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Abstract: Polycystic ovary syndrome (PCOS) constitutes a prevalent endocrine and metabolic disorder that substantially compro-
mises reproductive and metabolic health in women of reproductive age. The escalating global prevalence of this multisystem condition
underscores the need for innovative, interdisciplinary management strategies. Unlike existing reviews, this paper offers a distinctive
synthesis of recent advances in PCOS clinical management, with a novel focus on integrating lifestyle modifications, pharmacological
interventions, assisted reproductive techniques, and emerging therapeutic approaches such as digital health tools and personalized
medicine. It critically evaluates the mechanisms, efficacy, and limitations of these strategies, while identifying underexplored gaps in
current knowledge and practice. Furthermore, the review delineates future research trajectories to bridge these gaps and advance
personalized care, ultimately aiming to improve clinical outcomes and patient-centered management.
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Introduction

Polycystic ovary syndrome (PCOS) represents a prevalent endocrine disorder affecting reproductive-aged women, with global
prevalence exceeding 10%.' This syndrome manifests through reproductive, metabolic, and psychological disturbances,
characterized clinically by hyperandrogenism, ovulatory dysfunction, polycystic ovarian morphology, and metabolic derange-
ments including insulin resistance and obesity. The pathophysiology involves synergistic genetic predispositions, metabolic
determinants, and environmental influences. Recent mechanistic insights have revealed novel therapeutic targets, shifting
management paradigms from symptom control to pathophysiology-directed approaches. While existing reviews have
summarized general interventions, this review distinctively synthesizes the latest advances in mechanism-based and pheno-
type-specific strategies, offering an integrated perspective that bridges translational research and clinical practice.

PCOS presents substantial clinical heterogeneity that complicates both diagnostic precision and therapeutic management.”
Affected women demonstrate variable phenotypic spectra, ranging from reproductive-dominant manifestations (eg, anovu-
latory infertility) to metabolic-dominant profiles (eg, insulin resistance with obesity). The Rotterdam diagnostic criteria—
requiring >2 of: oligo/anovulation, clinical/biochemical hyperandrogenism, or polycystic ovarian morphology—exhibit
limitations in identifying normoandrogenic variants, perimenopausal women with metabolic sequelae, and adolescents with
evolving presentations. Recognition of PCOS as an independent risk factor for endometrial carcinoma (attributable to chronic
anovulation), type 2 diabetes mellitus, and cardiovascular dysfunction underscores the imperative for early intervention to
mitigate long-term sequelae. This review critically addresses these diagnostic and phenotypic challenges, proposing a refined
framework for subpopulation-specific management that is often overlooked in the current literature.

Insulin resistance represents a central pathophysiological mechanism in PCOS, directly compromising reproductive
function while concurrently driving metabolic dysfunction.>* Obesity — prevalent in over 50% of cases — significantly
exacerbates insulin resistance through adipokine dysregulation.” This pathophysiological synergy establishes lifestyle inter-
ventions (structured dietary modification and evidence-based physical activity) as foundational therapeutic strategies targeting

weight reduction and insulin sensitivity restoration. Pharmacotherapy with insulin sensitizers, notably metformin,
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demonstrates efficacy particularly in insulin-resistant subpopulations. Combined administration of these metabolic regulators
with hormonal contraceptives to normalize menstrual cyclicity and counter hyperandrogenism constitutes the contemporary
therapeutic paradigm. Unlike previous reviews, we provide a comparative analysis of these conventional approaches with
emerging strategies, highlighting context-specific applications based on phenotype and metabolic profile.

Beyond established therapeutics, novel interventions are emerging for PCOS management. Myo-inositol administra-
tion demonstrates potential for ameliorating ovarian dysfunction and metabolic irregularities in affected women.®’
Concurrently, investigational agents including next-generation anti-androgens and insulin-sensitizing compounds
undergo evaluation for efficacy across heterogeneous presentations.® Most significantly, precision medicine approaches
incorporating phenotypic stratification and individual patient parameters are increasingly implemented clinically. This
evolution toward individualized therapeutic strategies seeks to enhance outcomes through tailored interventions addres-
sing specific pathophysiological profiles. This review uniquely synthesizes these cutting-edge developments, offering
critical insights into their mechanistic bases and practical integration into current clinical workflows—a dimension
underexplored in earlier comprehensive reviews.

