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Abstract 

Polycystic ovary syndrome (PCOS) is a complex endocrine and metabolic disorder, typically characterized by anovulation, 

infertility, obesity, insulin resistance, and polycystic ovaries. Lifestyle or diet, environmental pollutants, genetics, gut 

dysbiosis, neuroendocrine alterations, and obesity are among the risk factors that predispose females to PCOS. These 

factors might contribute to upsurging metabolic syndrome by causing hyperinsulinemia, oxidative stress, 

hyperandrogenism, impaired folliculogenesis, and irregular menstrual cycles. Dysbiosis of gut microbiota may play a 

pathogenic role in the development of PCOS. The restoration of gut microbiota by probiotics, prebiotics, or a fecal 

microbiota transplant (FMT) might serve as an innovative, efficient, and noninvasive way to prevent and mitigate PCOS. 

This review deliberates on the variety of risk factors potentially involved in the etiology, prevalence, and modulation of 

PCOS, in addition to plausible therapeutic interventions, including miRNA therapy and the eubiosis of gut microbiota, 

that may help treat and manage PCOS. 
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1.Introduction 

One of the most prevalent endocrine system conditions 

affecting women of reproductive age is polycystic ovary 

syndrome (PCOS), also known as hyperandrogenic 

anovulation (HA) or Stein–Leventhal syndrome. This 

chronic and heterogeneous disorder manifests itself as 

menstrual dysfunction, infertility, hirsutism, acne, and 

obesity. [1]It describes a condition where at least one 

ovary has an ovarian volume greater than 10 mL and at 

least one ovary has an estimated ten small cysts, with 

diameters ranging from 2 to 9 mm, develop .[2] It is 

usually only diagnosed when complications develop that 

significantly reduce a patient’s quality of life (e.g., hair 

loss, alopecia, acne, and infertility-related problems) [4]. 

https://doi.org/10.53555/AJBR.v27i4S.4760
https://pmc.ncbi.nlm.nih.gov/articles/PMC9964744/#B4-jcm-12-01454
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According to a systematic screening of women using the 

National Institutes of Health (NIH) diagnostic standards, 

4–10% of reproductive-age women are predicted to have 

PCOS worldwide [1]. The World Health Organization 

(WHO) estimates that in 2012 PCOS affected 116 

million women (3.4%) globally [5]. This high frequency, 

as well as its link with ovulation and menstruation 

abnormalities, infertility, hair loss, and metabolic issues, 

underscores PCOS’s significant financial burden [2,6]. 

Although PCOS can occur at any age, beginning with 

menarche, the majority of instances are identified 

between the ages of 20 and 30 [7]. PCOS affects 1.55 

million women of reproductive age worldwide, resulting 

in 0.43 million disability-adjusted life years (DALYs). 

The age-standardized incidence rate of PCOS in women 

of reproductive age was 82.44 per 100,000 in 2017, 

1.45% higher than in 2007 [8]. Recent research reveals 

that PCOS is a lifelong syndrome that first manifests 

during pregnancy, although it was traditionally thought 

to be a disorder that only affected adult women [9]. 

While the exact cause of this multifactorial disorder is 

unknown, a combination of inherited and environmental 

factors is thought to play a primary role. The 

pathophysiology of PCOS is chiefly concerned with 

hormonal imbalance, chronic low-grade inflammation, 

insulin resistance, and hyperandrogenism, which impair 

folliculogenesis and increase the risk of related 

comorbidities, such as endometrial cancer and type II 

diabetes. According to international recommendations, 

the three main factors used to diagnose PCOS are 

hyperandrogenism, ovarian morphology, and 

anovulation [10]. A range of environmental factors, 

including geography, diet and nutrition, socioeconomic 

status, and environmental pollutants, are possibly 

contributing to the development, occurrence, and 

management of PCOS [11]. In recent years, the link 

between PCOS and the microbiome has been 

established, and it is believed to have contributed to the 

establishment of the syndrome. Dysbiosis of the gut 

microbial community, caused by environmental risk 

factors, might be a potential pathogenic factor in the 

development and progression of PCOS. Different 

pathogenic aspects of PCOS are caused by different 

microbiota, and essential routes linking their 

involvement in the onset of various clinical 

manifestations of PCOS bring up new therapy options 

for the condition [12]. Prebiotics, probiotics, synbiotics, 

and fecal microbiota transplants (FMTs) help manage 

the variety of phenotypes associated with PCOS by 

boosting eubiosis and reducing the impact of altered 

microbial profiles. Microbiota-mediated therapies might 

improve the metabolic, inflammatory, and hormonal 

characteristics of PCOS women. 

This review summarizes the risk factors that may 

contribute to the development, prevalence, and 

modulation of PCOS, as well as its possible treatment 

approaches, including IL-22 and miRNA therapy. 

