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Annotation:

Polycystic ovarian syndrome (PCOS) is a condition
characterized by irregular menstrual cycles due to the
lack of regular ovulation and elevated levels of
androgens (male hormones). It is an important cause
of female infertility and a precursor to other serious
conditions such as obesity, cardiovascular diseases,
type 2 diabetes, and endometrial cancer. The
diagnosis of PCOS is tough during the first two years
following menarche because normal pubertal changes
can mimic symptoms of PCOS. These symptoms are
ovulatory infertility, irregular menstrual cycles,
increased androgen effects, transient multi-follicular
ovarian morphology, and relative insulin resistance.
Women who have PCOS are at high risk for several
serious complications, some of which can be life-
threatening. Common clinical features of PCOS
include irregular or heavy or no menstrual periods,
acne, excess facial and body hair, difficulty in getting
pregnant, and patches of thick, darker, velvety skin,
and pain in the pelvis.
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The diagnosis of PCOS is based on the presence of any two of the following three criteria: no
ovulation, high androgen levels, and ovarian cysts. Lifestyle modifications such as regular exercise
and weight reduction may improve the situation. Birth control pills can help regulate menstrual
periods, reduce excess hair growth, and improve acne. Weight loss, metformin, or clomiphene can
also help improve fertility. Early diagnosis and treatment of the disease help to reduce the risk of
many complications. This review provides a brief overview of the major causes of PCOS and
effective control strategies.

Keywords: type 2 diabetes, insulin
resistance, infertility, hyperandrogenism, and
hirsutism.
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Fig.1. PCOS at a glance

1. Introduction

A disproportionate balance of reproductive hormones causes the condition called Polycystic
Ovarian Syndrome (PCOS), which results in cystic ovarian follicles (1). PCOS was first
described as early as 1721. In the mid-1930s, two Chicago doctors, Irving Stein and Michael
Leventhal, recognized this disease. These doctors reported on women experiencing infertility,
hirsutism (excessive growth of thick, dark hair in women), irregular menstrual cycles, and
enlarged ovaries. The presence of multiple ovarian cysts is a defining feature of this condition.
The egg's fluid-filled sac, normally filled with fluid, turns into a functional cyst, preventing the
egg from being released—a process that typically lessens the chances of fertilization. As a result,
the disruption of the menstrual cycle due to blocked ovulation can lead to amenorrhea (2). The
syndrome has a complex mode of inheritance, where genetic variants interact with key
environmental factors such as lifestyle, diet, and physical inactivity, leading to a varied
expression of its symptoms (3). It is a serious health issue for women that is frequently
increasing in our society. Research indicates that 5% to 10% of women aged 18 to 44 are
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affected by PCOS (4). PCOS is a gynaecological disorder that primarily affects women of post-
pubertal age worldwide. Remarkably, its current prevalence is approximately 1 in every 10 women
(5). The elevated androgen levels can sometimes cause excessive acne, hair thinning, facial hair
growth, and male-pattern scalp. For women with PCOS who wish to become pregnant, fertility
medications may be necessary to trigger ovulation. In some clinical circumstances, each cyst may be
between 8 and 10 mm. Women with PCOS have higher rates of endometrial cancer, cardiovascular
disease, dyslipidaemia, and type 2 diabetes mellitus (6). Prevalence rates of PCOS among
premenopausal women are higher than in other women of childbearing age, ranging from 6% (based
on earlier, more restrictive criteria) to 20% (based on current, broader definitions (7). Most women
with PCOS are overweight or obese, although not all, and they have an elevated risk of developing
diabetes and obstructive sleep apnea. Although PCOS is not fully reversible, various treatments can
effectively alleviate or minimize bothersome symptoms. Most women with PCOS can lead a normal
life without experiencing significant complications (8). PCOS is associated with several significant
comorbidities, including type 2 diabetes (T2DM), cardiovascular disease, insulin resistance, obesity,
infertility, pregnancy complications, sleep disturbances, hypothyroidism, reduced mental health, and
non-alcoholic fatty liver disease (NAFLD) (9). Despite certain clinical manifestations linked to
hormonal imbalances, there are no definitive tests for diagnosing PCOS to date. This review delves
into the reasons behind the rising number of PCOS cases and their impact on women’s fertility rates,
emphasizing the need to raise societal awareness about the condition. PCOS is associated with
numerous health issues, including diabetes, cancer, and cardiovascular diseases, yet it can be
effectively managed through lifestyle and activity modifications. By providing an in-depth
understanding of the physiological mechanisms underlying PCOS and exploring effective
management strategies, this comprehensive review highlights the condition's significant impact and
potential pathways for intervention.

2. Advanced-Level Objectives

a) To analyze the multifactorial etiology of PCOS, including genetic, epigenetic, and
environmental influences.

b) To evaluate the current molecular mechanisms underlying hyperandrogenism, insulin
resistance, and chronic low-grade inflammation in PCOS.

c) To critically assess the diagnostic criteria and their limitations in diverse populations,
including adolescent and postmenopausal women.

d) To explore the pathophysiological interrelationship between PCOS and comorbid conditions
such as metabolic syndrome, cardiovascular disease, and endometrial hyperplasia.

e) To review the impact of gut microbiota dysbiosis and hormonal-metabolic axis disturbances
in the progression of PCOS.

f) To investigate novel biomarkers for early detection and prognosis of PCOS using proteomics,
metabolomics, and transcriptomics.

g) To compare the efficacy and safety profiles of conventional pharmacotherapies vs. emerging
therapeutic agents, including insulin sensitizers, anti-Miillerian hormone antagonists, and
selective androgen receptor modulators.