The evolving therapeutic landscape for PCOS reflects progressive mechanistic elucidation of its multifactorial
pathophysiology. This review not only synthesizes contemporary advances but also introduces a novel, evidence-based
framework for personalizing interventions according to phenotypic and metabolic subtypes.

We underscore the critical importance of phenotype-specific management strategies, critically appraising both
established and emerging therapeutics to identify gaps and opportunities in current practice. Continuous expansion of
the PCOS evidence base necessitates that clinicians maintain contemporary knowledge of evolving interventions. By
providing a forward-looking perspective on translational applications and clinical implementation, this review aims to
equip healthcare providers with the tools necessary to enhance patient-centered outcomes while mitigating long-term
cardiometabolic and reproductive sequelae.

Lifestyle Interventions as a Foundational Approach

The Mechanisms of Dietary Adjustments

Low glycemic index diets have emerged as a significant dietary strategy for improving insulin sensitivity, particularly in
individuals with PCOS.>'® These diets focus on consuming carbohydrates that result in a gradual rise in blood glucose
levels, thereby minimizing insulin spikes. Evidence consistently demonstrates that Low glycemic index diets enhance
metabolic parameters in PCOS, primarily through improved insulin sensitivity. This dietary intervention achieves
significant reductions in fasting insulin levels and superior glycemic control by attenuating postprandial glycemia. The
physiological mechanism involves modulated insulin kinetics: reduced glucose excursions decrease pancreatic p-cell
demand, subsequently improving systemic insulin responsiveness. These metabolic improvements directly ameliorate
PCOS symptomatology and support reproductive-metabolic health restoration. Low glycemic index dietary patterns
further modulate body composition through favorable weight modulation and adipose tissue reduction, thereby establish-
ing a mechanistic pathway for restoring hypothalamic-pituitary-ovarian axis function and promoting ovulatory cyclicity
in polycystic ovary syndrome."'

The Mediterranean dietary pattern — distinguished by high intake of fruits, vegetables, whole grains, legumes, and
monounsaturated fatty acids (notably olive oil) — exerts favorable influences on metabolic dysregulation in polycystic
ovary syndrome.12 This nutritional paradigm provides substantial antioxidants and anti-inflammatory compounds that
mitigate chronic subclinical inflammation inherent to the condition. Evidence establishes that Mediterranean diet
adherence correlates with quantifiable improvements in insulin sensitivity, atherogenic dyslipidemia, and mitochondrial
function among women with polycystic ovary syndrome. Implementation of this dietary regimen demonstrably reduces
insulin resistance parameters while concurrently ameliorating aberrant lipid profiles, collectively enhancing metabolic
health indices. The therapeutic effects are primarily mediated through improved endothelial function, attenuated
oxidative stress, and optimized hormonal homeostasis, synergistically mitigating adverse reproductive outcomes while
reducing the risk of associated comorbidities including type 2 diabetes and cardiovascular disease.
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Elevated dietary protein intake facilitates weight modulation and endocrine homeostasis in polycystic ovary syndrome
through enhanced satiety signaling, appetite regulation, and thermogenic expenditure. These physiological adaptations
subsequently improve characteristic metabolic derangements including fasting insulin elevation and aberrant androgen
levels. Dietary interventions emphasizing adequate protein consumption enhance weight management and metabolic
outcomes in polycystic ovary syndrome.'? Prioritizing low-saturated-fat protein sources (eg, legumes, fish, lean poultry)
mitigates metabolic syndrome sequelae through improved lipid homeostasis and insulin sensitivity.'"* Macronutrient
distribution favoring protein represents a strategic nutritional approach for comprehensive PCOS management.

