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ABSTRACT:
KEYWORDS Poly Cystic Ovarian Syndrome (PCOS) is a complex and prevalent endocrine disorder
Pol Cvti affecting women of reproductive age. This comprehensive review explores the potential of

0 y. ystie phytoconstituents as therapeutics for PCOS. PCOS is characterized by hormonal

Ovarian - N . L

imbalances, metabolic disturbances, and reproductive abnormalities. Current treatment
Syndrome . . S . o .
(PCOS) options are associated with limitations and side effects, necessitating the exploration of

alternative therapeutic approaches. Phytoconstituents, derived from plants, offer a diverse
range of bioactive compounds with the potential to address multiple facets of PCOS
pathophysiology. This review synthesizes existing research on phytoconstituents such as
curcumin, resveratrol, and berberine, highlighting their efficacy in mitigating insulin
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Herbal Medicine,
Insulin Resistance,

:—|0t;mlonal resistance, modulating hormonal imbalances, and improving reproductive outcomes. The
m aance_s, review discusses preclinical and clinical studies, providing insights into the regulatory
Reproductive . - .

Health aspects of these phytoconstituents. The findings suggest that phytoconstituents present a

promising avenue for the development of novel therapeutic interventions for PCOS, offering
a potential solution with fewer adverse effects. However, further research is warranted to
elucidate the mechanisms of action and ensure the safety and efficacy of phytoconstituents
in the management of PCOS.

infertility, and an increased risk of metabolic disorders,
type 2 diabetes, cardiovascular diseases, and obesity are
all part of PCOS's clinical manifestations. Oral
contraceptives, antiandrogens, insulin sensitizers, and
ovulation-stimulating medications are the mainstays of
current therapy modalities. However, these medications
have accompanying side effects and only offer transient
symptom relief. [3]

Introduction

One of the most common endocrine illnesses is Poly
Cystic Ovarian Syndrome (PCOS), which affects women
in their reproductive age range (15-49 years old) and is
characterised by a diverse hereditary condition. [1]
PCOS has become increasingly common; data from the
Global Burden of Disease (GBD) in 2019 showed that
the number of cases increased by 30.4% between 1990

and 2019, totaling an astounding 66 million cases
globally. PCOS is defined by chronic oligo-anovulation
or anovulation, clinical or biochemical
hyperandrogenism, and polycystic ovarian morphology.
It is diagnosed using the Rotterdam criteria. [2]

Complex symptoms including ovarian enlargement,
hyperandrogenism, insulin resistance, hyperinsulinemia,
irregular menstruation, anovulation or oligoanovulation,
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A growing number of people are interested in studying
phytoconstituents obtained from medicinal herbs and
plants as a means of finding more sustainable and
effective treatment alternatives. These phytochemicals,
generally taken from traditional Chinese medicine
(TCM) and medicinal plants, have substantial potential
in relieving PCOS symptoms. Their potential to address
oxidative stress, obesity, anovulation, hyperinsulinemia,
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hyperandrogenism, insulin resistance, abnormalities in
ovarian morphology and function, and oligomenorrhea
associated with PCOS has been brought to light by recent
investigations. [4]

Despite the promising strides in this field, there exists a
need for a comprehensive review to systematically
document  the advancements in bioactive
phytoconstituents and their mechanisms of action in
treating PCOS. This review aims to fill this gap by
focusing on three major classes of phytochemicals—
flavonoids, polyphenols, and alkaloids—extracted from
TCM and plants. Through a thorough exploration of
existing literature, this review seeks to provide a
comprehensive  understanding of the potential
therapeutic effects of phytoconstituents in the
management of PCOS.

Phytoconstituents, derived from plant sources, represent
a diverse array of chemical compounds that contribute to
the therapeutic properties of medicinal plants. In the
context of Polycystic Ovary Syndrome (PCOS), these
phytoconstituents encompass a wide range of
compounds, including but not limited to flavonoids,
polyphenols, alkaloids, and other bioactive molecules.
The significance of phytoconstituents lies in their
potential to address various symptoms associated with
PCOS, offering a natural and holistic approach to
treatment.  Understanding  the  definition and
classification of these phytoconstituents becomes
paramount in unraveling their complex interactions with
PCOS pathology.

