Polycystic ovary syndrome (PCOS): underlying mechanisms and potential treatments.

[bookmark: _Hlk170923850]Bhumika Bose1#, Sneha Pan1#, Rachayita Biswas1#, Dr. Riya Sarkar*
1Department of Medical Laboratory Technology,
Dr. B. C. Roy Academy of professional courses,
Formally known as Dr. B. C. Roy Engineering College
Durgapur,
West Bengal, Pin-713206.
India
#Authors equally contributed as joint first author

*Corresponding author:
Dr. Riya Sarkar
Assistant Professor
1Department of Medical Laboratory Technology,
Dr. B. C. Roy Academy of professional courses, 
Formally known as Dr. B. C. Roy Engineering College
Durgapur, India, West Bengal, Pin-713206
Email: rsriyasarkar01@gmail.com/ riya.sarkar@bcrec.ac.in
Phone: +91 8250467900



Abstract: Polycystic ovary syndrome (PCOS) is a diverse disorder characterized by excessive production of androgens (male sex hormones typically present in small amounts in women). It manifests through irregular periods, obesity, acne, infertility, and other complications. PCOS disrupts hormonal balance, leading to elevated androgen levels and the formation of ovarian cysts. According to the WHO, PCOS affects approximately 8-13% of women of reproductive age globally, with up to 70% of cases going undiagnosed.
PCOS is a chronic condition, persisting throughout a person's life and requiring ongoing management. Lifestyle modifications such as balanced diet and regular exercise are crucial for symptom and complication management. Fortunately, there are numerous methods and treatments available today to help manage PCOS effectively.
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Introduction: Polycystic ovary syndrome (PCOS) is a common hormonal disorder affecting women of reproductive age. It results in an imbalance of reproductive hormones, leading to issues such as irregular menstrual cycles, cyst formation, and infertility. This endocrine system disorder causes the ovaries to produce excessive androgens (male hormones), which disrupts the development and release of eggs (Azziz, 2004).
PCOS was first described in 1935 by Stein and Leventhal in the United States. However, as early as 1721, the Italian scientist Vallisneri documented a case of infertility now recognized as PCOS. Stein and Leventhal identified it as a primary ovarian defect initially termed Polycystic Ovarian Disease (PCOD), later renamed PCOS (Lizneva et al., 2016).
PCOS is a leading cause of female infertility. Its exact cause remains unknown, though it is believed to result from a combination of genetic, environmental, and lifestyle factors. Insulin resistance is commonly observed in women with PCOS, although it is not part of the diagnostic criteria. Recent research has highlighted increased risks of cardiovascular disease and carbohydrate metabolism issues in PCOS patients compared to the general population. Studies in 2020 suggested altered metabolic pathways as potential biological mechanisms underlying PCOS (Matalliotakis et al., 2006).
Pathophysiology: PCOS is marked by elevated androgen levels, including testosterone and androstenedione, leading to a condition known as Functional Ovarian Hyperandrogenism (FOH) with irregular ovulation. Typically, there is an imbalance in the ratio of luteinizing hormone (LH) to follicle-stimulating hormone (FSH). This skewed ratio stimulates the ovaries' theca cells to increase androgen production (Matalliotakis et al., 2006).
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Figure 1: This diagram depicts the proposed pathophysiology and characteristics of PCOS.
Insulin resistance is closely linked to Functional Ovarian Hyperandrogenism (FOH) in PCOS. Due to insulin resistance, the pancreas compensates by producing higher levels of insulin, leading to hyperinsulinemia. Elevated insulin levels stimulate the ovarian theca cells to increase androgen production. Women with both PCOS and insulin resistance are at risk of developing metabolic syndrome, characterized by obesity, hypertension, impaired glucose tolerance, and Type 2 diabetes. Both genetic factors and environmental influences contribute to the development of FOH (Figure 1) (Balen, 2004).