h) To assess the role of integrative and personalized approaches (e.g., nutraceuticals, lifestyle,
and psychosocial interventions) in long-term management of PCOS.

i) To analyze the reproductive and fertility-related outcomes of PCOS across different
phenotypes and treatment modalities, including ART outcomes.

j) To discuss on-going clinical trials, precision medicine strategies, and future research
directions aimed at optimizing PCOS treatment.
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3. Rising prevalence of PCOS

The World Health Organization (WHO) estimates that approximately 3.4% of all women, or about
116 million women worldwide, are affected by PCOS (10). The worldwide occurrence of PCOS is
believed to range from 4% to 20%. In India, the prevalence of PCOS (polycystic ovarian syndrome)
ranges from 3.7% to 22.5% (11). Several factors contribute to the increasing prevalence of PCOS,
including stress, early onset of puberty, family history, lack of exercise, sedentary lifestyle, and
obesity (12). To prevent long-term consequences, early screening, lifestyle changes, and prompt
intervention are essential. The World Health Organization estimates that PCOS affects 8-13% of
women of reproductive age, with more than half of the cases remaining undiagnosed (13).
Diagnosing polycystic ovary syndrome (PCOS) in adolescents is both challenging and controversial,
as the diagnostic criteria for adults overlap with normal pubertal changes, such as ovulatory
dysfunction, hyperandrogenism, and polycystic ovarian morphology (PCOM) (14). Various criteria
are used to diagnose PCOS. The most commonly used criteria for diagnosing PCOS are the National
Institute of Health (NIH) criteria and the Rotterdam criteria (15). The original NIH and Rotterdam
criteria did not distinguish between adults and adolescents. According to the Rotterdam criteria, a
PCOS diagnosis requires the presence of at least two of the following: clinical and/or biochemical
signs of hyperandrogenism, evidence of oligo-ovulation or anovulation, or polycystic ovarian
morphology confirmed via ultrasound (9). At the same time, overdiagnosis can lead to unnecessary
anxiety regarding future fertility and potential complications (16, 17, 18).

4. Impact on women health

Signs and symptoms of PCOS typically appear around puberty, though some women may not
experience them until late adolescence or even early adulthood. Due to hormonal variations
among women, individuals with PCOS may experience a range of symptoms, including mild to
severe acne, facial hair growth, or hair loss on the scalp (19) (Figure. 2.).

4.1. Menstrual Irregularity: -

Women with ovarian cysts usually have fewer than six to eight menstrual periods per year.
Irregular or absent menstrual periods can raise a woman’s risk of endometrial overgrowth,
known as endometrial hyperplasia, and may even lead to endometrial cancer. Some women have
normal menses during puberty, which may become irregular if the woman becomes obese (8).

4.2. Weight gain and Obesity: -

PCOS is linked to gradual weight gain and obesity in about half of all women with the condition.
In some women with PCOS, obesity begins to develop around the time of puberty (20).

4.3. Hair Growth and Acne: -
Women who have ovarian cysts typically endure excessive hair growth because it is a hormonal
condition caused by high levels of the male hormone androgen (21). Overproduction of androgen
may increase the sensitivity of different types of skin problems, such as acne; besides, the level of
androgen increases, which may cause skin issues (22).

4.4. Infertility: -
Many women with PCOS do not release an egg from the ovary regularly; these women may take
longer to conceive. If a woman with an ovarian cyst has sporadic periods, their fertility appraisal
should start immediately, as the chance of becoming pregnant is low without treatment (23).

4.5. Heart Disease: -

Obese women with insulin resistance or diabetes may have a higher risk of coronary artery
disease, which in turn raises their chances of experiencing a heart attack. It is not known with
certainty if women with PCOS are at increased risk for this condition (24). PCOS women also
appear to have a higher incidence of sleep apnea and associated cardiovascular risk factors
compared to weight-matched controls (25).
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Fig. 2. Showing the complications associated with the PCOS
4.6. Sleep Apnea: -

Sleep apnea is a condition characterized by short episodes during sleep when breathing
temporarily stops. People with this condition often experience fatigue and daytime drowsiness.
Additionally, research suggests that untreated sleep apnea may increase the risk of insulin
resistance, obesity, diabetes, and cardiovascular issues, including high blood pressure, heart
attack, irregular heart rhythms, and stroke. Sleep apnea may affect up to 50% of women with
PCOS. It can be diagnosed through a sleep study, and various treatment options are available
(26).
4.7. Mood Disorder: -
A percentage of PCOS-affected women experience mental issues, including eating disorders, anxiety,
depression, and poor physical health, and lots of mood changes (27).

4.8. Difficulty in Conceiving: -
PCOS is the most common cause of deterioration of female fertility. Lack of ovulation leads to
fertility issues; therefore, even if a woman is experiencing pregnancy, this does not mean that she is
ovulating. Therefore, a woman might not suspect anything amiss until she has been trying to
conceive for a while (28).

4.9. Symptoms after Menopause: -

Less is known about PCOS symptoms after menopause. Studies indicate that women with PCOS
may continue to have elevated androgen levels after menopause, though these levels typically
return to normal around age 70. However, even postmenopausal women with declining hormone
levels may still experience symptoms like excess hair growth (8).
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Fig. 3. A simplified overview of the master diagram illustrating the key relationships between
the endocrine components that regulate normal ovarian physiology. LH: luteinizing hormone,
FSH: follicle-stimulating hormone, GnRH: gonadotropin-releasing hormone, AMH: Anti-
Miillerian hormone.



