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Polycystic ovary syndrome (PCOS) is a common hormonal disorder that affects
women of reproductive age. PCOS characterized by hormonal imbalances, ovulatory
dysfunction, and metabolic disturbances. PCOS is estimated to affect 6-20% of women
worldwide, presenting challenges for those affected and healthcare providers. The disorder
has a complex etiology, involving environmental, genetic, hormonal, and metabolic factors.
Family and twin studies show a strong hereditary component, with genetic predisposition
playing a significant role. Wide genomic studies have identified multiple genetic loci linked
to PCOS susceptibility, providing insight into its molecular mechanisms. The symptoms of
PCOS can differ greatly, from irregular periods and high levels of male hormones to
infertility and metabolic issues. PCOS can lead to real health problems such as diabetes,
obesity, heart disease, and endometrial cancer, emphasizing the importance of holistic
treatment approaches. Diagnosis involves a thorough evaluation of symptoms, hormone
levels, imaging tests, and menstrual history. Treatment focuses on managing symptoms,
balancing hormones, and reducing long-term risks through lifestyle changes, medications,
and fertility treatments. Despite the progress made in understanding PCOS, there are still
gaps in our knowledge that emphasize the necessity for more research to clarify the complex
pathophysiology and enhance treatment strategies for this prevalent and complicated
condition. This article offers a summary of the epidemiology, etiology, diagnasis, treatment
choices, and preventive actions for PCOS, with an emphasis on recent developments and
upcoming research.
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1. Introduction

Although polycystic ovaries (PCO) and polycystic ovary syndrome (PCOS) sound similar, the two conditions are not

the same. PCO occurs when there are an increased number of small cysts in the ovaries. PCOS is an endocrine disorder that
causes women to produce excess androgens and cause menstrual irregularities [1]. It affects many women of reproductive age,
and in the estimations, PCOS affects at least (5%) to (15%) of adult women globally [1]. This condition is characterized by
hormone imbalances, irregular ovulation, and ovarian cysts, often leading to metabolic disturbances and fertility challenges [2].

Stein and Leventhal first identified PCOS in 1935 as a condition characterized by symptoms like excessive hair growth,
missed periods, and cysts on the ovaries ultrasound examination [4]. Since then, our knowledge of PCOS has expanded to include
a wider range of signs and symptoms such as hyperandrogenism, insulin resistance, irregular periods, and difficulty getting
pregnant [2].

PCOS can have a range of different symptoms that make it difficult to diagnose and treat. Some common signs include
menstrual abnormalities [such as oligomenorrhea or amenorrhea], hirsutism, acne, alopecia, and difficulty getting pregnant [2,
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3]. In the long term, this syndrome may lead to problems such as diabetes, obesity, heart disease, cancer of the uterus lining, and
mental health issues like depression and anxiety [2, 3].

The causes of PCOS are not yet fully revealed, but it is believed to be the result of a combination of environmental
factors, genetic, hormonal, and metabolic. Genetics seems to play a major role, as studies involving families and twins have
shown a strong hereditary component to the condition [5, 6]. Research has also identified various genetic loci linked to PCOS
susceptibility through genome-wide association studies (GWAS), particularly those related to ovarian function, insulin signaling,
and hormone regulation [5, 6- 9, 14].

PCOS is a common yet often overlooked health condition that can have serious consequences. It is crucial to increase
awareness, detect it early, and effectively manage it. This review aims to provide a comprehensive overview of PCOS, covering
its epidemiology, clinical presentation, diagnosis, treatment options, and preventive measures, with a special emphasis on recent
developments and future research directions.

2. PCOS Etiology

The etiology of this syndrome is multifactorial. As the exact cause of PCOS remains not fully understood, several key factors
contribute to its pathogenesis:

A. Hormonal Imbalance

This syndrome is characterized by hormonal imbalances, with high levels of androgens [male hormones like testosterone] and
luteinizing hormone (LH), and lower levels of follicle-stimulating hormone (FSH). This disruption in the hypothalamic-pituitary-
ovarian (HPO) axis drives increased production of androgen by the ovaries, which hinders regular follicular development and
ovulation [10, 11].