Additionally, we discuss the importance of gut dysbiosis 

in the pathogenesis of PCOS and evaluate several 

microbiota-focused intervention options that could help 

manage the disorder. 

 

1.1Disease Pathophysiology: 

Across the globe, PCOS affects between 8% and 20% of 

women of reproductive age annually, according to the 

diagnostic criteria [14].The pathophysiology of this 

condition is influenced by alterations in steroidogenesis, 

ovarian folliculogenesis, neuroendocrine function, 

metabolism, insulin production, insulin sensitivity, 

adipose cell activity, inflammatory factors, and 

sympathetic nerve function [15]. According to Barre et 

al., the high consumption of carbohydrates, 

hyperinsulinemia, hyperandrogenemia, and persistent 

low-grade inflammation are the four key contributors to 

pathophysiological alterations in PCOS 

 

 
 

A. Hyperandrogenism 

The biochemical hallmark of PCOS is 

hyperandrogenemia, which manifests clinically as 

hirsutism, acne, and alopecia. High levels of androgens 

are observed in 75–90% of PCOS patients with 

oligomenorrhea, and their concentrations frequently 

increase with the severity of the phenotype. Excessive 

androgen synthesis by the ovaries as well as the adrenals 

contributes to hyperandrogenism [17]. Increased levels 

of free (unbound) testosterone, a major hormone 

https://pmc.ncbi.nlm.nih.gov/articles/PMC9964744/#B1-jcm-12-01454
https://pmc.ncbi.nlm.nih.gov/articles/PMC9964744/#B5-jcm-12-01454
https://pmc.ncbi.nlm.nih.gov/articles/PMC9964744/#B2-jcm-12-01454
https://pmc.ncbi.nlm.nih.gov/articles/PMC9964744/#B6-jcm-12-01454
https://pmc.ncbi.nlm.nih.gov/articles/PMC9964744/#B7-jcm-12-01454
https://pmc.ncbi.nlm.nih.gov/articles/PMC9964744/#B8-jcm-12-01454
https://pmc.ncbi.nlm.nih.gov/articles/PMC9964744/#B9-jcm-12-01454
https://pmc.ncbi.nlm.nih.gov/articles/PMC9964744/#B10-jcm-12-01454
https://pmc.ncbi.nlm.nih.gov/articles/PMC9964744/#B11-jcm-12-01454
https://pmc.ncbi.nlm.nih.gov/articles/PMC9964744/#B12-jcm-12-01454
https://pmc.ncbi.nlm.nih.gov/articles/PMC9964744/#B14-jcm-12-01454
https://pmc.ncbi.nlm.nih.gov/articles/PMC9964744/#B15-jcm-12-01454
https://pmc.ncbi.nlm.nih.gov/articles/PMC9964744/#B17-jcm-12-01454
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contributing to the pathogenesis of PCOS, are indicative 

of hyperandrogenism. Abnormal ovarian or adrenal 

function leads to the overproduction of androgens. In 

PCOS, impaired folliculogenesis is the initial effect of 

excess androgens disrupting normal androgen synthesis. 

At the early gonadotropin stage, excess androgens 

encourage the growth of primordial follicles and a rise 

in the antral follicles [18]. The release of gonadotropin 

hormones from the pituitary is triggered by GnRH 

production from the hypothalamus. To increase 

androgen synthesis in ovarian theca cells, luteinizing 

hormone (LH) activates the LH receptor. At the same 

time, follicle-stimulating hormone (FSH) activates the 

FSH receptor in ovarian granulosa cells to convert 

androgens into estrogens, which stimulate follicle 

growth. The dysregulation of the neuroendocrine system 

is thought to cause an imbalance in the hypothalamic–

pituitary–ovarian (HPO) axis, which then leads to an 

excess of gonadotropin. The rise in GnRH promotes the 

production of LH over FSH, resulting in a substantial 

hormonal surge in the LH:FSH ratio in PCOS [19]. 

Theca cells in the ovaries undergo hyperplasia as a result 

of increased LH stimulation, which also causes a build-

up of follicular fluid that forms cystic structures along 

the ovary’s periphery, giving it the appearance of a string 

of pearls. This is because many follicles in the theca cells 

of the ovaries become arrested, mostly in the preantral 

and antral stages. Due to a rise in follicles and the 

expression of essential enzymes involved in androgen 

synthesis, an excessive amount of androgens are 

produced [20]. 

An altered cortisol metabolism is another proposed 

mechanism that contributes to excess androgens in 

PCOS patients. The enhanced inactivation of cortisol by 

5alpha-reductase (5alpha-R), or the impaired 

reactivation of cortisol from cortisone by 11 beta-

hydroxysteroid dehydrogenase type 1 (11beta-HSD1), 

may cause increased peripheral cortisol metabolism, 

which results in less negative feedback suppression of 

adrenocorticotropic hormone (ACTH) secretion while 

maintaining normal plasma cortisol concentrations at the 

expense of excess androgens [21]. Various genetic 

factors are associated with abnormal steroidogenesis. 