22  American Journal of Bioscience and Clinical Integrity Volume: 2 | Number: 9 (2025)

5. The major factors associated with PCOS
5.1. Hormonal Imbalance

In women with PCOS, hormones such as insulin, growth hormone (GH), ghrelin, liver-expressed
antimicrobial peptide 2 (LEAP-2), gonadotropin-releasing hormone (GnRH), the luteinizing
hormone/follicle-stimulating hormone (LH/FSH) ratio, androgens, and estrogens are all typically
imbalanced (29). The delicate interplay between extra-ovarian and intra-ovarian factors regulates
ovarian folliculogenesis, and any disruption to this balance may result in infertility. Disruptions
in paracrine, endocrine, and metabolic processes can lead to decreased FSH secretion, elevated
LH levels, hyperandrogenism, and hyperinsulinemia (30). The hypothalamic region of the brain
regulates androgen production in the ovaries through specific signaling pathways. Hypothalamic
neurons release pulsatile gonadotropin-releasing hormone (GnRH) into the portal blood vessels
of the pituitary gland (31).
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Fig. 4. A diagram showing hormonal dysregulation in PCOS.

In addition to the ovaries, androgens are synthesized in the adrenal glands, which predominantly
produce DHEA (dehydroepiandrosterone) and androstenedione (A4) (32). Elevated androgen
levels in PCOS partially contribute to an increased GnRH/LH pulse frequency, which can, in
turn, exacerbate androgen production, creating a cycle of hormonal imbalance and dysregulation
(33). Serum AMH levels have been found to correlate positively with elevated androgen levels,
and women with both high androgens and PCOM tend to have the highest AMH levels among
those with PCOS. Thus, high androgen levels may also play a role in increasing AMH levels
(34). FSH supports the development of small antral follicles to the ovulatory stage. Meanwhile,
AMH has been shown to inhibit FSH-induced aromatase activity and counteract the growth-
promoting effects of FSH on granulosa cells. In PCOS, elevated AMH levels can disrupt antral
follicle growth by inhibiting the effects of FSH, thereby reducing FSH-stimulated growth of pre-
antral follicles (35). Women with PCOS often exhibit significantly elevated serum LH
concentrations. As a result, elevated LH/FSH ratios are commonly observed. Ovarian function is
also influenced by insulin, and high insulin levels can negatively impact it. In response to
excessive insulin, theca cells produce large amounts of androgens, which can lead to arrested
follicular maturation and an increased risk of polycystic ovarian morphology, a hallmark of
PCOS (36) (Figure. 4.).
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Fig. 5. Showing the major factors associated with the PCOS

5.2. Genetic Factors

Family and twin studies have shown that PCOS is inherited in an autosomal dominant pattern (37,
38). Genes associated with T2D play a highly significant role in the development of PCOS(39).
Additionally, genes and genetic polymorphisms associated with T2D and obesity have been
connected to hyperandrogenism, which is tied to the PCOS phenotype, highlighting a significant
genetic influence (40). The genetic factors that result in PCOS are race (different races possess
different characteristics), ethnicity (e.g., hirsutism is prevalent in black women having PCOS), and
gene variation (e.g., CYP11a, CYP17 genes), respectively (36). To date, around 30 genes associated
with PCOS risk have been identified through genome-wide association studies (GWAS). These
include several genes involved in gonadotropin regulation and ovarian function, such as FSHB,
FSHR, AMH, AMHR2, LHCGR, STONI1, GTF2A1L, DENNDIA, RAB5B, SUOX, HMGA?2,
C9orf3, YAP1, TOX3, RAD50, FBN3, PRDM2, KAZN, IQCA1, and CDH10. Additionally, genes
related to metabolic and neural functions, including THADA, GATA4, NEIL2, ERBB2, ERBB3,
ERBB4, SUMOI1PI1, INSR, KRR1, KCNA4, KCNH?7, and FIGN3, have also been identified (41,42)
(Figure. 5.).

5.3. Epigenetic Changes

Epigenetics studies molecular mechanisms that regulate gene activity without involving changes in
the DNA sequence, including chromatin structure, DNA modification, nuclear architecture, and non-
coding RNAs (3, 45). Both genetic and epigenetic factors play a role in the development of PCOS.
Emerging evidence indicates that epigenetic modifications are closely linked to an increased
susceptibility to PCOS, along with its related metabolic and reproductive dysfunctions (44). The
epigenetic abnormality hypothesis suggests that exposure to a hyperandrogenic environment in utero
may disrupt epigenetic reprogramming in foetal reproductive tissues, potentially leading to PCOS-
like phenotypes after birth (44). Genome-wide epigenetic profiling, including histone modifications,
DNA methylation, and non-coding RNAs, has been conducted in different tissues from both animal
models and PCOS patients (45). Approximately 30% of the differentially expressed genes were
associated with DNA methylation levels at CpG sites within or near skeletal muscle genes, indicating
that DNA methylation likely influences gene expression in women with PCOS (26). In women with
PCOS, hypermethylated genomic regions were primarily located on CpG island shores (within 1-2
kb of a CpG island) and at promoters with high CpG content. In contrast, hypomethylated regions
were observed within gene bodies. Contrariwise, another study reported hypomethylation of both
CpG islands and CpG island shores in women with PCOS (46, 47). Numerous studies on DNA
methylation have been conducted specifically in ovarian granulosa cells. Targeted analyses of DNA
methylation at genomic loci containing key genes in granulosa cells have identified hypomethylation
in the promoters of YAP1, LHCGR (encoding the LH receptor), NCOR1, and HDAC3. This
hypomethylation correlates with ovarian pathologies, including granulosa cell proliferation, LH
receptor overexpression, and disrupted hormonal signalling (48, 49) (Figure.4.).