Adipokines and cytokines play crucial roles in PCOS by influencing metabolic processes and inflammation. Adipokines such as Adiponectin, Leptin, and Resistin are bioactive peptides with significant effects on metabolism. Cytokines are signaling proteins involved in inflammatory responses. Altered levels of these substances contribute to metabolic dysregulation in PCOS (Figure 1) (Witchel et al., 2019).
Recent research indicates that gut microbiota, a diverse group of microorganisms in the  gastrointestinal tract, plays a pivotal role in PCOS. Dysbiosis or imbalance in gut bacteria can disrupt normal metabolic and immune functions. Women with PCOS often exhibit gut dysbiosis, characterized by a reduction in beneficial bacteria and an increase in harmful bacteria. Gut microbiota can influence insulin sensitivity by producing short-chain fatty acids (SCFAs). In PCOS, dysbiosis reduces SCFA production, contributing to insulin resistance. Dysbiosis also affects the metabolism and reabsorption of androgens, thereby contributing to hyperandrogenism. Additionally, gut microbiota play a role in estrogen metabolism through the production of beta-glucuronidase. Dysbiosis-related alterations in this process can impact estrogen levels and reproductive functions in women with PCOS (Diamanti-Kandarakis, 2008).
Top of Form
Bottom of Form
Symptoms: There are certain symptoms which are contributed to PCOS .It is a condition which disrupts a women's hormone level in the body .Due to hormonal imbalance symptoms may vary but some common symptoms like (Zehra and Khursheed, 2018) (figure 2):-
· Irregular periods: This refers to disruptions in the menstrual cycle, characterized by delayed, irregular, or excessively heavy bleeding. It is a common issue in women with PCOS and can lead to reproductive health challenges.
· Excess androgen secretion: PCOS often causes elevated levels of androgen hormones, resulting in symptoms such as oily skin, acne, changes in body shape, and reduced breast size.
· Hirsutism: This condition involves unwanted hair growth in a male-pattern distribution, typically on the face, chest, and abdomen in women.
· Acne: PCOS-related hormonal imbalances can lead to acne, characterized by pimples, blackheads, and skin blemishes on the face, shoulders, and chest.
·  Infertility: PCOS can disrupt ovulation, leading to difficulties in conceiving or maintaining pregnancy, contributing to reproductive disorders.
· Alopecia: This refers to hair loss or thinning, particularly noticeable on the scalp, which can result in baldness in severe cases.
· Insomnia: PCOS may be associated with sleep disturbances such as insomnia, characterized by difficulties in falling or staying asleep, and sleep apnea, a condition involving breathing interruptions during sleep. Additionally, PCOS can contribute to weight fluctuations, mood disorders, and hormonal imbalances (Karjula et al., 2017).
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Figure 2: Common symptoms of PCOS



Etiology: Various factors contribute to the development of PCOS, some of which are well-understood while others remain less clear (Milekhina et al., 2021):
· Insulin resistance: Elevated insulin levels, a response to high blood glucose levels, can stimulate the ovaries to produce excess androgens such as testosterone. This can disrupt ovulation and lower levels of sex hormone binding globulin, contributing to hyperandrogenism (increased male hormone levels).
· Diet habits: Poor diet and lack of physical activity, often characterized by excessive consumption of junk food high in fats, simple carbohydrates, and sugars, can lead to obesity. Obesity is linked to various health complications including cardiovascular diseases, diabetes, and gastrointestinal issues, which can exacerbate PCOS symptoms.
· Genetic factors: There is a genetic component to PCOS, with a tendency for the condition to run in families. Genetic variations can contribute to miscarriages, hyperandrogenism, and an increased susceptibility to certain cancers.
· Neuroendocrine factors: Dysregulation of the pituitary gland can result in increased secretion of luteinizing hormone (LH), which in turn stimulates excess androgen production and disrupts ovulation.