CYP genes involved in steroidogenesis play an 

important role in androgen production and are 

considered key players in hyperandrogenism in PCOS 

[20]. 

 

B. Hyperinsulinemia 

Insulin is the main hormone in charge of both 

lipogenesis and glucose homeostasis. Insulin serves as a 

mitogenic hormone in addition to having an impact on 

the metabolism of carbohydrates, fats, and proteins. 

Insulin receptors, which are present in many tissues of 

the HPO axis, mediate the activities of insulin. Insulin 

potentiates the corresponding trophic hormones in 

steroidogenic tissues, such as the ovary and the adrenal 

cortex, to encourage steroidogenesis [20]. As insulin 

directly mimics the action of LH and indirectly raises 

GnRH, hyperinsulinemia is the primary cause of 

excessive androgen production. Sex hormone binding 

globulin (SHBG), a key circulatory protein that regulates 

testosterone levels, is decreased by insulin. Therefore, 

lower SHBG levels would lead to higher levels of free 

androgens, which cause clinical symptoms of PCOS, 

such as hirsutism, alopecia, and acne [20]. Numerous 

studies have shown that lowering insulin resistance will 

ultimately result in reduced androgens and an 

improvement in the disease condition 

 

C. Hyperandrogenism 

The biochemical hallmark of PCOS is 

hyperandrogenemia, which manifests clinically as 

hirsutism, acne, and alopecia. High levels of androgens 

are observed in 75–90% of PCOS patients with 

oligomenorrhea, and their concentrations frequently 

increase with the severity of the phenotype. Excessive 

androgen synthesis by the ovaries as well as the adrenals 

contributes to hyperandrogenism [20]. Increased levels 

of free (unbound) testosterone, a major hormone 

contributing to the pathogenesis of PCOS, are indicative 

of hyperandrogenism. Abnormal ovarian or adrenal 

function leads to the overproduction of androgens. In 

PCOS, impaired folliculogenesis is the initial effect of 

excess androgens disrupting normal androgen synthesis. 

At the early gonadotropin stage, excess androgens 

encourage the growth of primordial follicles and a rise 

in the antral follicles [20]. The release of gonadotropin 

hormones from the pituitary is triggered by GnRH 

production from the hypothalamus. To increase 

androgen synthesis in ovarian theca cells, luteinizing 

hormone (LH) activates the LH receptor. At the same 

time, follicle-stimulating hormone (FSH) activates the 

FSH receptor in ovarian granulosa cells to convert 

androgens into estrogens, which stimulate follicle 

growth. The dysregulation of the neuroendocrine system 

is thought to cause an imbalance in the hypothalamic–

pituitary–ovarian (HPO) axis, which then leads to an 

excess of gonadotropin. The rise in GnRH promotes the 

production of LH over FSH, resulting in a substantial 

hormonal surge in the LH:FSH ratio in PCOS [20]. 

Theca cells in the ovaries undergo hyperplasia as a result 

of increased LH stimulation, which also causes a build-

up of follicular fluid that forms cystic structures along 

the ovary’s periphery, giving it the appearance of a string 

of pearls. This is because many follicles in the theca cells 

of the ovaries become arrested, mostly in the preantral 

and antral stages. Due to a rise in follicles and the 

expression of essential enzymes involved in androgen 

synthesis, an excessive amount of androgens are 

produced [20]. 

An altered cortisol metabolism is another proposed 

mechanism that contributes to excess androgens in 

PCOS patients. The enhanced inactivation of cortisol by 

5alpha-reductase (5alpha-R), or the impaired 

reactivation of cortisol from cortisone by 11 beta-

hydroxysteroid dehydrogenase type 1 (11beta-HSD1), 

may cause increased peripheral cortisol metabolism, 

which results in less negative feedback suppression of 

adrenocorticotropic hormone (ACTH) secretion while 

maintaining normal plasma cortisol concentrations at the 

expense of excess androgens [21]. Various genetic 

factors are associated with abnormal steroidogenesis. 

CYP genes involved in steroidogenesis play an 

important role in androgen production and are 

https://pmc.ncbi.nlm.nih.gov/articles/PMC9964744/#B18-jcm-12-01454
https://pmc.ncbi.nlm.nih.gov/articles/PMC9964744/#B19-jcm-12-01454
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https://pmc.ncbi.nlm.nih.gov/articles/PMC9964744/#B21-jcm-12-01454
https://pmc.ncbi.nlm.nih.gov/articles/PMC9964744/#B20-jcm-12-01454
https://pmc.ncbi.nlm.nih.gov/articles/PMC9964744/#B20-jcm-12-01454
https://pmc.ncbi.nlm.nih.gov/articles/PMC9964744/#B21-jcm-12-01454
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considered key players in hyperandrogenism in PCOS 

[21]. 

d. Hyperinsulinemia 

Insulin is the main hormone in charge of both 

lipogenesis and glucose homeostasis. Insulin serves as a 

mitogenic hormone in addition to having an impact on 

the metabolism of carbohydrates, fats, and proteins. 