Evidence for Exercise Interventions

Exercise interventions, particularly combining aerobic and resistance training, are extensively established to improve key
polycystic ovary syndrome parameters. Comparative evidence confirms both modalities significantly enhance insulin
sensitivity, optimize body composition, and restore menstrual regularity. Aerobic exercise specifically reduces adiposity
markers including body weight and fat mass — critical metabolic mediators for restoring endocrine homeostasis in
affected women. Current physiological evidence confirms resistance training increases fat-free mass and elevates basal
metabolic rate. This metabolic adaptation enhances insulin sensitivity via upregulated glucose utilization pathways.
When integrated with aerobic exercise, the combined regimen demonstrates synergistic efficacy for optimizing both
cardiometabolic and reproductive parameters in polycystic ovary syndrome.'>!”

High-intensity interval training (HIIT) represents a time-efficient exercise modality for polycystic ovary syndrome
management, alternating brief maximal-intensity intervals with active recovery periods. This paradigm enhances
cardiovascular adaptation and metabolic biomarkers — including pronounced reductions in adiposity and insulin resis-
tance — more effectively than moderate-intensity protocols. Additionally, HIIT ameliorates psychological comorbidities
prevalent in this population.

Exercise frequency and intensity critically modulate clinical outcomes in polycystic ovary syndrome, with evidence
demonstrating that moderate-to-vigorous intensity physical activity consistently enhances insulin sensitivity and sup-
presses androgen levels. Optimized protocols combining >150 minutes/week of moderate-intensity exercise with
biweekly resistance training elicit significant improvements in cardiometabolic and reproductive parameters. This
established dose-response relationship necessitates precision exercise prescriptions individualized to patient capabilities

and preferences to maximize adherence and therapeutic efficacy.

Multidimensional Health Outcomes of Behavioral Interventions

Cognitive behavioral therapy (CBT) represents a targeted intervention addressing psychological and behavioral dimen-
sions of polycystic ovary syndrome, enhancing patients’ acquisition of adaptive coping strategies, self-efficacy, and
adherence to lifestyle modifications. Through systematic restructuring of maladaptive cognitive patterns underlying stress
responses, CBT facilitates sustainable behavioral changes critical for managing core symptoms. Integration with
conventional medical management synergistically improves multidimensional outcomes including psychological mor-
bidity metrics and quality-of-life parameters.

Suboptimal sleep parameters constitute a critical modifier of polycystic ovary syndrome pathophysiology, with
evidence confirming associations between disrupted sleep architecture and exacerbated insulin resistance coupled with
neuroendocrine dysregulation. Targeted interventions improving sleep efficiency mediate metabolic restoration through
attenuated hypothalamic-pituitary-adrenal axis activation, thereby enhancing insulin sensitivity and restoring ovarian
cyclicity.

Effective stress management constitutes a fundamental component of PCOS care, given chronic stress exacerbates
neuroendocrine perturbations and metabolic dysfunction. Evidence confirmed mind-body interventions including mind-
fulness therapies and yoga downregulate cortisol secretion and restore hypothalamic-pituitary-ovarian axis regulation.
This physiological normalization facilitates improved ovarian cyclicity and metabolic parameters, representing an
essential adjunct therapeutic modality for comprehensive PCOS management.
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Pharmacotherapy Optimization Strategies
Estroprogestin Therapy in PCOS Management

Estroprogestin therapy (EPT), combining estrogen and progestin, remains a cornerstone of pharmacological management
for polycystic ovary syndrome (PCOS). Its primary indications include regulating menstrual irregularities, mitigating
clinical hyperandrogenism (such as hirsutism and acne), providing contraception, and protecting the endometrium from
hyperplasia.'®'”

Formulation selection is tailored to individual patient profiles, with newer-generation progestins (eg, drospirenone,
desogestrel) offering enhanced anti-androgenic benefits and improved metabolic profiles. Dosing strategies have evolved
toward lower estrogen content (eg, 20-30 pg ethinylestradiol) and flexible regimens (eg, 24/4 cycles) to optimize
tolerability and efficacy.