· Hormonal imbalance: PCOS is characterized by low levels of progesterone, leading to menstrual irregularities, and elevated levels of androgens like testosterone, which cause symptoms such as acne and hirsutism. Imbalances in estrogen, LH, and follicle-stimulating hormone (FSH) can further disrupt ovulation and follicular development.
· Inflammation and oxidative stress: Women with PCOS often experience chronic low-grade inflammation and increased oxidative stress. These factors contribute to insulin resistance, elevated blood pressure, androgen production, and abnormalities in the reproductive system. They are also associated with infertility and issues with ovulation (Siddiqui et al., 2022).
Contrast between a typical ovary and one affected by PCOS: Structural Changes: In normal ovaries, they are typically small, almond-shaped organs measuring 3 to 5 cm in length with a smooth surface that can become slightly roughened due to ovulation. Ovaries release estrogen and progesterone at normal levels.
In PCOS, the ovaries become enlarged and take on a more rounded appearance. They develop small, immature follicles that do not release eggs, which persist as cysts. The surface of the ovaries becomes irregular, resembling a "string of pearls" due to these cysts. Levels of male hormones are elevated (Norman et al., 2007) (figure 3).
Functional Changes: In normal reproductive function, the ovaries, fallopian tubes, uterus, and vagina are key organs. Follicles, fluid-filled sac-like structures, contain eggs and are responsive to sex hormones released by the pituitary gland in the hypothalamus. Follicle-stimulating hormone (FSH) and luteinizing hormone (LH) are released into the bloodstream, where they travel to the ovaries, stimulate egg maturation, and increase follicle size. As eggs mature, follicles release estrogen. LH surge from the pituitary gland triggers ovulation, where a mature egg is released. Any unfertilized egg is shed, and remaining follicles dissolve (Rosenfield, 2015) (figure 3).
In PCOS, ovarian function and hormonal activity become imbalanced. While FSH and LH are secreted by the pituitary gland, PCOS results in elevated LH levels and a disrupted ratio of FSH to LH. This hormonal imbalance impairs egg maturation and disrupts the menstrual cycle. Excess androgen secretion contributes to symptoms like hirsutism, acne, hair loss, and changes in female body shape. Due to irregular ovulation or lack thereof, infertility may result. Cysts form when some follicles fail to dissolve, further disrupting ovarian function and contributing to the disease (Rosenfield, 2015) (figure 3).
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Figure 3: Normal ovary vs Polycystic ovary.
Involvement of hormones in PCOS: Polycystic ovary syndrome (PCOS) is a condition that typically occurs during the reproductive years of women. It is characterized by abnormal hormone secretion from the ovaries, particularly androgens such as testosterone. The increase in androgens can be attributed to abnormalities in LH (Luteinizing Hormone), FSH (Follicle-Stimulating Hormone), and sometimes elevated insulin levels.
Normally, LH and FSH play vital roles in regulating the menstrual cycle and ovulation. In PCOS, there is a hormonal imbalance where FSH levels are lower compared to LH. This imbalance delays normal ovulation and increases the likelihood of ovarian cyst formation.
Testosterone, a key androgen in PCOS, exists in two forms: total testosterone, which includes both bound and free forms, and free testosterone, which is the active form in the body. Small fluctuations in these hormone levels disrupt the menstrual cycle and ovulation (Krishnan and Muthusami, 2017).
Sex hormone-binding globulin (SHBG), responsible for binding and transporting sex hormones like testosterone and estrogen in the bloodstream, is also affected in PCOS. Lower SHBG levels impair its ability to effectively bind and transport hormones (Yang and Chen, 2024).
Dehydroepiandrosterone sulfate (DHEAS), another androgen hormone produced by the adrenal glands, typically secretes at normal levels but becomes elevated in PCOS.
Prolactin, a hormone from the pituitary gland that stimulates milk production in pregnant women, can become elevated abnormally in PCOS, potentially leading to inadequate lactation or, in rare cases, the formation of pituitary tumors (prolactinomas).