Insulin receptors, which are present in many tissues of 

the HPO axis, mediate the activities of insulin. Insulin 

potentiates the corresponding trophic hormones in 

steroidogenic tissues, such as the ovary and the adrenal 

cortex, to encourage steroidogenesis [14]. As insulin 

directly mimics the action of LH and indirectly raises 

GnRH, hyperinsulinemia is the primary cause of 

excessive androgen production. Sex hormone binding 

globulin (SHBG), a key circulatory protein that regulates 

testosterone levels, is decreased by insulin. Therefore, 

lower SHBG levels would lead to higher levels of free 

androgens, which cause clinical symptoms of PCOS, 

such as hirsutism, alopecia, and acne [21]. Numerous 

studies have shown that lowering insulin resistance will 

ultimately result in reduced androgens and an 

improvement in the disease condition 

 

2.Treatment and Management 

Treatments of PCOS must be tailored to the specific 

needs of each patient; goals of therapy may include 

ameliorating hyperandrogenic symptoms, inducing 

ovulation, regulating menstruation, and preventing 

cardiometabolic complications. For women with PCOS, 

irregular menstruation, hirsutism, and infertility are the 

most distressing symptoms. Due to the complex etiology 

of PCOS, its treatment is rarely monotherapeutic, rather 

being personalized based on prevailing signs and 

symptoms. Several complementary therapies have been 

suggested for the management and treatment of PCOS. 

Diet and lifestyle changes are regarded as the 

cornerstone of PCOS management. Different 

pharmacological and non-pharmacological interventions 

can be used to relieve the most prominent symptoms of 

PCOS, such as menstrual irregularities, androgen-

related symptoms, and infertility-causing anovulation. 

For the regulation of metabolic comorbidities in PCOS, 

there are numerous therapeutic approaches with 

potential benefits; however, it is also crucial to 

acknowledge that no single treatment can fully address 

the range of metabolic abnormalities in PCOS-

diagnosed women. Combining lifestyle changes with 

medications for various ailments results in greater 

metabolic benefits and improvements in metabolic 

comorbidity parameters than monotherapies do. 

Additionally, treatment should also take into 

consideration increased levels of anti-Müllerian 

hormone (AMH), plasma metabolomics, and gut 

microbiota composition, which are severe characteristics 

of PCOS, in addition to focusing on primary traits. 

 

5.1. Oral Contraceptives and Anti-Androgens: 

Oral contraceptives (OCs) are the first-line management 

protocol for menstrual abnormalities and hirsutism/acne 

in women with PCOS [22]. OCs function by 

encouraging negative feedback on LH secretion, which 

leads to less androgen production in the ovaries and 

reduces hyperandrogenism. They raise liver-produced 

SHBG while lowering blood levels of free androgens. 

OCs also work by inhibiting the peripheral conversion 

of testosterone into dihydrotestosterone (DHT), binding 

DHT to androgen receptors, and decreasing the release 

of adrenal androgens [22]. The risk–benefit ratios of OC 

preparations can vary depending on their doses and 

medication combinations. The majority of OC 

preparations include estrogen (ethinylestradiol) and anti-

androgens, such as cyproterone acetate (CPA), 

drospirenone, norgestimate, levonorgestrel, and 

desogestrel [22]. Anti-androgens, including 

spironolactone, CPA, flutamide, and finasteride, 

systematically lower levels of androgens [22], therefore 

being used in the medical management of 

hyperandrogenism. Antiandrogens are frequently used 

to treat PCOS because they help with hirsutism and other 

androgen-related issues. The anti-androgens have 

slightly distinct mechanisms of action, but they all 

impede testosterone’s function. Anti-androgen receptor 

drugs have been effective in treating PCOS 

characteristics. The main result of using OCs is a 

decrease in hyperandrogenism due to its effects on the 

hypothalamus and pituitary, in addition to ovarian 

steroidogenesis [23]. Due to these effects it is an 

effective pharmacological intervention for the treatment 

of menstrual irregularity, acne, hirsutism, and 

androgenic alopecia linked to PCOS [22,23]. Third-

generation combination OCs, which contain 

antiandrogenic compounds, have been shown to 

improve the metabolic phenotypes of PCOS, lipid, and 

adipokine profiles in patients. The most prevalent 

competitive antagonist of ARs, flutamide, has been 

shown to benefit PCOS-affected women by reducing 

hirsutism and acne [20,21,22]. Patients with PCOS 

receiving flutamide medication also reported improved 

ovulation and menstrual cycle regularity [23]. 

