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ABSTRACT

Polycystic ovary syndrome (PCOS) is one of the most common
and complex endocrine disorders affecting women of
reproductive age, with manifestations that extend beyond
reproductive dysfunction to include significant metabolic and
psychological consequences. Its heterogeneous nature, variable
clinical presentation, and absence of a universally accepted
diagnostic standard continue to pose challenges in timely
diagnosis and optimal management. This review summarizes
current trends in the diagnosis and therapeutic management of
PCOS, highlighting recent advances, ongoing controversies,
and emerging future directions. Contemporary diagnostic
approaches incorporate established criteria from the NIH,
Rotterdam, and AE-PCOS Society, alongside improved
hormonal assays, updated ultrasound thresholds, and growing

interest in biomarkers such as anti-Miillerian hormone.

Recognition of distinct PCOS phenotypes has enhanced understanding of disease variability

and supports more individualized risk assessment and treatment planning. Management

strategies have evolved from a predominantly symptom-based approach to a holistic, patient-

centered model. Lifestyle modification remains the foundation of care, while
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pharmacological therapies now include insulin sensitizers, ovulation-induction agents,
hormonal treatments, and newer metabolic drugs such as GLP-1 receptor agonists and
inositols. Complementary therapies and advances in assisted reproductive technologies
further expand therapeutic options, particularly for infertility. Looking ahead, precision
medicine, genomics, epigenetics, and artificial intelligence hold promise for improving
diagnostic accuracy and tailoring treatment to individual phenotypes. Despite progress, gaps
remain in long-term outcome data and phenotype-specific interventions, underscoring the

need for continued research to improve outcomes and quality of life for women with PCOS.

KEYWORDS: Polycystic Ovary Syndrome (PCOS), Diagnosis, Therapeutic approaches,
Pharmacological therapy, Infertility.

1. INTRODUCTION

Polycystic ovary syndrome (PCOS) is one of the most prevalent endocrine disorders affecting
women of reproductive age and continues to pose significant challenges for clinicians,
researchers, and patients worldwide. Although it has been studied for decades, PCOS remains
a complex and heterogeneous condition characterized by a wide spectrum of reproductive,
metabolic, and psychological features. The disorder not only disrupts normal ovarian function

but also exerts systemic effects that extend throughout a woman’s lifespan.m

Recent estimates suggest that PCOS affects 8-13% of women globally, making it one of the
most common causes of menstrual irregularity, anovulatory infertility, and androgen excess.
However, these figures may underestimate the true burden, as many women remain
undiagnosed or receive delayed diagnosis due to its diverse presentations and the lack of a
single standardized diagnostic framework. This variability—both in symptoms and diagnostic
criteria—complicates epidemiological assessments and often results in inconsistent clinical

management across regions and healthcare settings.

PCOS is increasingly recognized not only as a reproductive disorder but also as a significant
metabolic condition. Many affected women experience insulin resistance, dyslipidemia,
obesity, and an elevated long-term risk of type 2 diabetes and cardiovascular disease. In
addition, psychological concerns such as anxiety, depression, and reduced quality of life are
common yet often underaddressed. These overlapping reproductive, metabolic, and emotional

challenges contribute to the substantial global health burden of PCOS.™
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Early diagnosis plays a crucial role in managing the condition effectively. Recent trends in
research emphasize improved diagnostic precision through better hormonal assays, metabolic
screening, imaging techniques, and the identification of emerging biomarkers. Updated
guidelines—such as those from the NIH, Rotterdam criteria, and AE-PCOS Society—have
broadened diagnostic considerations, yet they also highlight ongoing debates regarding the

best approach to identify PCOS, especially in adolescents and lean phenotypes.™"

Therapeutic approaches have also evolved considerably. While lifestyle modification remains
the cornerstone of care, modern management now includes a wide range of pharmacological
options, from insulin sensitizers and ovulation-inducing agents to hormonal therapies and
anti-androgens. Inositols, GLP-1 receptor agonists, SGLT2 inhibitors, and targeted metabolic
treatments are gaining prominence. Alongside these medical therapies, complementary
approaches—such as nutraceuticals, herbal formulations, acupuncture, and personalized diet

strategies—are increasingly supported by emerging evidence.!*?

With the growing focus on individualized medicine, attention is shifting toward phenotype-
specific treatment, genetic profiling, and the use of artificial intelligence to support early
diagnosis and clinical decision-making. These advances open new possibilities for improving
outcomes but also highlight existing challenges, such as inconsistent diagnostic practices,
limited long-term data, and the need for more culturally and ethnically diverse research.py;

This review article examines current trends in the diagnosis and therapeutic management of
PCOS, summarizing recent evidence, highlighting unresolved questions, and outlining future

directions aimed at improving patient-centered care.