Metabolically, EPT generally exerts favorable effects on lipid profiles by increasing HDL-C and lowering LDL-C,
while its impact on glucose metabolism is modest but warrants monitoring in high-risk individuals. Although there is
a slight increase in thrombotic risk, absolute risk remains low for most patients, with contraindications including
smoking, obesity, hypertension, and personal history of thrombosis.

Therapeutic decisions should be individualized based on patient symptoms, metabolic risk factors, and preferences,
with ongoing evaluation of efficacy and safety. EPT continues to be an effective and versatile option in PCOS manage-
ment, particularly for those without immediate fertility goals.?

Therapeutic Mechanisms of Insulin Sensitizers

Metformin dose optimization constitutes a cornerstone of PCOS management, directly enhancing insulin sensitivity and
normalizing menstrual cyclicity.”' >* Evidence confirms that higher doses significantly improve metabolic parameters
and ovulatory function, necessitating evidence-optimized dosing algorithms to balance efficacy against dose-dependent
gastrointestinal adverse effects. Thiazolidinediones (TZDs) serve as a validated second-line adjunct therapy for refractory
insulin resistance, requiring rigorous patient stratification to mitigate adverse effect profiles including fluid retention and
cardiovascular risks.?* Novel applications of sodium-glucose cotransporter-2 (SGLT-2) inhibitors demonstrate prelimin-
ary efficacy for metabolic improvement, leveraging pleiotropic benefits of weight reduction and cardioprotection to
expand therapeutic paradigms.*

The growing recognition of nutraceuticals in PCOS management has positioned myo-inositol and D-chiro-inositol as
promising insulin-sensitizing agents.*>*® These inositol isomers function as intracellular second messengers in insulin
signaling pathways, effectively ameliorating insulin resistance—a core pathophysiological feature of PCOS.?’
Accumulating evidence from randomized controlled trials demonstrates that myo-inositol supplementation (typically
2-4 g daily) significantly improves insulin sensitivity, restores spontaneous ovulation, and reduces hyperandrogenism
markers in PCOS patients.”® Particularly noteworthy is the 40:1 physiological ratio of myo-inositol to D-chiro-inositol,
which has shown superior efficacy in restoring ovarian function compared to either isomer alone.”* *! A comprehensive
meta-analysis by Unfer et al confirmed that inositol supplementation yields comparable ovulation restoration to
metformin, with fewer gastrointestinal adverse effects, positioning it as a viable complementary approach to conventional
insulin sensitizers.”” While current evidence predominantly supports its metabolic and reproductive benefits, ongoing
investigations are exploring its potential synergistic effects with first-line pharmacological interventions.?’”

Innovations in Anti-Androgen Therapy

Contemporary anti-androgen therapy for polycystic ovary syndrome requires evidence-based oral contraceptive (OC)
formulation selection, prioritizing progestin types aligned with individualized hyperandrogenic manifestations.
Spironolactone maintains its foundational role, necessitating optimized dosing regimens with potassium monitoring
protocols to balance anti-hirsutism efficacy against adverse effects.’> Emerging therapeutic alternatives include novel
androgen receptor antagonists demonstrating targeted receptor-specific suppression, warranting rigorous evaluation of

long-term safety profiles and comparative effectiveness relative to conventional therapies.
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Precision in Ovulation Induction Therapy

Contemporary ovulation induction protocols demonstrate letrozole’s superiority over clomiphene citrate in polycystic
ovary syndrome (PCOS) management,** which reported higher cumulative ovulation rates, improved live birth outcomes,
and reduced ovarian hyperstimulation risk. Gonadotropin administration necessitates rigorous risk stratification protocols
incorporating antral follicle count and anti-Miillerian hormone assessment to mitigate multifetal gestation
complications.* Predictive modeling of ovarian response enables individualized stimulation dosing, optimizing follicular

development while preventing extreme responses through dynamic treatment adjustment algorithms.*®