The realm of phytoconstituents with potential benefits in
PCOS is vast and varied. Flavonoids, such as quercetin,
soy isoflavones, and naringenin, showcase promising
therapeutic effects by modulating steroidogenic
enzymes, hormonal balance, and gut microbiota.
Polyphenols like resveratrol, curcumin, catechin, and
gallic acid have been explored for their multifaceted
impacts on PCOS, ranging from hormonal regulation to
anti-inflammatory and antioxidant properties. The
diversity of these phytoconstituents offers a rich pool of
natural compounds that may contribute to the
comprehensive management of PCOS symptoms.

Phytoconstituents exert their effects on PCOS through
intricate mechanisms that involve hormonal regulation,
anti-inflammatory actions, and modulation of metabolic
pathways. For instance, flavonoids like quercetin and soy
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isoflavones impact steroidogenic enzymes, while
polyphenols like resveratrol and curcumin interact with
signaling pathways such as Akt/PKB and NF-xB.
Understanding these mechanisms is crucial for
deciphering how phytoconstituents intervene in the
complex etiology of PCOS. From disrupting gene
expression to influencing cellular pathways, the
mechanisms of action of phytoconstituents provide a
foundation for their potential as therapeutic agents in
PCOS management.[5]

This overview sets the stage for a deeper exploration of
individual phytoconstituents and their  specific
contributions to PCOS treatment, emphasizing the
intricate interplay between these natural compounds and
the multifaceted nature of PCOS pathology.

THE PATHOGENESIS OF POLYCYSTIC OVARY
SYNDROME

A complex endocrine condition known as polycystic
ovary syndrome (PCOS) is marked by a number of
hormone imbalances and abnormalities related to
metabolism. Complex interplay between genetic,
environmental, and hormonal factors play a role in the
development of PCOS. Genetic predisposition is
important because people with a family history of PCOS
are more likely to develop the illness themselves.
Numerous potential genes that affect ovarian function,
androgen metabolism, insulin signalling, and other
features have been linked to PCOS through studies.
PCOS can also develop and worsen as a result of
environmental variables such nutrition, lifestyle, and
exposure to endocrine-disrupting substances. [6]

Insulin resistance, a condition in which the body's cells
lose their sensitivity to the regulating effects of insulin
and instead produce compensatory hyperinsulinemia, is
a defining characteristic of PCOS. Obesity is a cause of
PCOS as well as one of its effects, and it is closely
associated with insulin resistance. High insulin causes
the ovaries to overproduce androgens, which adds to the
hyperandrogenism that is typical of PCOS. Anovulation
and the development of ovarian cysts are caused by the
dysregulation of sex hormones, specifically an
imbalance between luteinizing hormone (LH) and
follicle-stimulating hormone (FSH). The clinical
manifestations of PCOS, such as irregular menstrual
cycles, infertility, and the emergence of secondary
problems like metabolic syndrome and cardiovascular
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diseases, are all influenced by these hormonal
imbalances collectively.

Endocrine organs are intricately involved

In the manifestation of PCOS, various endocrine organs
are intricately involved, encompassing the ovaries,
testes, pituitary gland, adrenal gland, and pancreas.

Ovary: Within the context of PCOS, the ovaries undergo
significant enlargement, increasing in size by 2—4 times
and exhibiting a distinctive string-of-pearls morphology
due to the presence of numerous fluid-filled sacs known
as follicles. These follicles, influenced by an excess of
androgens, fail to mature adequately, hindering the
release of eggs and resulting in anovulation.

Pituitary Gland: The pituitary gland secretes follicle-
stimulating hormone (FSH) and luteinizing hormone
(LH), which are essential hormones. Normally, FSH
controls the growth and release of eggs, whereas LH
controls the ovaries' production of female hormones
(progesterone and oestrogen). Nonetheless, PCOS is
characterised by an aberrant rise in LH secretion, which
increases the synthesis of androgens. Concurrently, there
is a decrease in FSH secretion, which affects the
development of oocytes as well as ovarian androgen
production. The hypothalamic-pituitary-ovarian (HPO)
axis is thrown off balance by this hormonal imbalance.

Adrenal Gland: By generating an overabundance of
hormones, the adrenal glands aggravate PCOS.
Pregnenolone and dehydroepiandrosterone (DHEA) are
produced at higher levels in the adrenal cortex in PCOS
patients, both during rest and in response to pituitary
hormones. This overindulgent manufacturing of adrenal
androgens is a characteristic feature of PCOS.