24  American Journal of Bioscience and Clinical Integrity Volume: 2 | Number: 9 (2025)

5.4. Environmental factors

Studies suggest that heavy metal poisoning, pesticide exposure, and endocrine-disrupting
chemicals are key environmental factors negatively impacting reproductive health (50).
Moreover, an unhealthy lifestyle and poor diet can accelerate the progression of PCOS, while
stress may trigger anxiety, irritability, and depression (51). Multiple studies have demonstrated a
positive correlation between the prevalence of PCOS and both smoking and exposure to second
hand smoke (52). A population-based study in Taiwan identified a correlation between increased
exposure to fine air pollutants, including SO,, NO, and NO., and a higher risk of developing
PCOS (113).

5.5. Insulin resistance

In patients with PCOS, anovulation is primarily caused by insulin resistance and
hyperinsulinemia, while elevated androgen levels further worsen insulin resistance (34). A study
indicated that anti-androgen treatment and androgen suppression enhanced insulin sensitivity in
both obese and non-obese individuals with PCOS (53). Although the exact causes of metabolic
abnormalities are not fully understood, disruptions in insulin secretion and signaling are thought
to be the main contributing factors. This was evidenced in female rhesus monkeys exposed to
excess testosterone in vitro, which led to harm insulin production and function (36). Reducing
insulin resistance and excess adiposity are thus primary targets in managing PCOS. Vitamin D
deficiency has also been observed in patients with PCOS (31). Deficiency of Vitamin D has been
linked to the development of insulin resistance and impaired glucose tolerance in obese PCOS
patients, as evidenced by their lower serum 25-OH-D levels compared to non-obese women with
PCOS.

5.6. Diet and Life Style

Women with PCOS tend to experience higher rates of weight gain over time and have a greater
prevalence of overweight and obesity, which can impair insulin resistance and, consequently, the
severity of PCOS symptoms (54, 55, 56). The cause is unclear, but it may be linked to variations
in intrinsic psychological and biological mechanisms or to external lifestyle factors such as diet
and physical activity (57, 58). Researchers found that women with PCOS often adopt various
unhealthy and potentially ineffective lifestyle habits to manage their condition. This is consistent
with the findings, where participants followed diets that excluded core food groups, such as
paleo, ketogenic, and elimination diets. Although certain diets, like low FODMAP and dairy-
free, may be recommended for specific medical conditions (e.g., irritable bowel syndrome or
food allergies), there is limited evidence supporting their effectiveness for managing PCOS (58,
59).

5.7. Stress

There is a significant connection between stress and female reproductive physiology.
Psychological stress triggers an increase in cortisol secretion, reducing the production of
estradiol. It affects granulosa cell functions within the follicle which results in deterioration of
oocyte quality (60). For many women, the effects of PCOS can cause stress in both personal and
social aspects of life. The psychological impact is significant, with depression and anxiety rates
ranging from 28% to 64% (61,62). Research specifies that PCOS symptoms are a major
contributor to psychological distress and negatively impact women’s health-related quality of life
(HRQoL) (61,62,63,64). In light of this issue, international guidelines recommend a focused
examination of the psychological factors and quality of life of women with PCOS, emphasizing
the need to screen for symptoms of depression and anxiety during consultations (65).
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6. Associated health risks

6.1. Impaired glucose tolerance, type 2 diabetes and coronary heart disease

Polycystic ovary syndrome (PCOS) is associated with obesity, impaired glucose tolerance, and an
increased risk of diabetes (66). It is also associated with several serious health conditions, including
dyslipidaemia, cardiovascular disease, sleep apnea, depression, and non-alcoholic fatty liver disease
(67). Studies reported that more than 20% of obese women with PCOS will have impaired glucose
tolerance after the age of 30 (69). According to the International Diabetes Federation, PCOS is
recognized as a non-modifiable risk factor for developing Type 2 Diabetes (T2D) (68). Evidence
shows that women diagnosed with PCOS have a seven-fold higher prevalence of type 2 diabetes
compared to controls, with rates of 15% versus 2%, respectively (69,70). Pancreatic beta (p3)-cell
dysfunction is another factor that is linked to both PCOS and T2D (71). Evidence suggests that a
family history of T2D, reflecting genetic risk, is linked to an increased likelihood of T2D progression
in women with PCOS. The presence of a defect in insulin action that amplifies LH-stimulated
androgen secretion from theca cells has been well established. Women with a high rate of impaired
glucose tolerance, suggesting that further cases of diabetes will develop later. However, studies say
that the frequency of type 2 diabetes is also increased in women with PCOS who are not obese (body
mass index less than 27 kg/m?) (72, 73, 74, 75). Women with PCOS have more risk factors for
cardiovascular disease than other women of the same age, and may be at increased risk of
cardiovascular events and death (50). The pancreatic B-cell fails to function properly, which is
inversely correlated to SHBG (sex hormone binding globulin) concentration, leading to
hyperandrogenism and chronic unopposed estrogen secretion. There are two mechanisms by which
insulin resistance in PCOS contributes significantly to the higher incidence of cardiovascular disease
in these women. One mechanism is the direct atherogenic action, and the other mechanism is the
adverse effect of the lipoprotein profile (75). The serum plasminogen activator inhibitor-I
concentrations are elevated, which leads to impaired fibrinolysis and therefore directly affects
vascular tissue, causing changes associated with coronary heart disease. The evidence thus indicates
that there is indeed an increased risk for women with PCOS of developing cardiovascular disease
(77). The elevation of risk factors in young women with PCOS may therefore put them at increased
risk of developing accelerated atherosclerosis resulting in myocardial infarction (78, 79, 80). In the
Nurses' Health Study, menstrual cycle irregularity was associated with an increased risk of nonfatal
and fatal coronary heart disease, although no data were available for confirmation of a diagnosis of
PCOS (69). There seems to be a direct relationship between insulin plasma levels and blood pressure
(81, 82). The prevalence of hypertension is three times higher in women with PCOS between the ages
of 40 and 59 years than in controls. The incidence of preeclampsia in obese women with PCOS
conceiving is four times higher than that of the general pregnant population (82).