2. Current Trends in Diagnosis
2.1 Updated Diagnostic Criteria
PCOS lacks a single universal definition, making diagnosis challenging. Over time, major
international bodies—NIH, Rotterdam, and AE-PCOS Society—have proposed diagnostic
systems based on three core features: ovulatory dysfunction, androgen excess, and polycystic
ovarian morphology (PCOM). Differences among these criteria significantly influence

diagnostic rates and the classification of clinical phenotypes.*!

2.1.1- NIH Criteria (1990)
The earliest widely accepted guideline. Diagnosis requires both:

1. Chronic anovulation/oligo-ovulation
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2. Clinical or biochemical hyperandrogenism
Other causes must be excluded. Ultrasound appearance is not required. These criteria identify
women with more “classic” and severe PCOS—typically showing significant menstrual

irregularity, hirsutism, and increased metabolic risk.[*®!

2.1.2 Rotterdam Criteria (2003)

The most globally used criteria today. Diagnosis requires any two of the following three:

1. Oligo- or anovulation

2. Clinical/biochemical hyperandrogenism

3. Polycystic ovarian morphology on ultrasound (>12 follicles 2-9 mm or ovarian volume
>10 ml)

Other endocrine disorders must be excluded. This broader definition identifies four

phenotypes, capturing women with ovulatory PCOS, non-hyperandrogenic PCOS, or

ultrasound-dominant PCOS. Recent guidelines caution against diagnosing adolescents too

early, because normal puberty can mimic PCOS features.™ !

2.1.3 AE-PCOS Society Criteria (2006)

Focuses strongly on androgen excess. Diagnosis requires:

1. Mandatory hyperandrogenism (clinical or biochemical)

2. Plus ovarian dysfunction (anovulation or PCOM)

This narrower definition identifies women with more uniform and often more metabolically
severe presentations. It is commonly used in research for population consistency.?®!

2.1.4 Limitations of Existing Criteria

Despite advances, several gaps remain: Overlap with normal adolescence: Irregular cycles
and PCOM can be normal in teenagers, increasing overdiagnosis risk. Variability in
androgen testing: Hormonal assays differ across labs, causing inconsistent interpretation.
Ethnic differences: Features of PCOS vary by ethnicity; e.g., South Asian women show
stronger insulin resistance even with mild hyperandrogenism. Outdated ultrasound cutoffs:
Modern high-resolution ultrasound detects more follicles, making old PCOM thresholds less
accurate. Metabolic dysfunction excluded: Insulin resistance is common but not part of any
diagnostic guideline. Inconsistent use internationally: Clinics and countries follow different

criteria, creating variability in diagnosis and management.t*®!
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2.2 Phenotypes of PCOS

Based on the Rotterdam criteria, PCOS is classified into four major phenotypes, each
reflecting a different combination of hyperandrogenism, ovulatory dysfunction, and
polycystic ovarian morphology (PCOM). These phenotypes differ in clinical presentation,

metabolic risk, and treatment needs.[*®!

2.2.1. Phenotype A (Classic PCOS: HA + OD + PCOM)
Features: Hyperandrogenism (clinical/biochemical). Ovulatory dysfunction. Polycystic

ovarian morphology.

Characteristics: Most severe form. Higher levels of insulin resistance, obesity risk,
dyslipidemia. Marked menstrual irregularities. Most common phenotype in South Asian

populations.??!

2.2.2. Phenotype B (Classic PCOS: HA + OD)
Features: Hyperandrogenism. Ovulatory dysfunction. Normal ovarian morphology.
Characteristics: Metabolically similar to Phenotype A. Lower follicle counts on ultrasound.

Strong reproductive and metabolic complications despite normal ovarian appearance.”

2.2.3. Phenotype C (Ovulatory PCOS: HA + PCOM)

Features: Hyperandrogenism. Polycystic ovarian morphology. Regular ovulation/menstrual
cycles.

Characteristics: Mild reproductive symptoms. Androgen-driven symptoms (acne, hirsutism)
remain prominent. Lower metabolic risk compared to Phenotypes A and B. Often

underdiagnosed due to normal cycles.!*®

2.2.4. Phenotype D (Non-Hyperandrogenic PCOS: OD + PCOM)

Features: Ovulatory dysfunction. Polycystic ovarian morphology. No clinical or biochemical
hyperandrogenism. Characteristics: Mildest phenotype, Lower cardiometabolic risk, More
commonly confused with normal physiological variations, especially in adolescents, Debate

exists whether this should be classified as “true” PCOS due to absence of androgen excess.!