Pancreas: The pancreas is implicated in PCOS through
the overproduction of insulin, contributing to insulin
resistance.  This insulin  resistance leads to
hyperinsulinemia, prompting the ovaries to produce
excessive androgens, culminating in hyperandrogenism
and hypertrophy. The heightened insulin requirement to
maintain normal glucose and lipid levels underscores the
pancreas's role in regulating blood glucose and lipid
levels. [7]
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Figure 1: Therapeutic pathways of bioactive
phytochemicals in PCOS.

The therapeutic pathways of bioactive phytochemicals in
PCOS are depicted in Figure 1. Women who are of
reproductive age are affected by PCOS, a hormonal
condition. Numerous symptoms, including as irregular
periods, excessive hair growth, acne, and weight gain,
might be brought on by it. Bioactive phytochemicals
have the potential to alleviate PCOS symptoms via
various mechanisms. Several of the main routes consist
of:

Increasing sensitivity to insulin: Insulin resistance, or the
body's cells' inability to use insulin as needed, is
frequently linked to PCOS. Numerous health issues,
including type 2 diabetes, may result from this. Because
bioactive phytochemicals activate AMPK, a protein
involved in metabolism regulation, they can enhance
insulin sensitivity.

Reducing inflammation: Inflammation is another key
factor in PCOS. Bioactive phytochemicals can help to
reduce inflammation by inhibiting the NF-kB pathway, a
signaling pathway that promotes inflammation.

Improving antioxidant defenses: PCOS is also
associated with oxidative stress, which is damage to cells
caused by free radicals. Bioactive phytochemicals can
help to improve antioxidant defenses by increasing levels
of glutathione (GSH), an important antioxidant.

Regulating hormones: PCOS is caused by an imbalance
of hormones, including androgen excess and insulin
resistance. Bioactive phytochemicals can help to regulate
hormones by binding to hormone receptors and
preventing them from being activated.


http://www.jchr.org/

Journal of Chemical Health Risks

www.jchr.org

JCHR (2024) 14(3), 1039-1047 | ISSN:2251-6727

Bioactive phytochemicals can interact with a number of treatment for PCOS. However, more research is needed

different genes and proteins. This suggests that they may to confirm these findings and to determine the best way

have a variety of different effects on the body. to use bioactive phytochemicals for the treatment of
PCOS.

Overall, bioactive phytochemicals studies included in
table 1 have the potential to be a safe and effective

Table 1: Bioactive phytochemicals studies highlighting the safe and effective treatment for PCOS

;;’I Summary Reference

1 The chapter explores the potential of herbs as medicinal food against obesity, offering promising alternatives to 8]
conventional antiobesity drugs.

2 This chapter reviews the role of complementary and alternative medicine in treating polycystic ovary syndrome [9]
(PCOS), emphasizing the need for compliant and efficacious alternative treatments.

3 The review provides a comprehensive exploration of the therapeutic potential of diosmetin, a flavonoid found [10]
in citrus plants, highlighting its various beneficial activities.

4 The review provides insights into the sustainability and conservation challenges of the endangered Himalayan
medicinal herb Angelica glauca, emphasizing the need for comprehensive research on its biology, ecology, and [11]
genetic diversity for effective conservation strategies.

5 The study explores the development and potential of naringenin nanoparticles in treating letrozole-induced
polycystic ovarian syndrome in female Wistar rats, demonstrating protective effects on sex hormones, gut [12]
microbiota, and oxidative stress levels.

6 The review explores the application of nanotechnology to enhance the biological activity of herbal antioxidants [13]
for managing various diseases, emphasizing the lack of reported side effects in herbal medicine.

7 The review provides detailed insights into the etiology, risk factors, treatment strategies, challenges, medicinal [14]
agents in clinical trials, and emerging therapeutic targets for Polycystic Ovary Syndrome (PCOS).

8 The study evaluates the clinical uses, pharmacological effects, and safety of the traditional herbal medication [15]
Chai-Ling-Tang/Siryung-tang/Sairei-To, highlighting its diverse therapeutic uses.

9 The review provides an update on the ethnomedicinal uses, pharmacological activities, phytochemistry, and [16]
molecular mechanisms of Punica granatum L. (pomegranate) plant extracts.

10 | The article discusses the ethnomedicinal uses, phytochemistry, pharmacology, toxicology, clinical efficacy, [17]
mechanism of action, and nanoparticle synthesis of Trigonella foenum-graecum (fenugreek).