Additionally, therapy with flutamide in both obese and 

lean PCOS women showed that flutamide improved the 

lipid profiles of women with PCOS, with a substantial 

decrease in total cholesterol, LDL, and TGs, regardless 

of weight changes [24]. Steroidal AR blockers, such as 

CPA and spironolactone, compete with T and DHT for 

binding to ARs. In PCOS patients, both of these AR 

blockers have been found to dramatically reduce 

hirsutism and acne [23]. Additionally, spironolactone 

medication was found, in one trial, to improve metabolic 

characteristics in PCOS-affected individuals [24]. 

Finasteride, a 5-alpha reductase inhibitor that inhibits the 

conversion of T into DHT, is another treatment used to 

effectively manage hirsutism and alleviate 

hyperandrogenic symptoms in PCOS patients [23,24]. 

When considered collectively, findings from the use of 

anti-androgenic medications in PCOS patients, either 

alone or in combination, have shown that the targeted 

reduction in hyperandrogenism and consequently 

androgenic activity has a positive effect, with 

improvements seen in a variety of PCOS traits. 

Comprehensive screening should be performed on 

women with PCOS to identify risk factors for severe side 

effects from OCs, such as a history of smoking, the 

presence of hypertension and obesity, and a history of 

clotting issues, to name a few very important factors. 

https://pmc.ncbi.nlm.nih.gov/articles/PMC9964744/#B14-jcm-12-01454
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5.2. Insulin Sensitizers 

Defective insulin secretion and function are part of the 

pathophysiology of PCOS [24]. The elevated levels of 

androgens in PCOS are known to be influenced by 

hyperinsulinemia and insulin resistance. Ovarian 

function is regulated by insulin, and excessive insulin 

levels can have negative effects on ovarian function. In 

reaction to excessive insulin, theca cells release large 

levels of androgens, which in turn cause follicular 

maturation to be arrested, which increases the risk of 

polycystic ovarian morphology, a sign of PCOS [24]. In 

addition to playing a crucial part in the pathophysiology 

of PCOS, insulin resistance negatively affects PCOS 

patients by predisposing them to long-term health issues, 

such as T2DM and CVD. To effectively manage PCOS, 

a therapeutic approach that addresses insulin resistance, 

including pharmaceutical and lifestyle changes, is 

essential. By reducing insulin secretion and stabilizing 

glucose tolerance, insulin sensitizers increase insulin 

sensitivity in target tissues [. It has been demonstrated 

that insulin sensitizers, such as metformin and 

thiazolidinediones (TZDs), can trigger ovulation by 

reducing insulin resistance. Metformin (a biguanide) use 

is linked to improved ovulation, decreased levels of 

circulating androgens, and enhanced menstrual cyclicity 

[25]. It acts by reducing hepatic glucose synthesis, 

increasing glucose absorption, and improving peripheral 

tissues’ sensitivity to insulin. In research comparing 

metformin and lifestyle interventions in PCOS-afflicted 

women both groups experienced a significant decrease 

in BMI; however, only the metformin group experienced 

a decrease in testosterone levels [25]. Another RCT 

evaluating the impact of metformin on body weight in 

obese and severely obese PCOS women found that the 

drug significantly reduced BMI without the need for 

lifestyle changes . Metformin has been shown in 

numerous trials to have a significant effect on 

dyslipidemia .It either directly affects the hepatic 

metabolism of free fatty acids or indirectly acts by 

lowering hyperinsulinemia to improve dyslipidemia. 

Additionally, TZDs (pioglitazone and rosiglitazone) 

lower insulin levels by increasing insulin sensitivity, 

which reduces levels of androgens in the blood. Women 

with PCOS have reported that pioglitazone had an 

impact on reducing insulin resistance, 

hyperandrogenism, and ovulatory dysfunction. It 

significantly decreased fasting serum insulin and free 

androgen levels while increasing SHBG levels in an 

RCT that compared the effectiveness of the drug vs. a 

placebo in PCOS patients[26]. In a meta-analysis 

comparing the effectiveness of metformin and 

pioglitazone in treating PCOS, the pioglitazone group 

showed a substantial improvement in ovulation and the 

menstrual cycle. According to the findings of a meta-

analysis of 22 trials for women with PCOS, metformin 

combined with TZD appear to be more effective than 

metformin alone in improving insulin resistance and 

lipid metabolism while lowering total testosterone 

levels. 