Innovations in Assisted Reproductive Technology

Assisted reproductive technology (ART) has undergone transformative progression through innovations like in vitro ferti-
lization (IVF), now augmented by preimplantation genetic testing (PGT) and artificial intelligence (Al)-enhanced embryo
selection. PGT enables comprehensive embryonic genetic screening, increasing IVF efficacy while reducing heritable
disorder transmission. Concurrently, Al algorithms integrate multimodal embryological data (morphokinetic, genetic,
morphometric) to objectively predict implantation potential, demonstrating superior pregnancy outcome stratification
versus conventional morphological assessment.’’*® While innovations like preimplantation genetic testing (PGT) and
Al-based embryo selection have broadly advanced assisted reproductive technology (ART), their application must be
critically adapted for polycystic ovary syndrome (PCOS) patients. This population faces a heightened risk of ovarian
hyperstimulation syndrome (OHSS) following controlled ovarian stimulation. Therefore, PCOS-specific ART protocols
emphasize OHSS mitigation strategies—such as GnRH agonist triggers, freeze-all cycles, and gentle stimulation—
alongside these technological advances. PGT allows for the detection of genetic anomalies in embryos, which may be
particularly relevant given the potential influence of PCOS on oocyte quality. Meanwhile, Al algorithms integrating
morphokinetic and metabolic data not only improve embryo selection but may also help predict hyperresponse and
OHSS risk, enabling more personalized and safer stimulation strategies for women with PCOS.

Refinement of ovarian stimulation protocols has systematically optimized assisted reproductive technology (ART)
outcomes. Modern individualized regimens calibrated to patient-specific hormonal dynamics enhance oocyte retrieval
efficiency and maturation competence compared to conventional approaches. In vitro oocyte maturation (IVM) techni-
ques now provide viable alternatives for women with polycystic ovary syndrome, enabling competent oocyte acquisition
while circumventing gonadotropin-induced hyperstimulation risks.**

Cryopreservation constitutes a critical component of assisted reproductive technology (ART), providing long-term
storage solutions for gametes and embryos. This capability is particularly vital for fertility preservation prior to
gonadotoxic therapies such as chemotherapy or radiation. Vitrification techniques achieve ultrarapid cryoprotectant-
free solidification with ice crystal inhibition, significantly improving post-thaw survival rates of oocytes and blastocysts
compared to conventional slow-freezing methods.*'

The application of engineered biomaterials in assisted reproductive technology (ART) demonstrates enhanced embryo
development and implantation outcomes. Specifically, three-dimensional biomimetic scaffolds replicate endometrial
microarchitecture, while decellularized extracellular matrices provide critical biochemical signaling, collectively estab-
lishing microenvironmental congruence that optimizes blastocyst competence.*'

Despite technological progress, persistent inequities in assisted reproductive technology access disproportionately
affect socioeconomically disadvantaged populations. Prohibitive out-of-pocket expenditures for advanced techniques
necessitate policy-level interventions developing sustainable financing models and scalable service delivery
frameworks.** Telehealth integration with remote monitoring demonstrates efficacy in mitigating geographic barriers
to fertility care, enabling comprehensive reproductive endocrinology consultations for underserved populations in rural
and low-resource settings.**

In conclusion, assisted reproductive technology advancements progressively enhance therapeutic precision and
success metrics through evidence-based protocols. Future innovation requires multidisciplinary collaboration to address
cost barriers and optimize resource distribution, ensuring equitable implementation across diverse patient populations.
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ART’s clinical significance resides in both technological evolution and capacity to mitigate reproductive health dispa-
rities through scalable solutions.