6.2. Endometrial Cancer

Endometrial cancer (EC) is the second most commonly diagnosed cancer among women
worldwide, with 417,000 new cases and 97,000 deaths reported in 2020 (83). It impacts the inner
lining of the uterus and has a rising incidence worldwide (84). Meta-analyses identify PCOS as a
significant risk factor, with women who have PCOS being three times more likely to develop
endometrial cancer. The risk is notably higher for women under 54 compared to those who are
older (85). In women with PCOS, significant risk factors for endometrial carcinoma include
obesity, nulliparity, age over 50, infertility, hypertension, diabetes, chronic anovulation, and
unopposed estrogen supplementation. The development of endometrial cancer (EC) is influenced
by DNA damage response and repair pathways. The progression of endometrial cancer in
women with PCOS may be influenced by the increased expression of genes associated with
obesity (86). Some studies have found overexpression of luteinizing hormone and human
chorionic gonadotropin receptors in uterine adenocarcinoma cells, suggesting that increased
secretion of luteinizing hormone—a characteristic feature of PCOS—may also play a role in the
development of endometrial cancer (87, 88). The higher prevalence of endometrial cancer (EC)
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in women with PCOS is linked to chronic anovulation, which disrupts the normal cycle of
monthly morphological changes in the endometrial structure. Moreover, impaired endometrial
sensitivity to major sex steroid hormones, such as estrogen and progesterone, often manifests as
progesterone resistance, further contributing to the risk (89). Women with PCOS experience
ovulation irregularities, leading to infrequent or absent endometrial shedding. As a result, they
are at an increased risk of developing endometrial hyperplasia and, subsequently, endometrial
carcinoma (90). Insulin, androgens, and estrogens stimulate mitotic activity by increasing levels
of insulin-like growth factors. These changes can enhance the risk of endometrial hyperplasia
and carcinoma by promoting endometrial proliferation and increasing the potential for
mutagenesis (90).

6.3. Ovarian cancer

Some studies have suggested a possible link between PCOS and an increased risk of ovarian
cancer. Research on the link between ovarian cancer (OC) and PCOS has been conducted, with a
significant study by Schildkraut et al. finding a 2.5-fold increased risk of OC in women with
PCOS, which rose to a 10.5-fold higher risk in those not using oral contraceptives (91). PCOS,
characterized by endocrine and metabolic imbalances, is frequently associated with oxidative
stress. Targeting internal oxidative stress may offer a potential therapeutic approach. Reactive
oxygen species (ROS) are essential in signaling processes, but excessive or prolonged ROS
production is associated with the initiation and progression of cancer. Oxidative stress plays a
key role in the development of ovarian cancer (OC) (92, 93). Another study examining the use of
clomiphene, an ovulation-inducing medication, and its link to ovarian cancer suggests that the
relative risk of ovarian cancer in women with PCOS is comparable to that of control groups.
Although studies on the risk of ovarian cancer in PCOS patients are limited, research suggests
that ovarian tissues in individuals with irregular menstruation show DNA hypo methylation and
miRNA patterns similar to those found in ovarian cancer, indicating an increased risk of ovarian
cancer in PCOS patients (94).

6.4. Breast Cancer

Data on the risk of breast cancer in women with PCOS are limited. Chronic anovulation and
hyperandrogenism are key characteristics of PCOS, resulting in clinical features like
amenorrhea, obesity, infertility, and hirsutism, all of which are also recognized as risk factors for
breast cancer development. The causal relationship between PCOS and breast cancer (BC)
remains debated, with conflicting findings from previous epidemiological studies. A Danish
cohort study suggests that PCOS may increase the risk of postmenopausal breast cancer, in
contrast, another retrospective cohort study indicates that it may raise the overall risk of breast
cancer (94). Instead, there appears to be a positive association between PCOS and a family
history of breast cancer. In a study involving 217 women, the proportion of those with a positive
family history of breast cancer was significantly greater among women with PCOS compared to
the control group (95). The sustained elevation of serum estrogen levels can help to explain the
growth of hormone-sensitive tumors, such as breast and ovarian carcinoma. The mechanisms
underlying the development of gynecological cancers in women with PCOS are complex and
demand further investigation through large-scale, long-term studies to fortify the understanding
of their association (96).

7. Infertility and reproductive challenges

Extensive international research has consistently identified PCOS as a leading cause of female
infertility, which affects family planning. Lack of ovulation can lead to fertility issues. Even if a
woman becomes pregnant, it does not necessarily mean she is ovulating regularly. As a result,
she may not realize there is a problem until she tries to conceive for some time without success
(28). In patients with PCOS, factors such as anovulation, increased risk of spontaneous abortion,
poor oocyte quality, elevated blood LH levels, and miscarriages associated with
hyperinsulinemia can negatively impact fertility. Women with PCOS face a higher risk of
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endometrial hyperplasia due to ovulatory dysfunction and infertility, which can reduce their
chances of achieving pregnancy and having children (97, 98). Insulin resistance, a hallmark of
PCOS, disrupts glucose metabolism in the endometrium, leading to progesterone resistance and
impaired endometrial function. This increases the risk of miscarriages, as well as the likelihood
of atypical hyperplasia and endometrial cancer (99). Moreover, Bahri Khomami et al.
demonstrated that women with PCOS are at least twice as likely as women without the condition
to experience miscarriages, pregnancy-induced hypertension, hyper glycaemia, and
preeclampsia. Due to disrupted ovulatory function, women with PCOS are advised to consider
oral ovulatory induction treatments, such as letrozole. Incorporating lifestyle changes alongside
recommended therapies may increase ovulation frequency and serve as an alternative strategy,
though it may be less effective (100).