 

5.3. Ovulation Inducers 

Ovulatory dysfunction is one of the diagnostic criteria 

for PCOS patients, and ovulation induction is an 

effective treatment for PCOS patients with fertility 

requirements. Anovulation in PCOS is associated with 

low FSH levels and the arrest of antral follicle growth 

during its final stages of maturation. The overproduction 

of LH, androgens, and insulin may all work together or 

separately to influence this process directly or indirectly, 

enhancing steroidogenesis but preventing follicular 

growth. The first-line medication for ovulation induction 

is still clomiphene citrate (CC), a partially selective 

estrogen receptor modulator. As an estrogen receptor 

antagonist, CC inhibits negative feedback in the estrogen 

signaling pathway, leading to increased FSH availability. 

Increased FSH causes follicular growth, which is 

followed by an LH surge and ovulation. Low-dose 

gonadotropin therapy can also be used for the induction 

of ovulation and mono-follicular development [45]. It is 

thought that women with PCOS have a relative decrease 

in aromatase, which reduces the production of follicles 

responsible for effective ovulation. Aromatase inhibitors 

(AIs) are considered to induce ovulation because of their 

selective action of blocking the conversion of androgens 

into estrogens in ovarian follicles, peripheral tissues, and 

the brain, creating a positive feedback loop with the 

estrogen of the HPO axis, which causes the endogenous 

release of GnRH, promotes FSH secretion, and causes 

follicular growth. Selective Ais, such as letrozole and 

anastrozole, have been suggested as primary and 

secondary treatments for ovulation induction[27]. 

Letrozole has the advantage of avoiding peripheral 

antiestrogenic effects on the endometrium while 

stimulating mono-follicular growth 

 

5.4. Calcium and Vitamin D Supplements: 

Vitamin D plays a physiologic role in reproduction, 

including in ovarian follicular development and 

luteinization, via altering AMH signaling, FSH 

sensitivity, and progesterone production in human 

granulosa cells. Through a variety of functions, it also 

impacts glucose homeostasis. The presence of a specific 

vitamin D receptor (VDR) in pancreatic β-cells and 

skeletal muscle, the expression of the enzyme 1α-

hydroxylase, which can catalyze the conversion of 25-

hydroxyvitamin D [25(OH)D] into 1,25-

dihydroxyvitamin D, and the presence of a vitamin D 

response element in the human insulin gene promoter are 

some of the potential effects of vitamin D on glucose 

homeostasis Low 25(OH)D levels may aggravate PCOS 

symptoms, such as insulin resistance, ovulatory and 

menstrual irregularities, infertility, hyperandrogenism, 

and obesity, as well as increase the risk of cardiovascular 

disease. In vitamin-D-deficient individuals with PCOS, 

vitamin D administration can lower abnormally 

increased serum AMH levels while increasing serum 

anti-inflammatory soluble receptors for advanced 

glycation end products. In particular, vitamin D and 

calcium supplementation, in addition to metformin 

therapy, may improve menstrual regularity, ovulation, 

hyperandrogenism, and follicular development in PCOS 

patients [29]. Women with PCOS have high AMH 

levels, which lead to aberrant ovarian folliculogenesis. 

Vitamin D therapy restores serum AMH levels, which 

may lead to improved folliculogenesis. Results from a 

meta-analysis showed that combining metformin with a 
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calcium/vitamin D supplement improved menstrual 

regularity and follicular maturation, significantly 

reduced serum insulin levels, fasting blood sugar (FBS), 

and homeostasis model assessment insulin resistance 

(HOMA-IR), and significantly increased the quantitative 

insulin sensitivity check index (QUICKI). Additionally, 

it decreased hirsutism and testosterone levels, serum TG 

and VLDL-C levels, and cholesterol as well as LDL 

levels in PCOS patients.[37],[38] 

 

6. Emerging Therapeutics: 

6.1. Statins 

Women with PCOS frequently have dyslipidemia, which 

is a significant predictor of cardiovascular risk due to 

increased LDL-C, triglyceride (TG), and low HDL-C 

levels [101]. Therefore, the effective treatment of PCOS 

involves improving the lipid profile and subsequently 

reducing cardiovascular disease morbidity. Statins 

(atorvastatin, pravastatin, rosuvastatin, fluvastatin, and 

simvastatin) help treat PCOS because they lower sex 

steroid production, improve dyslipidemia, improve 

inflammation, and lower ovarian androgen production 

by preventing thecal cells from producing androgen . 