Progesterone, crucial for ovulation, signals the readiness of the egg for fertilization. Low progesterone levels indicate failed ovulation, a common issue in women with PCOS who may not always experience ovulation signals. Understanding these hormonal abnormalities helps in diagnosing and managing PCOS, ensuring appropriate treatment to mitigate its effects on reproductive health (Yang and Chen, 2024).
Potential health hazards: Polycystic ovary syndrome (PCOS) is a chronic and incurable condition that presents several challenges for women, including irregular menstrual cycles, excessive body hair growth, acne, and obesity, which significantly impact their quality of life.
Approximately 25% to 30% of women with PCOS experience prediabetes, indicating elevated blood sugar levels typically after the age of 30 but not yet at the threshold for type 2 diabetes. Obesity further increases the risk of developing type 2 diabetes and other metabolic complications (Hart and Doherty, 2015).
Women with PCOS also face heightened risks of cardiovascular diseases such as atherosclerosis and hypertension. These conditions can lead to elevated blood pressure and blockages in blood vessels due to cholesterol buildup, increasing the likelihood of heart attacks and strokes. Additionally, PCOS has been associated with an increased risk of ovarian cancer at a younger age (Wild, 2002).
Managing PCOS involves addressing these metabolic and cardiovascular risks through lifestyle modifications, medication, and regular monitoring. Early diagnosis and comprehensive care are crucial in minimizing the long-term health impacts of PCOS on women's lives (Hart and Doherty, 2015).
Diagnosis: During PCOS, various symptoms such as menstrual irregularities, pelvic pain, and infertility can develop, along with other medical issues affecting the body. Diagnosis of PCOS involves several medical examinations and tests (Legro, 2012).
Medical examinations assess whether the menstrual cycle is occurring regularly. Blood tests are crucial for evaluating BMI (Body Mass Index) and measuring hormone levels such as Luteinizing Hormone (LH), Follicle-Stimulating Hormone (FSH), DHEAS (Dehydroepiandrosterone sulfate), and androgens. These tests also check cholesterol levels, insulin levels, and assess for diabetes risk (Legro, 2012).
Ultrasound imaging plays a significant role in detecting PCOS. It helps identify the presence of multiple follicles in the ovaries, a characteristic feature of the condition. Together, these diagnostic tools and tests aid in confirming the presence of PCOS and assessing its severity, guiding appropriate management and treatment strategies (Azziz, 2004).
Treatment:
I. Management of PCOS in adolescents: PCOS cannot be cured definitively, but its symptoms can be managed effectively through various measures. In recent years, PCOS has become more prevalent among adolescents due to reduced physical activity and increased consumption of junk food (Capozzi et al., 2020). 
Management strategies include adopting a diet rich in high-fiber foods such as broccoli, fruits, olive oil, spinach, almonds, whole grains, and vegetables to stabilize blood sugar levels. It's crucial to avoid foods high in sugar, salt, and fat. Lifestyle modifications are essential to address factors like stress, depression, poor dietary habits, obesity, insulin resistance, physical inactivity, and early puberty associated with PCOS (Meczekalski et al.,2023).
Maintaining a regular menstrual cycle and normal blood glucose levels is key. Metformin is commonly prescribed to manage insulin levels, regulate menstrual cycles, improve pregnancy rates, and reduce androgen levels. Clomiphene is used to induce ovulation and address infertility, while combined oral contraceptives are preferred for regulating abnormal menstrual patterns, heavy bleeding, and other menstrual irregularities (Capozzi et al., 2020).
Anti-androgen treatments prescribed by doctors can help reduce androgen levels and manage symptoms like hirsutism and acne. Hormonal imbalances underpin PCOS, necessitating treatments such as contraceptive pills, pelvic ultrasounds, prescribed medications, regular check-ups, and adherence to dietary plans as per medical advice (Meczekalski et al.,2023).