8. Mental health Implications

The impact of PCOS goes beyond physical symptoms, as women with the condition face a higher
risk of mental health issues, including depression, anxiety, bipolar disorder, obsessive-compulsive
disorder, somatization, eating disorders, and diminished sexual satisfaction (101,102). It examines the
increased risk of psychiatric disorders, like depression and anxiety, in women with PCOS and delves
into contributing factors like obesity, body image concerns, and stress (103). Anxiety and depression
are especially common among women with PCOS, with 64.1% reported to experience depressive
disorders (104, 105). In addition to metabolic changes, insulin resistance and impaired secretion of
gastrointestinal hormones such as ghrelin and cholecystokinin are also risk factors that may
predispose individuals to the development of psychological disorders, including depression
(106,107,108). Depressive and anxiety symptoms related to PCOS are associated with changes in
hormonal pathways, including progesterone, deoxycorticosterone, and testosterone, which may play a
role in the underlying mood swings (109). So, infertility associated with PCOS is closely linked to an
increased susceptibility to anxiety and depression in patients with the condition (110). Lifestyle
interventions, such as dietary changes, regular exercise, and cognitive behavioural therapy, have
shown noteworthy potential for improving the mental health of women with PCOS (103)

9. Life style and dietary management

The International Evidence-Based Guideline for the Assessment and Management of PCOS
emphasizes lifestyle intervention as the primary approach for early management. Traditionally,
lifestyle interventions are defined as strategies aimed at improving diet or physical activity through
supportive behavioural guidance (111). Weight loss and regular exercise are the most effective ways
to regulate menstrual cycles, prevent the progression to type 2 diabetes, and reduce cardiovascular
risk. Lifestyle can encompass various traditional, complementary, and integrative medicine (TCIM)
therapies, including psychological and sleep interventions, the use of supplements, and acupuncture
(112). While effective lifestyle management is essential in PCOS care, evidence of higher long-term
weight gain in community populations and high dropout rates in clinical weight management
programs indicates that women with PCOS often face challenges in managing diet and physical
activity (54,113). A right diet with adequate exercise has shown great results in PCOS recovery. It is
also important to preserve mental health by making time for hobbies such as listening to music,
singing, or playing sports (114). The medical therapies includes oral contraceptive pills, insulin
sensitizing drugs such as metformin, hormones (gonadotropin’s), testosterone lowering drugs, weight
losing drugs, antidepressants and anti- anxiety drugs are also used to control PCOS (115) (Fig.6.).
Excess hair growth on the face and/or other parts of the body can be removed by shaving or use of
depilatories, electrolysis, or laser therapy (116). There are several surgical methods that are
successfully used to manage the restoration of ovulation. Various laparoscopic methods, including
electrocautery, laser drilling, and multiple biopsies, have been used with the aim of creating certain
focal areas of damage in the ovarian cortex and its stroma (117). Ovarian drilling is a type of
laparoscopic surgery that involves making several holes in the surface of the ovaries and stroma. It is
hypothesized that this treatment will reduce androgen levels by destroying the tissue that generates
androgens (118).
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Fig.6. Pharmacotherapy of PCOS

10. Importance of early diagnosis and intervention

The diagnostic examination includes assessing androgen levels through hormonal evaluation,
evaluating hirsutism using the Ferriman-Gallwey score, and examining antral follicle count and
ovarian volume through ultrasonography. Insulin resistance should be evaluated using the
HOMA index, calculated by multiplying fasting plasma insulin (mU/L) and glucose (mmol/L)
concentrations and dividing by 22.5. Measuring biochemical markers of hyperandrogenism is
especially useful in patients who lack clear clinical signs, such as hirsutism, acne vulgaris, and
female pattern hair loss (FPHL) (119) (Fig.7.). Certain blood tests are essential for diagnosing
PCOS in adolescent and adult women, helping exclude other conditions that may cause irregular
menstrual cycles and hyperandrogenism. These tests include beta-human chorionic gonadotropin
(for sexually active individuals), LH, FSH, thyroid function tests, prolactin, midnight salivary
cortisol, and 17-hydroxyprogesterone (17-OHP) (120,121). Although pelvic ultrasound and
polycystic ovarian morphology (PCOM) are included in the Rotterdam diagnostic criteria for
PCOS in adult women, they are not recommended for diagnosing PCOS in adolescents, as this
may lead to over diagnosis during this life stage. This is supported by prior evidence summarized
in international guidelines for adolescents, along with more recent findings (16,122,123). Serum
AMH is not currently recommended as a standalone test for diagnosing PCOS in women or
adolescents, due to variability across studies regarding age, assay types, and diagnostic criteria.
Research has shown a significant overlap in AMH values between women with and without
PCOS (16,124,125). Future diagnostic approaches wunder consideration include 3D
ultrasonographic evaluation of follicles and the potential role of anti-Miillerian hormone (AMH)
levels (126,127).
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11. Need for awareness and education

Despite the broadened and more detailed diagnostic criteria, PCOS remains underdiagnosed and
insufficiently studied. Women have limited awareness of PCOS and its associated complications,
leading to inadequate evaluation of the condition. As a result, there is a critical need to improve
women's understanding to prevent severe outcomes. The clinical symptoms of PCOS may not appear
concerning to many women. In young adolescents, symptoms such as weight gain, acne, menstrual
irregularities, and abnormal hair growth are often overlooked and mistaken for typical pubertal
changes. As a result, the condition may go unnoticed until severe complications, such as infertility,
develop, typically at the point at which many patients seek medical attention due to difficulty
conceiving (128,129). It is clear that PCOS is easier to manage when diagnosed early, in contrast to
the more complex management required in the later stages (130). However, awareness has been
found to be insufficient among both healthcare professionals and women in the general population
(129). Clinical guidelines advise diagnosing PCOS based on a thorough evaluation of the patient's
clinical presentation. Raising awareness among the population will encourage women to seek
medical care when needed (131).