3]

2.2.5. Clinical Importance of PCOS Phenotyping
Helps predict metabolic risk—Phenotypes A and B show the highest risk. Guides treatment

choices, e.g., ovulation induction vs. androgen-lowering therapies. Essential for research, as
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heterogeneity affects study outcomes. Useful for counseling patients regarding fertility,

weight management, and long-term complications.! !

2.3 Clinical Manifestations

PCOS presents with a combination of androgen excess, ovulatory dysfunction, and metabolic

abnormalities, with symptoms varying across phenotypes and age groups.

2.3.1 Hyperandrogenism: Clinical: Hirsutism, acne, androgenic alopecia. Biochemical:
Elevated testosterone, DHEAS, androstenedione; low SHBG.

2.3.2 Menstrual & Ovulatory Dysfunction: Oligomenorrhea, amenorrhea, irregular
cycles. Anovulation leading to infertility or reduced fertility.

2.3.3 Metabolic Features: Insulin resistance and hyperinsulinemia. Dyslipidemia, central
obesity, NAFLD. Increased risk of type 2 diabetes and metabolic syndrome.

2.3.4 Reproductive Issues: Difficulty conceiving due to anovulation. Higher risk of early
pregnancy complications and endometrial hyperplasia.

2.3.5 Dermatological Findings: Acanthosis nigricans, skin tags, seborrhea.

2.3.6 Psychological Manifestations: Anxiety, depression, body image concerns, and

higher rates of eating disorders.™231%

2.4 Role of Imaging in PCOS

Imaging plays an important supportive role in diagnosing PCOS, especially for identifying
polycystic ovarian morphology (PCOM). While it is not mandatory for diagnosis in all
criteria, it provides valuable information about ovarian structure, follicle count, and overall

reproductive health.

2.4.1 Transvaginal Ultrasound (TVUS): Primary Imaging Tool

Transvaginal ultrasound is the gold standard for assessing ovarian morphology in adults.

Key features of PCOM: >20 follicles per ovary (2-9 mm) with modern high-resolution
probes. Ovarian volume >10 mL. “String-of-pearls” appearance due to peripheral follicle
arrangement. Increased stromal density and stromal echogenicity. Advantages: High image
resolution. Excellent visualization of antral follicles. Cost-effective. Widely available.

Limitations: Not preferred or feasible in adolescents, virgins, or some cultural contexts.™"
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2.4.2 Pelvic Ultrasound (Transabdominal)

Used when TVUS is not suitable (e.g., in adolescents). Pros: Non-invasive. Useful for
screening. Cons: Lower sensitivity. Follicle counts may be underestimated. BMI and bladder
filling can affect clarity. Because of these limitations, experts (AAFP, JCEM) caution against

diagnosing PCOS in adolescents based solely on ultrasound.™

2.4.3 Emerging Imaging Technologies

2.4.3.1 3D Ultrasound

3D ultrasound provides: More accurate follicle count and volume measurement. Better
assessment of stromal tissue. Improved reproducibility across observers. This technique helps
reduce misdiagnosis caused by variability in 2D ultrasound.

2.4.3.2 Doppler Ultrasound
Doppler evaluates ovarian blood flow and stromal vascularity. Findings in PCOS may
include: Increased stromal vascular flow. Higher ovarian stromal blood volume. Although

promising, Doppler indices are not yet incorporated into standard diagnostic criteria.

2.4.4 Modern Challenges in Imaging-Based Diagnosis

As ultrasound technology improves, the threshold for follicle count (originally 12 follicles)
has become outdated. Updated guidelines now recommend >20-25 follicles per ovary
depending on probe frequency. Over-reliance on imaging in adolescents can lead to
overdiagnosis, as multifollicular ovaries can be normal during puberty. Therefore, imaging

should be interpreted alongside clinical and biochemical features, not in isolation.5!