B. Hyperandrogenism

It is a key factor of [PCOS], marked by high levels of androgens like testosterone and DHEAS. This disorder results in symptoms
like excessive hair growth [hirsutism], acne, and male-pattern hair loss. Androgens also interfere with the regular development
of follicles and ovulation, causing irregular MC (menstrual cycles) and the formation of small multiple ovarian cysts [11-13].
C. Insulin Resistance

Insulin resistance is a frequently seen metabolic problem in women with PCOS, mainly in those who are overweight or obese.
This condition causes the body to produce more insulin to make up for decreased insulin sensitivity, leading to hyperinsulinemia.
Hyperinsulinemia then triggers the production of androgens by the ovaries and plays a role in the development of PCOS [15-17
and 24].

D. Ovarian Dysfunction

Numerous women with PCOS experience issues with their ovaries, such as having more small antral follicles and halted follicular
development [18]. These issues lead to irregular periods, ovulation problems, and difficulties getting pregnant for women with
PCOS [19].

E. Environmental Factors

Diet, lifestyle choices, and exposure to certain chemicals can affect the development and progression of PCOS according to
studies [20-22]. In women with PCOS, obesity can worsen insulin resistance and hormonal issues, further complicating the
condition [23, 24].

F. Inflammatory and Immunological Factors

Chronic low-grade inflammation and alterations in immune function have been implicated in the pathogenesis of PCOS.
Inflammatory cytokines and adipokines produced by adipose tissue contribute to insulin resistance, dysfunction of the ovary,
and hyperandrogenism in PCOS women [25- 28].

3. PCOS In Genetic

Polycystic ovary syndrome [PCOS] has a significant genetic part, with heritability estimated to be around 50-70%.
Women who have a family history of PCOS are more likely to develop the condition themselves. Mothers and sisters of PCOS
women are at a greater risk of being diagnosed with PCOS compared to women who do not have affected family members. [29].

There are many genes related to the development of PCOS. These genes play a role in hormonal balance, insulin
regulation, ovarian health, and metabolism [14, 30]. For example, variations in genes encoding for insulin receptors (INSR),
insulin signaling molecules (IRS1, IRS2), androgen receptors (AR), follicle-stimulating hormone (FSH) receptors (FSHR), and
anti-Mudillerian hormone (AMH) have been associated with PCOS susceptibility [31]. PCOS is considered a complex genetic
disorder, meaning that multiple genes interact with each other and with environmental factors to influence disease risk [32].

Changes in how genes are expressed, known as epigenetic modifications like DNA methylation and histone
modifications, can impact gene expression without altering the DNA sequence itself [33, 34]. These modifications may have
contributed to the development and advancement of PCOS, potentially affecting how environmental factors affect gene
expression and susceptibility to disease [34]. While genetics contributes to PCOS risk, environmental factors also play a crucial
role in disease development [35, 36]. Lifestyle factors such as diet, exercise, and stress can interact with genetic predispositions
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to modulate PCOS risk and severity. For example, obesity and insulin resistance can exacerbate genetic predispositions to
hormonal imbalances and metabolic dysfunction [37].

Moreover, through epigenetic mechanisms, evidence suggests that PCOS-related traits may be passed from one
generation to the next [38]. Maternal PCOS status and intrauterine exposures during pregnancy may influence the risk of PCOS
and metabolic dysfunction in offspring, emphasizing the significance of taking into account the impact on multiple generations
in PCOS research and treatment [39].

Understanding the genetic basis of PCOS may help identify individuals at higher risk, inform personalized treatment
approaches, and uncover potential targets for therapeutic interventions aimed at addressing the underlying molecular
mechanisms of the disease.

4. Diagnosis
There are 4 types of PCOS: Insulin-resistant PCOS, Inflammatory PCOS, and Pill-induced PCOS.
e Insulin-resistant PCOS

This is the most prevalent form of PCOS, which is attributed to factors such as smoking, excessive sugar consumption,
pollution, and trans fats. In this type, elevated insulin levels hinder ovulation and stimulate the ovaries to produce testosterone.
Women who experience heightened insulin levels and are overweight may be diagnosed with PCOS linked to insulin resistance
[17, 18].