12. Emerging Trials and Therapies

GLP-1 receptor agonists (e.g., liraglutide)

Gut microbiota modulation
Anti-inflammatory agents

Nutraceuticals: curcumin, omega-3, vitamin D

Modernized trials and therapeutic approaches are discussed in Table 1. And Table.2

YV V. V V V V

Challenges in the treatment of PCOS and challenges of polycystic ovarian syndrome (PCOS)
have also been analyzed in Table 3. and Table.4.

Table.1. Clinical Trials on PCOS Treatment

e . Study Target Primary Status /
Trial Title /D Intervention Design Population QOutcome Year
Letrozole vs. : .
Clomiphene Citrate | Letrozole vs. Randomized Women with Ovulation & Completed
. . Controlled PCOS & ) . (NEIM,
for Ovulation Clomiphene Trial (RCT) fertili live birth rate 2014)
Induction (PPCOS ria infertifity
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Myo-inositol Women with
Inositol in PCOS &yD-chiro- Double- PCOS Menstrual cycle | Completed
(NCT03422289) L blind RCT (Rotterdam regularity (2020)
inositol S
criteria)
Vitamin D o .
Supplementation in Vitamin D Placebo- Vitamin D- Insulin Completed
controlled deficient PCOS resistance
PCOS 4000 TU/day RCT wWomen (HOMA-IR) (2022)
(NCT03617207)
Completed
Berberine vs. Berberine 0.5 Insulin (2012,
. Open-label Obese women . . .
Metformin g TID vs. RCT with PCOS resistance, lipid Chin J
(NCTO01138930) Metformin profile Endocrinol
Metab)
. Sy . . Weight
Liraglutide in Obese | - Liraglutide Double- Obese PCOS reduction, Completed
PCOS Women I8mg/day | 1 iRCT atients menstrual (2021)
(NCT02908829) SC p ,
regularity
Completed
Resveratrol for Placebo- . Testosterone (J Clin
. Resveratrol Hyperandrogenic . . .
Hyperandrogenism 1500 mg/d controlled PCOS women levels, insulin | Endocrinol
(NCT01720459) ay RCT sensitivity Metab,
2016)
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. Letrozole+ | Multicentered| Infertile PCOS Ovulationrate, | (Fertility &
Metformin vs. . o
Metformin RCT women pregnancy rate | Sterility,
Letrozole Alone 2019)
Table.2. Current Therapeutic Strategies
Treatment Indication Mechanism
. . . . Diet ise i lati
Life style modification Obesity, IR iet, exercise improve ovulation &

insulin sensitivity

Oral contraceptives

Menstrual irregularity, hirsutism

production

Suppress LH and androgen

Metformin
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Improves insulin sensitivity,

restores ovulation

Anti-androgens (e.g.,
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Table.3.

Challenges in the Treatment of PCOS

Challenge

Explanation

1. Lack of Curative Treatment

PCOS has no permanent cure. Management is symptomatic and
often requires lifelong interventions.

2. Heterogeneous Presentation

Wide variability in symptoms (reproductive, metabolic,
dermatological, psychological) makes standard treatment difficult.

3. Drug Resistance

Some patients show poor response to first-line therapies (e.g.,
clomiphene citrate for ovulation induction).

4. Side Effects of Medications

Hormonal contraceptives and anti-androgens can cause mood
changes, weight gain, liver dysfunction, or thrombotic risks.

5. Lifestyle Modifications Are
Hard to Sustain

Diet, exercise, and weight loss are effective but difficult to
maintain long-term due to metabolic imbalances.

6. Insulin Resistance
Management

Insulin-sensitizing agents like metformin are not effective in all
cases and may cause gastrointestinal discomfort.

7. Limited Fertility Options

Advanced treatments (IVF, laparoscopic ovarian drilling) are
expensive and not accessible to all.

8. Psychological Support is

Anxiety, depression, and body image issues are often ignored in

Inadequate PCOS treatment plans.
9. Lack of Personalized One-size-fits-all approaches are ineffective; individual hormonal
Therapy and metabolic profiles often need tailored interventions.

10. Inconsistent Guidelines

Different diagnostic criteria (Rotterdam, NIH, AE-PCOS) lead to
confusion in treatment approaches.

11. Poor Patient Compliance

Due to chronic nature, complex regimens, and lack of immediate
results, many patients abandon treatment.

12. Cultural/Social Barriers

In some cultures, stigma around infertility or cosmetic symptoms
leads to delayed treatment-seeking.