The rate-regulating enzyme 3-hydroxy-3-methylglutaryl 

coenzyme A (HMG-CoA) reductase, which is necessary 

for the process of cholesterol production, is inhibited by 

statins. By blocking this enzyme, cholesterol formation 

will also be prevented because HMG-CoA will not be 

converted into mevalonate .When the atorvastatin and 

placebo groups were both given metformin for another 

12 weeks, the atorvastatin pretreated group significantly 

outperformed the placebo pretreated group in terms of 

HOMA-IR, the free androgen index (FAI), total 

testosterone, and SHBG, indicating that atorvastatin 

enhances the effect of metformin . In this investigation, 

atorvastatin dramatically decreased acylation 

stimulating protein (ASP), IL-6, and monocyte 

chemoattractant protein-1 (MCP-1), which are markers 

of inflammation and adipose tissue dysfunction, 

followed by a significant improvement in HOMA-IR 

and testosterone levels . In randomized placebo-

controlled research, atorvastatin significantly decreased 

hyperandrogenism, inflammatory markers, and insulin 

resistance in PCOS-affected women compared to a 

placebo [32]. A measure of oxidative stress, serum 

malondialdehyde (MDA), was dramatically lowered in 

obese women with PCOS receiving atorvastatin 

treatment [108]. In addition, the group of PCOS-afflicted 

women had considerably lower levels of 

androstenedione and dehydroepiandrosterone sulfate 

(DHEAS) after taking atorvastatin Additionally, 

compared to a placebo, a 12-week course of atorvastatin 

significantly increased the levels of serum vitamin D 

(25OH-D) in PCOS women The results of a meta-

analysis of nine RCTs supported the use of statins as a 

viable treatment for PCOS by showing that they could 

lower androgen levels and improve the cutaneous 

symptoms of hyperandrogenism in PCOS patients 

Another meta-analysis revealed that the statin group 

experienced a significant drop in total testosterone, free 

testosterone, androstenedione, DHEAS, LH, the LH-to-

FSH ratio, and prolactin. In addition to demonstrating a 

significant drop in fasting glucose, the insulin sensitivity 

index, and high-sensitivity C-reactive protein, the study 

also showed a significant decline in total cholesterol, 

LDL-C, and TGs in the statin group [30],[37] 

 

6.2. Glucagon-Like Peptide-1 (GLP-1) Agonist: 

Incretin hormones, such as glucagon-like peptide-1 

(GLP-1) and glucose-dependent insulinotropic 

polypeptide (GIP), are well-known stimulators of 

glucose-dependent insulin release, particularly after a 

meal, a phenomenon known as the incretin effect [32]. 

In cases of insulin resistance, incretin action is 

frequently impaired. According to a recent study, lower 

levels of the incretin hormone have been found in PCOS 

patients. This being the case, targeting this mechanism 

might be a useful therapeutic strategy for PCOS 

treatment. Given that insulin resistance is the primary 

cause of metabolic and endocrine dysfunction in PCOS, 

GLP-1 agonist therapy has obvious therapeutic benefits 

in this population. Although the primary effect of GLP-

1 agonists is not to stimulate insulin secretion, their 

weight loss effect may indirectly improve insulin 

sensitivity. According to a study, these agents improve 

insulin sensitivity by acting on eight different molecular 

pathways, including those of inflammation, oxidative 

stress, lipid metabolism, GLUT-4 expression/translation, 

β-cell function, the endoplasmic reticulum (ER), and 

insulin signaling [32]. Commercially available GLP-1 

agonists include liraglutide, semaglutide, dulaglutide, 

and exenatide. A recent systematic review and meta-

analysis that compared the efficacy of GLP-1 agonists 

and metformin in women with PCOS have shown a 

significant improvement in insulin sensitivity, reduced 

BMI, and abdominal girth compared with metformin ./In 

addition, GLP-1 receptor agonist therapy has shown 

positive results in terms of weight reduction and a 

decrease in testosterone levels in obese women with 

PCOS .Another study that examined the effect of 

liraglutide on depression and quality of life (QOL) in 

obese PCOS patients found a significant improvement in 

QOL with dramatic weight loss. Dual GLP-1/GIP 

receptor agonists (twincretins) have shown better 

potency in inducing glycemic control and weight loss, 

reducing hepatic fat content, and improving adiposity, 

lipid profiles, and metabolic parameters than GLP-1 

agonists alone in different disease models. From the 

current data, it would seem that these are promising new 

therapies with potential utility for PCOS treatment. 

Therefore, these could potentially be novel therapeutic 

options in women with PCOS to improve metabolic risk 

if proven beneficial in clinical studies.[34],[35] 

 