The intake of sugar (small) is beneficial, but consuming large quantities can contribute to insulin resistance. Inositol
drug can be used to prevent PCOS associated with insulin resistance. It typically takes about six to nine months to see a positive
response [40].

e Pill-induced PCOS

This variant is the second most prevalent form of PCOS. It develops as a result of birth control pills, which suppress
ovulation. While most women resume ovulation shortly after discontinuing the pill, some may experience prolonged absence of
ovulation lasting months or even years. Diagnosis usually occurs when menstruation ceases for three or more months after
stopping birth control pills, alongside normal insulin levels and signs of PCOS such as acne, a high LH to FSH ratio, or potential
polycystic ovaries observed on pelvic ultrasound [41].
¢ Inflammatory PCOS

In PCOS due to inflammation, ovulation is prevented, hormones get imbalanced and androgens are produced also
Increased abdominal adiposity contributes to the inflammatory load in PCOS [42]. Inflammation in PCOS can be triggered by
stress, environmental toxins, and inflammatory diets containing substances like gluten. Symptoms such as headaches, infections,
or skin allergies, as well as vitamin D deficiency and elevated thyroid levels, indicate the presence of inflammatory PCOS.

Several biomarkers are used for diagnosing polycystic ovary syndrome [PCOS], including hormonal, metabolic, and
imaging markers. First of all the Luteinizing Hormone (LH) to Follicle-Stimulating Hormone (FSH) Ratio. Women with PCOS
often have high LH levels and an LH/FSH ratio greater than 2:1, which indicates hormonal imbalances [41]. This is due to
dysregulation of the HPO axis, leading to issues with ovarian function and excess androgens [41].

Also, Elevated serum levels of androgens, such as testosterone, dehydroepiandrosterone sulfate (DHEAS), and androstenedione,
are hallmark features of PCOS [11].

Another diagnostic test is the Anti-Mullerian hormone. (AMH) is made by the granulosa cells in the ovaries and is used
to indicate the ovarian reserve and follicle recruitment. High AMH levels are often found in polycystic ovary women [PCOS]
and show that there are more small antral follicles, which is a key aspect of PCOS [43].

Moreover, Insulin Resistance Markers are a frequent issue with PCOS. Biomarkers like fasting insulin, glucose, and
HOMA-IR can be high in overweight or obese women with PCOS [44]. Oral glucose tolerance testing (OGTT) may be performed
to assess glucose metabolism and insulin sensitivity, especially for those at risk of developing reduced glucose tolerance or type
2 diabetes mellitus (T2DM) women [45].

In PCOS women, Dyslipidemia is common and it's characterized by elevated levels of triglycerides and low-density
lipoprotein cholesterol (LDL-C) and reduced levels of high-density lipoprotein cholesterol (HDL-C) [46]. Assessment of lipid
profiles can help evaluate metabolic risk and cardiovascular health.

Also, Ovarian Ultrasound helps to diagnose PCOS. Transvaginal ultrasound examination may reveal characteristic
features of PCOS, including polycystic ovaries (defined as the presence of >12 follicles measuring 2-9 mm in diameter and/or
increased ovarian volume >10 mL) and/or ovarian stromal hypertrophy [47].

It's important to consider individual patient characteristics, symptoms, and laboratory findings when making a diagnosis
of PCOS and to rule out other conditions that may mimic PCOS. Irregular menstrual cycles, oligomenorrhea [cycles >35 days],
and/or amenorrhea [absence of menstrual periods] are common clinical manifestations of PCOS and may serve as diagnostic
criteria in conjunction with other biomarkers [48].