2.5 Biomarkers and Laboratory Investigations

Laboratory testing in PCOS focuses on confirming hyperandrogenism, assessing ovarian
function, and identifying metabolic risks. Hormonal markers include total and free
testosterone, SHBG (usually low), DHEAS, and sometimes an elevated LH/FSH ratio. AMH
is often high in PCOS and can support diagnosis when ultrasound is unclear. Metabolic
markers check for insulin resistance and cardiometabolic risk. These include fasting insulin,
HOMA-IR, oral glucose tolerance test (OGTT), HbAlc, and a full lipid profile. Dyslipidemia
and impaired glucose tolerance are common findings. Emerging biomarkers such as
kisspeptin, adipokines (adiponectin, leptin), inflammatory markers (CRP, IL-6), and certain

microRNAs are being studied, but they are not yet used for routine diagnosis. Overall, these
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tests help differentiate PCOS from other endocrine conditions, detect hidden metabolic issues

early, and guide personalized treatment.[*>4

2.6 Screening for Associated Comorbidities

Screening for associated comorbidities is an essential component of PCOS management
because the syndrome is closely linked to multiple metabolic, endocrine, and psychological
disorders. All women with PCOS should be evaluated for insulin resistance and glucose
intolerance, as these abnormalities can progress to type 2 diabetes; fasting glucose, HbAlc,
and preferably a 2-hour OGTT are recommended for accurate detection. A complete lipid
profile is required to assess dyslipidemia, particularly elevated triglycerides and low HDL,
which significantly increase cardiovascular risk. Regular monitoring of blood pressure and
assessment of BMI, waist circumference, and waist-hip ratio help identify obesity and central
adiposity, both of which exacerbate hormonal and metabolic dysfunction. Thyroid screening,
especially TSH and free T4 levels, is advised to rule out hypothyroidism, a condition that
frequently coexists with PCOS and can worsen menstrual irregularities. Evaluation for non-
alcoholic fatty liver disease (NAFLD) using liver enzyme levels or ultrasound is important
because hepatic steatosis is common in insulin-resistant PCOS patients. Additionally,
screening for obstructive sleep apnea, particularly in overweight individuals, is recommended
due to its association with cardiometabolic disturbances. Psychological assessment for
depression, anxiety, and reduced quality of life is also crucial, as mental health disorders are
highly prevalent and often underdiagnosed in this population. Comprehensive comorbidity
screening ensures early identification of complications and allows for a multidisciplinary,
preventive approach to long-term PCOS management.t*#91

3. Current therapeutic approaches in PCOS

3.1 Lifestyle Intervention

Managing overweight and obesity in women, especially those with PCOS, starts with
improving diet and increasing physical activity, which can also enhance menstrual regularity,
fertility, and insulin sensitivity. Care should consider individual lifestyle and mental health
factors like anxiety, depression, and body image. Evidence shows that diet, exercise, and
relaxation techniques can improve metabolic and reproductive hormones in women with this

common endocrine disorder.*
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Figure 1: Holistic care looks at the whole person, not just the complaint. It values a
strong croaker. Case relationship where cases are active in their own care. Health is seen
as overall well- being, including internal, emotional, social, and physical aspects. Care

uses multiple, well- coordinated treatment approaches rather than one system alone.*®!

Women with PCOS are encouraged to adopt healthy lifestyle habits to maintain weight and
overall health.*®! For those with excess weight, a 5-10% reduction through a 30% energy
deficit (1200-1500 kcal/day) is recommended, though lifestyle improvements are beneficial
even without weight loss.™! Losing over 5% of body weight can enhance fertility, reduce
ovarian volume, and improve metabolic and hormonal factors like glucose control, insulin
sensitivity, and androgen levels.***®! However, response varies, with only about one-third
achieving full symptom remission, especially in women with higher waist circumference or
elevated androstenedione.™” Targeting insulin resistance and central fat can provide
additional benefits independent of weight loss.™®

Dietary recommendations for women with PCOS should consider individual lifestyle and
preferences, following general population guidelines.!*®! Reducing carbohydrate intake is the
most studied dietary approach and has been shown to improve intermediate outcomes in
PCOS, supported by recent systematic reviews.!'*?? Higher protein intake may be more
effective than carbohydrate-rich diets in lowering androgens, as high-protein meals reduce
postprandial insulin and dehydroepiandrosterone levels.”! The type of dietary fat is also
important, with mono- and polyunsaturated fats improving metabolic dysfunctions and high-

fat meals lowering post-meal testosterone due to slower nutrient absorption.[?? Overall, both

www.wipr.net | Vol 15, Issue 1,2026. |  1SO 9001: 2015 Certified Journal | 1251



Koshti et al. World Journal of Pharmaceutical Research

macronutrient composition and fat quality play key roles in managing metabolic and

hormonal factors in PCOS.