Emerging Treatment Strategies Exploration

Regulation of Gut Microbiota
Emerging evidence implicates gut microbiota dysbiosis as a contributory factor in PCOS pathophysiology, with particular
relevance to metabolic and reproductive dysfunction. Microbial communities influence core PCOS mechanisms including
insulin signaling cascades, systemic inflammation markers, and steroid hormone metabolism. Probiotic administration
demonstrates corrective potential for metabolic dysregulation through mechanisms that enhance intestinal barrier
integrity and modulate inflammatory pathways. Specific Lactobacillus and Bifidobacterium strains improve insulin
receptor sensitivity and lipid homeostasis, with observed reductions in insulin resistance indices and plasma triglyceride
concentrations in the PCOS metabolic phenotype. Gut-microbiota-endocrine axis interactions further associate probiotic
interventions with normalized gonadotropin secretion patterns and improved ovulatory cyclicity. Optimal therapeutic
application requires strain-specific selection, precision dosing, and individual baseline microbiota characterization.****
Fecal microbiota transplantation (FMT) represents an investigational therapeutic approach for PCOS and related
metabolic disorders. This intervention involves microbiota transfer from healthy donors to recipients with the objective
of restoring gut eubiosis. Preliminary evidence demonstrates FMT-mediated gut microbial restructuring correlates with
ameliorated hyperandrogenemia, improved insulin sensitivity (reduced HOMA-IR), and attenuated systemic inflamma-
tion in PCOS models.*> In PCOS, fecal microbiota transplantation (FMT) corrects gut dysbiosis associated with
metabolic and reproductive dysfunction. Rodent studies document FMT-mediated improvements in insulin sensitivity
(reduced HOMA-IR) and hyperandrogenemia (25% testosterone reduction). Mechanistically, microbiota-derived meta-
bolites influence hypothalamic-pituitary-ovarian (HPO) axis regulation via vagal afferent signaling, with experimental
evidence demonstrating altered gonadotropin-releasing hormone (GnRH) pulsatility following microbiota modulation.
However, therapeutic durability beyond 8 weeks remains unestablished, and optimal donor selection criteria require
rigorous metabolic health validation.*® Gut-derived metabolites including short-chain fatty acids (SCFAs) modulate
neuroinflammatory cascades and endocrine signaling, contributing to ovarian function regulation and metabolic home-
ostasis in PCOS. Therapeutic strategies enhancing microbial diversity thereby constitute targeted approaches to amelio-
rate core PCOS pathologies. Future research must delineate precise gut-brain-PCOS axis mechanisms and develop
validated microbiota-directed interventions.

Modern Research on Traditional Chinese Medicine
Traditional Chinese Medicine (TCM) herbal formulations demonstrate therapeutic potential in PCOS management
through multi-target mechanisms. Clinical evidence confirms that specific herbal preparations modulate reproductive
endocrine parameters and metabolic indices. Shouwu Jiangqi Decoction exhibits efficacy in improving menstrual
regularity and ovulatory function in PCOS cohorts. This formulation operates via simultaneous modulation of insulin
signaling pathways and inflammatory cascades, providing comprehensive symptom management. Integration with
acupuncture further enhances therapeutic outcomes, addressing both reproductive dysfunction and metabolic dysregula-
tion characteristic of PCOS pathology.47

Acupuncture demonstrates efficacy in improving insulin sensitivity and ameliorating PCOS manifestations.*®
Evidence confirms acupuncture modulates autonomic nervous system activity, enhancing insulin receptor substrate-1
phosphorylation in skeletal muscle. This intervention significantly reduces HOMA-IR indices (mean reduction: 29%) and
free androgen index in clinical cohorts. The therapeutic mechanism involves downregulation of sympathetic tone and -
cell function enhancement, with measurable improvements in ovulatory frequency (41% increase versus sham controls).
Acupuncture’s safety profile and absence of pharmacological interactions position it as an evidence-based complemen-
tary intervention for PCOS management.**>° While preliminary evidence points to the potential efficacy of acupuncture,
the generalizability of these findings remains limited due to considerable heterogeneity across existing studies. To
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address this issue and definitively establish its therapeutic value, future work must prioritize rigorous randomized
controlled trials complemented by systems biology approaches to unravel the precise mechanisms of action.

Integrative approaches combining TCM and conventional interventions demonstrate enhanced therapeutic outcomes
for PCOS. Clinical evidence confirms that coordinated application of acupuncture and herbal formulations yields
synergistic improvements in reproductive-metabolic parameters. Specifically, the integration of acupuncture with
Shouwu Jiangqi Decoction significantly improves ovulatory rates and insulin sensitivity beyond single-modality inter-
ventions. This combined strategy enables comprehensive management of PCOS heterogeneity, concurrently addressing
metabolic dysfunction, hormonal dysregulation, and ovarian dysfunction through complementary biological mechanisms.
Standardization of evidence-based TCM-Western medicine integration protocols represents a critical research priority to
optimize patient-specific therapeutic regimens.”’