5. Treatment
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Treatment for PCOS is individualized based on the woman's symptoms, reproductive goals, and overall health status.
A multidisciplinary approach involving gynecologists, endocrinologists, reproductive specialists, nutritionists, and mental health
professionals may be necessary to provide comprehensive care for women with PCOS.
Treatment of PCOS aims to manage symptoms, improve hormonal balance, restore ovulation, and reduce long-term health risks.
Below are some common treatments for this syndrome:
A Madification of lifestyle
Making changes in the lifestyle by eating a healthier diet, being more active, and maintaining a healthy weight can have positive
effects on insulin sensitivity, menstrual cycles, and symptoms of PCOS. Losing weight, even just a little bit, can help balance
hormones, improve fertility, and regulate metabolism for overweight or obese women with PCOS [20, 21].
B. Hormonal contraceptives
The primary medical treatment recommended for the ongoing management of PCOS is combined oral contraceptive (OC) pills
[49]. Patches, vaginal rings, and contraceptive injections containing estrogen and progestin can aid in the regulation of menstrual
cycles, reduce androgen levels, improve acne healing and hirsutism in women with PCOS. The possible negative cardiovascular
and metabolic impacts of oral contraceptives (OCs) have led to questions regarding their long-term safety in treating PCOS.
Nevertheless, existing evidence indicates that, in most cases like Bulent O. Yildiz's (2015) study, the advantages of using oral
contraceptives outweigh the potential risks for women with PCOS [49].
C. Insulin Sensitizing
Insulin-sensitizing medications, such as metformin [51], can improve insulin sensitivity, lower insulin levels, and regulate
menstrual cycles in PCOS women, particularly those with IR (insulin resistance) or glucose intolerance. Metformin may also
help with weight loss and reduce the risk of developing T2DM.
D. Induction of Ovulation
For any PCOS woman who is trying to get pregnant, it may be necessary to consider fertility treatments. Medications like
clomiphene citrate or letrozole can help stimulate ovulation and increase your chances of conceiving [52]. In some cases,
gonadotropin injections or assisted reproductive technologies like in vitro fertilization may be suggested for women who do not
respond to oral medications.
E. Anti-Androgen Medications
Anti-androgen medications like spironolactone, flutamide, finasteride, and cyproterone acetate (CPA) have been used to reduce
symptoms associated with hyperandrogenism. These medications work in three ways: either by competitively inhibiting
androgen receptors, or androgen production (though the exact mechanism is not fully understood), or by inhibiting 5-a-reductase
in the skin, an enzyme responsible for converting testosterone into its active form, 5-a-dihydrotestosterone (DHT) [50]. Using
anti-androgen medications could alleviate the hyperandrogenic symptoms of PCOS and improve various conditions linked to
excess androgen levels.
F. Laparoscopic ovarian drilling
Laparoscopic ovarian drilling (LOD) is considered beneficial for PCOS women who don’t positively respond to medication and
don’t have any other causes of infertility. This surgical procedure, a less invasive modification of ovarian wedge resection,
involves destroying the vascular stroma [53]. Its goal is to stimulate follicular growth by decreasing androgen levels, lowering
luteinizing hormone (LH), and enhancing follicle-stimulating hormone (FSH) and sex hormone-binding globulin (SHBG) [54].

Several studies have indicated that laparoscopic ovarian drilling (LOD) is a beneficial second-line treatment option for inducing
ovulation in women with clomiphene-resistant PCOS [55]. It has been shown to increase pregnancy rates by temporary
stimulation of ovulation, reduce the incidence of ovarian hyperstimulation syndrome (OHSS) in subsequent IVF cycles, decrease
cancellation rates, and improve outcomes in IVF cycles [56]. However, conflicting evidence exists as some studies have not
observed improvements in pregnancy, miscarriage, and live birth rates [57, 58], leading to ongoing debate on its efficacy.

A recent study by Moini et al. (2023) found that performing LOD prior to IVF/ICSI rounds did not enhance pregnancy outcomes
in PCOS women, highlighting the need for larger clinical trials to substantiate these findings [59].

G. Surgery

For women with PCOS who are not ovulating with medication, doctors may recommend ovarian drilling as a minimally invasive
option. This procedure involves creating tiny holes on the surface of the ovaries using heat or laser energy [60]. The goal is to
lower androgen levels and enhance ovulation.

H. Social Support

(PCOS) can greatly affect the overall quality of life and a person's mental health. Providing psychosocial support through
counseling, support groups, and education on PCOS can assist individuals in managing the emotional and psychological
challenges associated with the disorder [61].