3.2 Pharmacological therapy
This includes the “traditional” and “first-line” agents long used in PCOS management:

insulin sensitizers, ovulation-induction drugs, hormonal treatments, and symptomatic therapy.
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Figure 2: (23) This figure shows how managing PCOS works best when you care for
the whole person—not just the symptoms. Medical treatments can help balance
hormones, improve insulin sensitivity, support healthy weight, and encourage regular
ovulation. At the same time, lifestyle habits like eating a balanced diet, staying active,
practicing yoga, and using supplements, probiotics, or herbal remedies can boost overall
well-being. When these medical and lifestyle approaches come together, they help
restore hormonal balance, improve metabolism, and enhance quality of life for women
living with PCOS.

3.2.1 Insulin sensitizers

Metformin is a first-line antidiabetic therapy widely used in PCOS due to its insulin-
sensitizing effects.!*”! PCOS is driven by insulin resistance, making medications like
metformin, GLP-1 receptor agonists, and DPP-4 inhibitors important for management.[24]

Metformin is the most studied, especially for women with insulin resistance or metabolic
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syndrome caused by metabolic disturbances.”™™ However, not all women ovulate with
metformin alone, so additional treatments may be needed.’?® Hyperinsulinemia stimulates
androgen overproduction in theca cells, inhibiting follicle development and causing

(27281 Insulin  sensitizers such as metformin and

polycystic ovarian morphology.
thiazolidinediones (TZDs) improve ovulation by reducing insulin resistance and androgen
levels.'*3% Metformin also supports lifestyle-independent weight loss and improves hepatic
dyslipidemia and hyperinsulinemia. TZDs like pioglitazone decrease fasting insulin and free
androgens while increasing SHBG.”"*% Inositols, including myo-inositol and D-chiro-
inositol, enhance insulin signaling, restore FSH/LH balance, improve oocyte quality, and
reduce hyperandrogenism. These therapies collectively target metabolic and reproductive

dysfunctions, improving clinical outcomes in women with PCOS.

3.2.2 Oral contraceptives and Anti-Androgens

Oral contraceptives are the first-line treatment for menstrual irregularities and
hyperandrogenism in PCOS, as they lower LH and increase SHBG, reducing androgen
production and activity. This improves hirsutism, acne, and menstrual cycles. Anti-androgen
agents like spironolactone, cyproterone acetate, flutamide, and finasteride further block
androgen action and enhance metabolic and lipid profiles. Combining oral contraceptives
with anti-androgens effectively manages PCOS symptoms, but careful patient screening is

essential to avoid adverse outcomes.!

3.2.3 Ovulation Inducers

Ovulatory dysfunction is a key feature of PCOS, and women desiring fertility often require
ovulation induction. Anovulation results from low FSH and disrupted follicle maturation
influenced by LH, androgens, and insulin. First-line treatments include clomiphene citrate
(CC) to increase FSH and low-dose gonadotropins to promote mono-follicular
development.®?! Aromatase inhibitors like letrozole enhance ovulation by increasing GnRH

and FSH, favoring mono-follicular ovulation without negative effects on the endometrium.=*

3.2.4 Emerging Metabolic Agents

Incretin hormones (GLP-1 and GIP) regulate glucose-dependent insulin secretion, but insulin
resistance can impair their action, as seen in some women with PCOS.B4 GLP-1 receptor
agonists improve insulin sensitivity mainly through weight reduction, modulation of
inflammatory insulin signaling, and B-cell function regulation.** Clinical studies show these

agonists lower BMI—yparticularly abdominal fat—reduce insulin resistance, and decrease
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testosterone levels, often outperforming metformin.*! They also improve overall quality of
life for patients.** Dual GLP-1 and GIP receptor agonists (twincretins) appear even more
effective in combating obesity and metabolic dysfunction, making them promising for PCOS
management once supported by clinical studies.?*"

3.2.5 Adjunctive and Novel Therapies

PCOS management can be enhanced with statins, which inhibit HMG-CoA, lowering
cholesterol, ovarian androgen production, inflammation, oxidative stress, and insulin
resistance. Atorvastatin shows greater benefits when combined with metformin.®! Statin
therapy has been shown to reduce androgens, improve lipid and inflammatory profiles,
increase insulin sensitivity, and alleviate PCOS symptoms.”! Additionally, vitamin D acts on
pancreatic and muscle cells to modulate AMH signaling, follicle sensitivity to FSH,
progesterone secretion, and glucose regulation, supporting reproductive and metabolic
functions in PCOS.®!

