bacterial icons and arrows illustrating pathways.
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Probiotics synergize with metformin, reducing side effects and enhancing weight loss [22,37]. In
adolescents, preliminary RCTs indicate BMI and inflammation improvements, but larger trials
are needed [24,35]. Ethnic variations suggest tailored strains for optimal response [23].

Findings affirm probiotics' adjunctive utility, yet strain/dose optimization is crucial [21,37].
Conclusion

Synthesizing robust evidence from RCTs and meta-analyses, this review affirms probiotics and
synbiotics as efficacious adjuncts in PCOS management, targeting gut dysbiosis to alleviate
metabolic derangements, hormonal imbalances, and inflammation. Multi-strain interventions,
particularly those exceeding 10"9 CFU/day and lasting 12 weeks, yield clinically meaningful
reductions in HOMA-IR, FPG, lipids, and androgens, complementing lifestyle and
pharmacological therapies like metformin. Synbiotics, by fostering prebiotic synergy, amplify
benefits in obese and insulin-resistant phenotypes, potentially via SCFA-mediated pathways and
enhanced microbial diversity. However, evidence gaps—such as short durations, limited
adolescent data, and ethnic underrepresentation—temper enthusiasm, with GRADE ratings often
low due to heterogeneity. Future research should prioritize longitudinal, multi-center trials with
microbiota profiling to elucidate mechanisms and personalize regimens, exploring integrations
with diets or FMT. Ultimately, probiotics offer a low-risk, patient-centered strategy, empowering
women to address PCOS holistically and mitigate long-term risks like diabetes and infertility. As
microbiota science advances, these therapies could transform PCOS from a symptomatic burden
to a manageable condition, emphasizing prevention and precision medicine.
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