Regular follow-up and monitoring are important to assess treatment response, adjust therapy as needed, and address any
complications or concerns.
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Medical science (recent progress) has unlocked the chances of novel therapeutic alternatives. The effects of new various drugs
and their limitations have been made by phase I clinical trials. Even though some medications, such as elagolix, some individuals
may not achieve complete regulation or control of their menstrual cycle with elagolix alone and may require additional treatments
or adjustments. This highlights the need for extra studies to explore different dosage programs and combinations of medications
to positively figure out the hormonal irregularities linked to PCOS [60].

6. PCOS and subfertility

PCOS can show up at any age, but it is usually identified during adolescence or early adulthood, often after puberty and
the start of menstrual cycles. However, some women may only get diagnosed later in life, particularly if they have mild or
unusual symptoms. The criteria for diagnosing PCOS may also change as women age since hormone levels and reproductive
function evolve with time. In younger women, irregular periods, acne, and excess hair growth may be more noticeable due to
hormone changes linked to puberty and early reproductive years. As women get older, issues like infertility, weight gain, and
metabolic problems may become more serious, this reflects the continuing impact of PCOS on reproductive and metabolic health.

PCOS is a common cause of infertility in women of reproductive age. It can be especially worrisome for younger
women with this syndrome who are trying to get pregnant, but advancing age can also create additional obstacles due to natural
declines in ovarian reserve and egg quality [63]. Women with PCOS who wait to have children may encounter difficulties in
conceiving as they age.

7. Future Directions

Research in the field of Polycystic Ovary Syndrome is continually advancing, with ongoing exploration of various
future paths to enhance our understanding and management of this complex condition. PCOS is characterized by its diverse
nature, as it manifests differently in each individual. Future studies may concentrate on identifying specific subtypes of PCOS
based on underlying genetic, metabolic, and hormonal factors. This personalized approach could pave the way for tailored
treatment plans designed to address the unique requirements of each patient. Additionally, progress in genetic research could
reveal new genes linked to PCOS, offering further insights into the condition's underlying mechanisms. A comprehensive genetic
components understanding of this syndrome may facilitate the development of precisely targeted therapies.

As the emerging evidence suggests a potential link between gut microbiota and PCOS, Currently, the evidence strongly
supports the involvement of gut microbiota composition and disturbances in secondary bile acid production in the development
of PCOS [64]. Supplementation with prebiotics, probiotics, and synbiotics in PCOS women seems to enhance various
biochemical markers and may have beneficial effects, although the precise mechanisms remain unclear. Further research is
essential to clarify the potential of these interventions in treating or even preventing PCOS, and to investigate the role of the gut
microbiome in the pathogenesis of this condition [64].

When formulating lifestyle guidelines for managing PCOS, it is crucial to consider and communicate evidence not only
related to diet, physical activity, and behavioral interventions, but also regarding psychological health, sleep patterns, and TCIM
(Traditional, Complementary, and Integrative Medicine) approaches. This approach will enable clinicians to provide patient-
centered care by offering women more choices and autonomy in their treatment options. This approach is consistent with the
primary goals outlined in the 2018 PCOS guideline, which aimed to address the unmet needs of PCOS women by involving
consumers in the development, implementation, translation, and dissemination of guidelines [65].

One important area of research is finding better ways to help women with PCOS improve their chances of getting pregnant. In
the future, researchers may look into new fertility treatments like methods to stimulate the ovaries, mature eggs outside the body,
and assisted reproduction techniques designed specifically for women with PCOS.

Traditional treatments for PCOS often involve hormonal therapies, but some women may prefer non-hormonal
approaches. Further studies could explore the effectiveness of alternative treatments like acupuncture, herbal supplements, and
dietary supplements in reducing PCOS symptoms. Additionally, research in the future may concentrate on creating methods for
detecting and preventing associated health conditions early in women with PCOS.

8. Conclusion

To sum up, PCOS is a complex condition that can have various symptoms and serious effects on reproductive and
metabolic health. It's important to have a deep understanding of its causes, symptoms, diagnosis, and treatments to effectively
help women with PCOS. Further serious studies are needed to uncover the intricate reasons behind PCOS and create personalized
therapies for those affected.
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