3.3 Complementary and alternative therapies

Herbal medicines can improve metabolic function, insulin sensitivity, hormonal balance, and
overall health in women with PCOS. They help address insulin resistance, metabolic
dysfunction, and hormonal imbalances.®®! Herbs like cinnamon, curcumin, sage, fennel, and
certain Chinese herbals may perform as well as or better than metformin or clomiphene
citrate. These herbs reduce inflammation, lower androgens, and improve insulin response.

However, more research is needed to determine optimal dosage, duration, and clinical use.™*”!

3.4 Fertility management in PCOS

Infertility affects 10-15% of couples worldwide and carries significant emotional and
psychological costs, including loss of social and familial wellbeing.[*Y! Assisted reproductive
technologies (ART) such as IVF, pre-implantation genetic testing, and embryo
cryopreservation have improved reproductive outcomes.'? Despite these advancements,
patients still experience emotional hardship, depression, and relationship strain during
treatment cycles. Those with medical complications may face loss of reproductive autonomy
and heightened distress. Integrating mental health support with ART is essential to address

psychosocial consequences and improve patient outcomes.*!
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3.4.1 Ovarian drilling

Ovarian drilling is a second option when medical treatment fails. It leads to spontaneous
ovulation rates between 30 and 90 percent and pregnancy rates from 13 to 88 percent. New
techniques have been created to reduce surgical risks while keeping effectiveness.[*! We
conducted an electronic database search using PubMed, Medline, and Embase up to March
2022. We developed a search algorithm that included the terms “polycystic ovary syndrome,”
“infertility,” “clomiphene citrate,” ‘“gonadotropin,” “laparoscopy,” ‘“ovarian drilling,”
“transvaginal hydrolaparoscopy,” and “ovulation induction.” Two coauthors, A.M. and

L.D.C., carried out the search analysis.[*>*°!

3.4.2 IVF/ICSI advancement

ICSI (Intracytoplasmic sperm injection) began as a treatment for severe male-factor
infertility, but it is now being used excessively around the world. Even though its use has
increased, evidence does not indicate better outcomes compared to conventional IVF in cases
of non-male-factor infertility. Guidelines suggest limiting ICSI to cases with severe sperm
defects or previous fertilization failures, since it is more invasive, expensive, and might also
carry greater safety risks. Therefore, it is crucial to choose ICSI carefully, and conventional

IVF continues to be a significant option.[*!

3.4.3 Risk of OHSS and prevention strategies

Ovarian hyperstimulation syndrome (OHSS) is a serious IVF complication caused by
enlarged, overly responsive ovaries, leading to fluid shifts, dehydration, and increased clot
risk. Severe OHSS can be life-threatening, and its incidence is hard to determine due to
variable reporting. GnRH antagonist protocols have been shown to reduce the risk of OHSS.
The syndrome is more severe and prolonged in cases of pregnancy or following hCG
exposure. Mild to moderate OHSS is often managed outpatient, while severe cases require

hospitalization, highlighting the need for preventive and evidence-based strategies.!*®!

4. FUTURE DIRECTION

4.1 Precision Medicines and Genomics

Polycystic ovary syndrome (PCOS) is a common endocrine—metabolic disorder in women of
reproductive age, characterized by hyperandrogenism, ovulatory dysfunction, and polycystic
ovarian morphology. Its clinical features range from reproductive abnormalities to metabolic
complications like insulin resistance, obesity, and cardiovascular risk.[*”) This heterogeneity

reflects complex genetic, epigenetic, and environmental interactions. PCOS is therefore an
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ideal candidate for precision medicine, tailoring diagnosis and treatment to individual genetic
[50]

and phenotypic profiles.
4.1.1. Genetic Risk Factors in PCOS

Polygenic nature and heritability: PCOS shows strong familial aggregation, with first-
degree relatives having higher prevalence of PCOS and related metabolic traits, and twin
studies indicate moderate to high heritability. It is a polygenic disorder influenced by multiple

common genetic variants rather than following simple Mendelian inheritance.*"

Genome-wide association studies (GWAS): Genome-wide association studies (GWAS)
have identified PCOS susceptibility loci such as DENND1A, THADA, LHCGR, FSHR, and
INSR, affecting steroidogenesis, gonadotropin signaling, insulin resistance, and energy
metabolism.’2°*%! DENND1A.V2 enhances androgen production in theca cells, linking
genetics to hyperandrogenism.®® LHCGR and FSHR variants influence hypothalamic—
pituitary—ovarian axis regulation and ovulatory function.®**® INSR and THADA variants

highlight the genetic overlap between PCOS and metabolic disorders like type 2 diabetes.[*?