6.3. Inositols: 

Inositol is a carbocyclic sugar found in high 

concentrations in human and plant cells. It exists in nine 

different isomeric forms, the most common of which are 

myoinositol (MI) and d-chiro-inositol (DCI). The 

inositols found in fruits and beans are incorporated into 

cell membranes as phosphatidyl-MI, a precursor of 

inositol triphosphate (InsP3). InsP3 acts as an 

intracellular second messenger and regulates a variety of 

hormones, including thyroid-stimulating hormone 

(TSH), FSH, and insulin. MI-based secondary 

messenger activation regulates glucose intake by 

https://pmc.ncbi.nlm.nih.gov/articles/PMC9964744/#B101-jcm-12-01454
https://pmc.ncbi.nlm.nih.gov/articles/PMC9964744/#B108-jcm-12-01454
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increasing the activity of glucose transport proteins, 

whereas DCI secondary messenger activation stimulates 

glycogen synthesis. Defects in this pathway can cause 

insulin resistance by impairing insulin signaling. The 

enzyme epimerase converts MI into DCI while 

maintaining a physiological ratio that varies from tissue 

to tissue. A 40:1 ratio is thought to be physiological for 

most tissues [32]. Insulin triggers the NAD–NADH-

dependent enzyme epimerase to function in accordance 

with tissue needs. When there is insulin resistance in the 

systemic milieu, this stimulus is lost. The main inositol 

isomers are distributed differently in the three insulin 

target organs—adipose tissue, liver, and skeletal 

muscle—and each requires a substantially higher 

proportion of DCI to maintain homeostasis. In the 

presence of epimerase deficiency, less MI can be 

converted into DCI, resulting in a state of relative DCI 

deficiency and the promotion of insulin resistance [32]. 

This, in turn, causes the metabolic complications of 

hyperinsulinemia, a feature of PCOS. 

In PCOS-afflicted women who are otherwise infertile, 

MI intake has been demonstrated to improve ovulation 

and responsiveness to fertility treatments. A recent 

systematic analysis that evaluated the effects of MI in 

PCOS-affected women concluded that MI supplements 

improved PCOS-related hormonal and reproductive 

issues. Additionally, it improved oocyte maturation as 

well as follicular development and raised the likelihood 

of clinical pregnancies in PCOS patients. With MI 

therapy, ovulation induction time and recombinant FSH 

dosage requirements were both dramatically reduced 

[32]. As a result, it positively modifies the reproductive 

axis. Treatment with MI markedly decreased LH, 

prolactin, androstenedione, insulin, and LH/FSH ratio 

concentrations, in addition to enhancing insulin 

sensitivity. Since MI supplements are often well-

tolerated at the current dose recommendations of 2–4 

g/day with few safety concerns, their clinical use in the 

management of PCOS is worth taking into account. It 

has been demonstrated that DCI plays a role in insulin 

metabolism. Both at baseline and after the 

administration of glucose loads, women with PCOS are 

reported to have decreased serum levels of DCI. In 

PCOS patients, DCI therapy has been shown to improve 

endocrine, metabolic, and reproductive parameters by 

lowering blood pressure, lipid, and insulin levels as well 

as improving the maturity and quality of oocytes 

significantly, while reducing oxidative stress in 

follicular fluid .All PCOS symptoms, signs, and test 

abnormalities may be improved with Myo- + D-chiro-

inositol (MDI) therapy. Together, the two inositols 

should be able to increase the necessary inositol 

concentrations in the ovary and systemic circulation, 

resolving the ovarian inositol paradox. The metabolic 

characteristics of PCOS will be treated by MI, which 

will correct systemic insulin resistance. A healthy 

intraovarian environment will be produced 

simultaneously by sufficient DCI levels, which will treat 

hyperandrogenism, enhance menstrual regularity, and 

promote ovulation as well as fertility. Exogenous DCI 

administration may be a method of circumventing 

defective epimerase activity and achieving the 

downstream metabolic effects of insulin in DCI-

deficient tissue. Due to the unidirectional nature of 

epimerase activity, administering DCI by itself will not 

be able to imitate the effects of MI. As a result, it makes 

sense to provide a combination of both to ensure optimal 

insulin sensitivity. At the same time, the beneficial effect 

of MI on ovarian physiology could be attributed to its 

low conversion into DCI. Lower doses of MI may be 

enough if coadministered with DCI, according to this 

hypothesis. Considering the physiologic and 

pharmacological evidence presented above, we propose 

the pragmatic use of inositol therapy in the prevention 

and management of PCOS. Through the use of MDI 

therapy, MI and DCI deficiency can be treated 

concurrently, which may help to reduce the 

menstrual/ovulatory, metabolic, and cutaneous 

hyperandrogenic symptoms of PCOS. The above being 

the case, MDI, both as a monotherapy and in 

combination, is a sensible treatment option for PCOS 

management. Ongoing research will contribute to 

increased confidence in the scientific application of 

these molecules.[33],[36] 

 

6.4. MicroRNA (miRNA) Therapy: 

Evidence is growing about the therapeutic potential of 

miRNAs in the management of numerous diseases, 

including PCOS [32] The post-transcriptional regulation 

of gene expression is carried out by miRNAs, which are 

small non-coding RNAs with a length of about 22 

nucleotides. They attach selectively to the 3’ 

untranslated region (UTR) of the target genes, inhibiting 

their translation and/or causing instability [33] 
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