Advances in Targeted Therapy Development
Glucagon-like peptide-1 (GLP-1) receptor agonists (GLP-1RAs) are increasingly recognized as a pivotal therapeutic
option for metabolic dysfunction in polycystic ovary syndrome (PCOS). Current clinical evidence demonstrates that
these agents induce substantial body weight reduction (mean 5.9 kg) and significantly improve insulin sensitivity, with
HOMA-IR decreases of >31.2%.>>* Furthermore, emerging data highlight concurrent reproductive benefits, including
a 28.4% reduction in free androgen index and the restoration of menstrual cyclicity in 43% of anovulatory patients.>
In contrast, the clinical utility of thiazolidinediones (TZDs) in contemporary polycystic ovary syndrome (PCOS)
management is substantially constrained by three interrelated limitations. The most pivotal limitation is drug-induced
weight gain,”® which directly opposes fundamental PCOS management objectives centered on obesity control. This
drawback is further compounded by the availability of superior therapeutic alternatives, particularly glucagon-like

peptide-1 (GLP-1) receptor agonists,>>>=’

which demonstrate dual efficacy in significant weight reduction and glycemic
improvement, thereby progressively diminishing the relative value of TZDs. Consequently, these pharmacodynamic and
clinical comparative disadvantages have led to the systematic deprioritization of TZDs in current international evidence-
based guidelines, which now exclude them from primary treatment recommendations for PCOS.

The established involvement of inflammation in PCOS pathogenesis has stimulated investigation into anti-
inflammatory therapeutic strategies. Pharmacological modulation of inflammatory cascades offers potential for amelior-
ating associated metabolic and reproductive dysfunction. Current pharmacological innovations focus on agents capable
of selectively inhibiting pro-inflammatory cytokine networks (eg, TNF-a, IL-6 signaling axes) and normalizing dysre-
gulated immune responses. Experimental evidence from monoclonal antibody therapies indicates biological plausibility
for targeting specific inflammatory mediators, suggesting anti-inflammatory approaches may constitute potential ther-
apeutic components within a pathogenesis-targeted PCOS management strategy. Further investigation remains imperative
to validate mechanistic pathways, establish long-term safety profiles, and determine clinical integration frameworks for
these interventions.®

Epigenetic dysregulation underlies PCOS pathogenesis, characterized by heritable DNA methylation patterns that
mediate transgenerational transmission of metabolic-reproductive phenotypes.”® Pharmacolocal DNMT inhibition
demonstrates therapeutic efficacy in experimental models, significantly reducing hyperandrogenemia and improving
insulin sensitivity.®® Mitochondrial-nuclear epigenetic interactions (mitoepigenetics) further contribute to ovarian dys-
function, establishing these pathways as druggable targets.®’ This mechanistic framework supports epigenome-targeting
therapeutic strategies to normalize endocrine-metabolic derangements guided by individual methylation signatures.®*

Conclusion

Contemporary PCOS management has progressed from symptom control to a precision medicine model targeting
multisystem manifestations, integrating three core therapeutic strategies: structured metabolic rehabilitation, hyperan-
drogenism/insulin resistance pharmacotherapy, and assisted reproductive techniques. To address clinical decision-making
efficiency, it is essential to compare the effectiveness of these approaches—for instance, metabolic interventions often
yield superior outcomes in obese phenotypes, while reproductive techniques are prioritized for infertility. Moreover,
combined strategies, such as integrating pharmacotherapy with lifestyle modifications, demonstrate synergistic benefits in
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improving metabolic parameters and reproductive success rates. This holistic approach mandates coordinated multi-
disciplinary care across endocrinology, nutrition, and behavioral health, enabling tailored interventions that enhance
patient outcomes. Future advancements should focus on molecular stratification using genomic-epigenetic signatures for
precise patient classification, coupled with novel mechanism-based biologics and digital health technologies, to further
refine personalized management and optimize therapeutic efficiency (Figure 1).
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