Polygenic risk scores and population differences: Polygenic risk scores (PRS) from GWAS
variants can help stratify PCOS risk and relate to features like hyperandrogenism and
menstrual irregularity. However, their clinical utility is limited by modest predictive accuracy
and lower performance across ethnic groups. Most GWAS data come from European and East

Asian populations, highlighting the need for broader ancestral representation.**”]

Clinical implications: Although genetic discoveries have substantially advanced
understanding of PCOS biology, translation into routine clinical practice remains limited. At
present, genetic testing is not routinely recommended for PCOS diagnosis, but ongoing
integration of functional genomics, single-cell transcriptomics, and epigenomics may enable

future genotype-informed therapeutic strategies.>**®!

4.1.2. Epigenetic Signatures in PCOS

Role of epigenetics in disease pathogenesis: Epigenetic mechanisms including DNA
methylation, histone modifications, and non-coding RNAs play a crucial role in regulating
gene expression without altering the underlying DNA sequence. In PCOS, epigenetic

dysregulation provides a mechanistic link between genetic susceptibility and environmental
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exposures such as prenatal androgen excess, obesity, diet, and endocrine-disrupting

chemicals.[®

DNA methylation changes: Multiple studies have reported altered DNA methylation
patterns in ovarian tissue, adipose tissue, skeletal muscle, and peripheral blood from women
with PCOS. Differential methylation has been observed in genes involved in steroidogenesis
(e.g., CYP11A1, CYP17Al, CYP19A1), insulin signaling (INSR, IRS1), inflammation, and
follicular development.®*¢%Y |mportantly, some of these methylation changes correlate with

altered gene expression, suggesting functional relevance rather than epiphenomena.

Non-coding RNAs and chromatin regulation: MicroRNAs (miRNASs) influence androgen
synthesis, insulin resistance, and granulosa cell proliferation in PCOS, and circulating
miRNASs serve as promising non-invasive biomarkers.’®” Chromatin-mapping studies show
many PCOS-associated variants lie in regulatory regions, supporting a regulatory mechanism

for genetic risk."®

Epigenetic plasticity and therapeutic relevance: A defining feature of epigenetic
modifications is their reversibility. Lifestyle interventions such as weight loss, exercise, and
dietary modification have been shown to partially normalize aberrant epigenetic profiles in
women with PCOS. This plasticity highlights the potential utility of epigenetic markers both
as indicators of treatment response and as future therapeutic targets. Nevertheless,
heterogeneity in study design, tissue specificity, and analytical methods currently limits

reproducibility and clinical translation.[**¢?]

4.1.3. Individualized Therapy Based on Phenotype

Rationale for phenotype-driven management: The heterogeneity of PCOS necessitates
individualized treatment strategies rather than a uniform therapeutic approach. Traditional
classifications, such as the Rotterdam phenotypes, and newer data-driven clustering methods
reveal distinct subtypes characterized by varying degrees of hyperandrogenism, metabolic
dysfunction, and reproductive impairment. These phenotypes differ in prognosis, fertility
outcomes, and long-term metabolic risk, supporting the need for personalized

management.[®¥

Precision medicine approach to treatment: In metabolic-dominant PCOS, lifestyle

interventions are key, with GLP-1 receptor agonists showing promise for weight loss,
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improved insulin sensitivity, and potentially better menstrual and ovulatory function.®*") For
reproductive-dominant PCOS, ovulation induction with letrozole remains first-line, with
future personalization possible using genetic markers and AMH.P®%! Hyperandrogenic
PCOS is managed with oral contraceptives and anti-androgens. Molecular advances may

allow targeted therapies for specific genetic subgroups.>%®!

Integration of multi-omics and artificial intelligence: Integration of genomics,
epigenomics, transcriptomics, and metabolomics using artificial intelligence and machine-
learning models has led to the identification of biologically meaningful PCOS subtypes.
These approaches show promise for predicting treatment response and long-term risks such
as type 2 diabetes and cardiovascular disease. However, prospective validation, cost-
effectiveness evaluation, and ethical considerations must be addressed before routine clinical

implementation.”5

4.2 Role of Artificial Intelligence in PCOS

4.2.1 Al-Assisted Diagnosis

Acrtificial intelligence (Al) enhances PCOS diagnosis by reducing variability in symptom, lab,
and ultrasound interpretation. Machine learning algorithms, such as random forests and
support vector machines, analyze clinical data to differentiate PCOS from non-PCOS with
high accuracy.!®®®° Deep learning, especially convolutional neural networks, automates
ovarian ultrasound analysis, identifying polycystic morphology and counting follicles with
over 90% sensitivity and specificity.*”7®"! Explainable Al (XAI) methods like SHAP and
LIME improve transparency by highlighting features influencing predictions.”Y! These tools
reduce operator dependence and improve consistency in imaging interpretation. Overall, Al

provides reproducible, high-precision support for reliable PCOS diagnosis.