Table.4. Table: Challenges of Polycystic Ovarian Syndrome (PCOS)

S. No. Challenge Description
1 Diagnostic Difficulty Symp_toms overlap with other disorders; multiple diagnostic
criteria used.
) Heterogeneous Variability in presentation (menstrual, metabolic, dermatologic,
Symptoms psychological).
3 Lack of Curative Current therapies manage symptoms but do not eliminate the
Treatment root cause.
4 Insulin Resistance Cen‘gral to PCOS.; increases risk of type 2 diabetes and
cardiovascular diseases.
5 Fertility Issues Qvulation problems lead to difficulty conceiving and emotional
distress.
6 Mental Health High prevalence of anxiety, depression, low self-esteem, and
Concerns body image issues.
7 Obesity and Weight Common in PCOS and worsens hormonal imbalance and insulin
Gain resistance.
2 Long-term Health Risks Risk of endometrial cancer, metabolic syndrome, and heart
disease.
9 Inconsistent Guidelines Multiple diagnostic criteria (NIH, Rotterdam, AE-PCOS)
complicate management.
10 Stigma and Social Infertility, acne, and hirsutism carry social stigma in many
Pressure cultures.
1 Limited Awareness and | Many individuals and even healthcare providers lack sufficient
Education knowledge.
12 Delayed Diagnosis fgi(o)ri éssglr“ltlepri glnllgl}agnosed or diagnosed late due to subtle or
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13. Discussion

PCOS is a markedly understudied condition, though it affects 11-13% women globally. It is
characterized by insulin resistance and hyperandrogenism. It is also linked to obesity,
hyperinsulinemia, and a heightened risk of cardiovascular diseases (132). In addition to its
physiological effects, PCOS is linked to anxiety, depression, eating disorders, psychosexual
dysfunction, and negative body image, all of which collectively reduce patients' health-related quality
of life. Over the past three years, the global prevalence of PCOS has been estimated to range from
2.2% to 48%, affecting countries like India, Australia, the USA, and China (133,134). PCOS is a
leading cause of female infertility due to ovulatory dysfunction, and it also increases the risk of other
health complications such as type 2 diabetes, endometrial cancer, breast cancer, and ovarian cancer.
The global burden of PCOS is further compounded by challenges in diagnosis and management, as
the syndrome can present with varied clinical manifestations and requires a multidisciplinary
approach for effective treatment (135). The increasing prevalence of PCOS among young women and
adolescents remains puzzling, as its underlying etiological factors are not well understood. A survey
conducted in India reported a PCOS prevalence rate of 6% to 46.8% based on the Rotterdam criteria
(136). The search for new therapeutic options to treat PCOS in adolescents is ongoing. While novel
approaches show promise, ensuring their safety in this patient population is of utmost importance
(137). Trent et al. reported that N-acetyl cysteine improved metabolic parameters, such as insulin
resistance, and hormonal parameters, including testosterone levels, in young women with PCOS
(138). Vitamin D supplementation is believed to potentially improve insulin sensitivity and promote
menstrual regularity (139). Women with polycystic ovary syndrome (PCOS) are at higher risk for
certain problems or complications during pregnancy. Complications of pregnancy commonly
associated with PCOS could be a reason for these risks. Gonadotropins, such as recombinant FSH
and human menopausal gonadotropin (HMG), are considered the second-line treatment for ovulatory
infertile women with PCOS (140). Laparoscopic surgery is a second-line surgical option for inducing
ovulation in women with PCOS who are resistant to or do not respond to clomiphene (141). In vitro
fertilization (IVF) is recommended as a third-line treatment option for infertility in women with
PCOS who have no associated complications (142). The management of PCOS in all cases begins
with lifestyle modifications, including weight loss and increased physical activity. It is estimated that
40-70% of adolescents with PCOS are either overweight or obese (143). Thus, it is essential to
promote positive lifestyle changes in all patients from the outset and to maintain these healthy habits
as an adjunct if additional therapy is required. Moderate to vigorous physical activity for at least 30—
60 minutes daily is recommended. Weight loss can help reduce body mass index (BMI=kg/m2) and
facial hair growth (FHG), while regular physical activity has a beneficial impact on menstrual cycle
regulation (144). Researchers are studying whether treatment with insulin-sensitizing drugs such as
metformin can prevent or reduce the risk of pregnancy problems in women with PCOS. Besides oral
drugs, there are many other herbal formulations that can also be used to treat PCOS and the
complications related to PCOS. Insights into its underlying mechanisms provide potential therapeutic
targets, such as strategies to restore hormonal balance and improve reproductive outcomes. Early
identification and targeted management strategies are crucial for mitigating the long-term
consequences of PCOS and related conditions, ultimately improving reproductive health safety and
overall well-being.

Conclusion

Polycystic ovary syndrome (PCOS) is a common endocrine metabolic disorder marked by the
dysregulation of the hypothalamic-pituitary-ovarian (HPO) axis results in chronic anovulation,
irregular menstrual cycles, and the accumulation of small follicles in the ovaries. This disrupted
hormonal environment, characterized by excessive androgen secretion and insulin resistance,
contributes to ovulatory dysfunction, infertility, and the metabolic disturbances seen in PCOS.
Understanding the complexities of PCOS is essential for effective management and intervention.
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Insights into its underlying mechanisms provide potential therapeutic targets, such as strategies
to restore hormonal balance and improve reproductive outcomes. Early identification and
targeted management strategies are crucial for mitigating the long-term consequences of PCOS
and related conditions, ultimately improving reproductive fitness and welfare. Polycystic ovary
syndrome (PCOS), which affects 5-20% of women in this demographic, presents challenges in
diagnosis and management, increasing the risk of infertility and other health complications.
Addressing these challenges necessitates increased awareness, education, and early detection
efforts, along with continued research and initiatives that consider broader socio-economic and
cultural factors. In brief, accurate recognition and suitable treatment of hormone level alterations
associated with PCOS are vital for preventing both short- and long-term medical effects. A
comprehensive and integrated approach involving healthcare providers, policymakers,
researchers, and advocacy organizations is indispensable for reducing the global impact of PCOS
and enhancing the general health and security of those affected.
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