Therapeutic goals: Therapeutically, various methods including laparoscopy and allopathic medicines are employed, though these may cause significant side effects like menstrual irregularities, nausea, vomiting, and weight gain. Increasingly, herbal medicines recommended by healthcare professionals have gained prominence due to their established therapeutic benefits with minimal side effects, albeit requiring longer treatment periods (Singh et al., 2023).
Medicinal plants effective in the treatment of PCOS:
1. Cinnamon: Cinnamon (Cinnamomum zeylanicum) is renowned in traditional medicine for its antioxidant properties, which combat free radicals. It aids in regulating menstrual cycles, improving insulin resistance, and lowering blood sugar and lipids (Yadav et al., 2020).
2. Flax: Flax (Linum usitatissimum) is rich in essential nutrients like fats, proteins, and fiber. It contains lignans that help lower androgen levels associated with PCOS, which can reduce symptoms like hirsutism and menstrual irregularities (Andhalkar et al., 2021).
3. Omega-3 Fatty Acids: Found in fish oil supplements, omega-3 fatty acids are known to enhance insulin sensitivity in women with PCOS.
4. N-acetylcysteine: Derived from cysteine, N-acetylcysteine supports insulin secretion and regulates insulin receptors, benefiting fertility, ovulation, and improving lipid profiles in women with PCOS (Andhalkar et al., 2021).
5. D-chiro-inositol: Naturally present in fruits, legumes, nuts, and grains, D-chiro-inositol improves insulin resistance and promotes regular menstruation in PCOS patients (Pachiappan et al., 2017).
6. Aloe Vera: Aloe vera (Aloe arborescens) contains vitamins A, C, and E, with antioxidant properties that reduce inflammation and oxidative stress. It supports ovarian health and folliculogenesis, potentially benefiting PCOS patients (Pachiappan et al., 2017).
7. Berberine: A herb used in Chinese medicine, berberine reduces insulin resistance and supports metabolic balance in PCOS.
8. Combined Vitamin D and Calcium: Correcting deficiencies in Vitamin D, crucial for the endocrine system, helps regulate periods and improve ovulation in women with PCOS (Thomson et al., 2012).
9. Chamomile Tea: Animal studies suggest chamomile tea may alleviate PCOS symptoms, potentially through anti-inflammatory effects on ovarian tissues.
10. Mulethi (Glycyrrhiza glabra): Mulethi acts against androgens and stimulates enzymes that convert androgens into estrogen, aiding in managing PCOS.
11. Turmeric (Curcuma longa): Known for its anti-inflammatory and antioxidant properties, turmeric improves ovulation and helps maintain healthy body weight in PCOS patients (Andhalkar et al., 2021).
12. Chasteberry (Vitex agnus-castus): Chasteberry inhibits prolactin synthesis and boosts progesterone levels, restoring hormonal balance crucial for menstrual cycle regulation (Pachiappan et al., 2017).
These herbal remedies offer promising therapeutic benefits for managing PCOS symptoms, complementing traditional medical treatments under professional guidance (Yadav et al., 2020).
Conclusion: Polycystic Ovary Syndrome (PCOS) is a prevalent endocrine disorder affecting women of reproductive age. Hormonal imbalances are typical in PCOS, and untreated cases increase the risk of conditions such as type 2 diabetes, obesity, cardiovascular diseases (including heart attack and stroke), and certain cancers. Women with PCOS often require antidiabetic medications and statins for treatment.
In conclusion, managing PCOS involves a comprehensive approach tailored to individual needs a balanced diet, engaging in regular exercise, and adopting a healthy, active lifestyle. These practices not only reduce the risk of endometrial cancer and promote weight loss but also decrease the likelihood of infertility and stabilize menstrual cycles. Early intervention and lifestyle management are crucial in mitigating the long-term health impacts associated with PCOS.
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