4.2.2 Risk Prediction Models

Al-driven models can predict PCOS risk and related metabolic and reproductive
complications by analyzing demographic, clinical, biochemical, and lifestyle data, stratifying
patients more precisely than traditional methods./®®®! These models are integrated into
mHealth platforms, allowing self-assessment and early screening with strong predictive
performance.’ Multi-omics Al frameworks combining genetic, epigenomic, and
metabolomic data show promise for improved accuracy. Larger, multi-ethnic datasets and

external validation are needed before widespread clinical use.[®>"!
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4.2.3 Personalized Treatment Planning

Al helps optimize PCOS treatment by predicting individual responses to therapies using
clinical, metabolic, menstrual, ovarian, and lifestyle data. Machine learning models guide
ovulation-induction agent selection and gonadotropin dosing in ART, reducing risks like
ovarian hyperstimulation.[®®™! In metabolic management, Al identifies patients likely to
benefit from lifestyle changes, metformin, or GLP-1 agonists by analyzing weight, insulin
resistance, diet, and hormones. These tools personalize therapy to improve both metabolic
and reproductive outcomes.®®"! Future applications include adaptive reinforcement learning

systems and digital twins to simulate treatment outcomes.[’""!

4.3 Gaps in Current Research & Challenges

Despite significant advances in understanding the pathophysiology of polycystic ovary
syndrome (PCOS), several critical gaps persist in research and clinical practice. These
challenges hinder accurate diagnosis, long-term disease management, and the development of
individualized therapeutic strategies.

4.3.1 Inconsistent Diagnostic Criteria

A major challenge in PCOS research is the lack of uniform diagnostic criteria, with NIH,
Rotterdam, and Androgen Excess and PCOS Society guidelines emphasizing different
features.”®”" The Rotterdam criteria allow diagnosis with any two of three features, resulting
in diverse phenotypes under one label and complicating research comparisons. Variations in
ultrasound technology, follicle count thresholds, and androgen assays add further diagnostic
inconsistency.[’®! Clinician awareness and adherence to standardized guidelines are often
limited, especially among non-specialists. These issues underscore the need for globally

harmonized diagnostic standards and improved clinician education.[’”

4.3.2 Lack of Long-Term Outcome Data

A critical gap in PCOS research is the lack of long-term, prospective data, as most studies are
cross-sectional or short-term and do not capture its chronic nature. This limits understanding
of PCOS’s long-term effects on metabolic, cardiovascular, reproductive, and mental
health.[’®™ The sustained efficacy and safety of treatments like metformin, hormonal
contraceptives, and lifestyle interventions remain unclear.[”® Large-scale, longitudinal studies
are needed to assess long-term outcomes, emerging therapies, and potential transgenerational

effects.[’™
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4.3.3 Need for More Phenotype-Specific Treatments

PCOS is a heterogeneous disorder with reproductive, metabolic, and psychological
manifestations, yet current treatments are largely symptom-based.®” Proposed phenotypes
based on hyperandrogenism, ovulatory dysfunction, and ovarian morphology have limited
evidence linking them to treatment response or prognosis. Heterogeneous patient populations
in trials may obscure benefits for specific subgroups.®®®! Future research should integrate
phenotypic, molecular, metabolic, and genetic data to enable personalized treatment and

improve outcomes.®"!

5. CONCLUSION

Polycystic ovary syndrome (PCOS) is a common, heterogeneous endocrine disorder with
reproductive, metabolic, and psychological effects, complicated by variable clinical
presentation and differing diagnostic criteria such as NIH, Rotterdam, and AE-PCOS
guidelines. Advances in hormonal assays, imaging, and biomarkers have improved diagnosis,
though challenges remain, especially in adolescents and diverse populations. Management
focuses on a holistic, patient-centered approach, with lifestyle modification as the cornerstone
and pharmacological therapies tailored to symptoms and fertility goals. Complementary
therapies and assisted reproductive technologies further support infertility management.
Future directions emphasize precision medicine using genetic, epigenetic, and phenotypic
data to personalize care. Al also shows promise in improving diagnostic consistency, risk
prediction, and therapy selection, though gaps in long-term data and phenotype-specific trials

persist.[®?]
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