11 | The article reviews herbal medicines effective in treating metabolic syndrome, obesity, and related disorders, [18]
emphasizing their potential as safe alternatives with evidence-based pharmacological approaches.

12 | The chapter presents 44 natural products with fertility-regulating activities, highlighting their in vitro and in
vivo studies, and briefly discusses natural products undergoing clinical trials for developing new herbal fertility [19]
regulators.

13 | Comprehensive insights into PCOS covering etiology, treatment strategies, and emerging therapeutic targets. [20]

14 | Discusses advanced drug delivery systems to enhance the bioavailability of berberine for various therapeutic [21]
applications.

15 | Critical analysis of drug delivery systems enhancing the efficacy of anticancer phytoconstituents. [22]

13 | Overview of dietary interventions using bioactive foods for managing diabetes. [23]

17 | Review on phytoconstituents like curcumin, resveratrol, and berberine for managing PCOS symptoms. [24]

18 | Explores the impact of food/medicinal herbs on female reproduction and health. [25]

19 | Review of the beneficial effects of fruit phytoconstituents on NAFLD, focusing on mechanisms of action. [26]

20 | Analysis of the potential role of polyphenols in treating PCOS and associated complications. [27]
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and phytochemicals.

Examines the link between acne vulgaris, metabolic syndrome, and the potential role of dietary supplements

(28]

Flavonoids: Emerging Stars in Polycystic Ovary Syndrome (PCOS) Management

The complex web of symptoms in PCOS is increasingly
finding relief in the diverse world of flavonoids. These
plant-based compounds, each with its unique
pharmacological toolbox, are emerging as promising
players in PCOS management.

Take quercetin, for instance. It shines in regulating
hormones, both by dampening steroid-producing
enzymes and influencing how genes like CYP17al
express themselves. Its multifaceted impact extends to
other key pathways, like PI3K, further solidifying its
potential in PCOS models. Not to be outdone, soy
isoflavones join the fight by targeting inflammation and
subtly shifting testosterone levels. Naringenin, another
flavonoid warrior, tackles steroid enzymes head-on
while simultaneously nurturing gut microbiota for
improved metabolic health.

The spotlight widens to include baicalin, disrupting gene
expression in a way that benefits PCOS. And the list goes
on: apigenin balancing hormones, luteolin fine-tuning
cell signaling, and rutin boosting insulin sensitivity —
each flavonoid showcasing its unique talents in the
PCOS arena. But their magic extends beyond hormones.
Flavonoids wield antioxidant and anti-inflammatory
swords, adding extra layers of protection against the
multifaceted challenges of PCOS. This diverse arsenal
makes them wvaluable allies in the quest for
comprehensive PCOS management strategies. The
provided table offers a detailed peek into the ongoing
research, illuminating the specific actions, models, and
doses used to unlock the therapeutic potential of these
promising phytoconstituents. As research delves deeper,
one thing is clear: flavonoids are painting a brighter
picture for the future of PCOS management. [29]

Therapeutic Potential of Polyphenols in Polycystic
Ovary Syndrome (PCOS): A Multifaceted Approach

Polyphenols, plant-derived bioactive compounds, are
emerging as promising therapeutic agents for managing
the complex symptoms of PCOS. Their diverse actions
extend beyond mere hormonal regulation, encompassing
anti-inflammatory,  antioxidant, and  metabolic
modulations. This review highlights the specific effects
of key polyphenols in preclinical and clinical studies,
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emphasizing their mechanisms of action and potential
clinical applications.

Resveratrol: Extensive research indicates Resveratrol's
potential in PCOS. Clinical studies reveal its ability to
downregulate pro-angiogenic gene expression (VEGF
and HIF1) in PCOS women and decrease VEGF levels
in granulosa cells. Furthermore, Resveratrol exhibits
hormonal regulatory effects, lowering testosterone and
DHEA levels in vivo and inhibiting the Akt/PKB
signaling pathway in both ovarian interstitial cells and
NCI-H295R cells.

Curcumin: This polyphenol demonstrates therapeutic
efficacy in PCOS by targeting various pathways. In
ovarian granulosa cells, Curcumin inhibits the IREla-
XBP1 pathway, downregulates follicular development-
related genes, and modulates the PI3K/Akt/mTOR
pathway. Additionally, it reduces apoptotic factors and
exhibits sustained release characteristics in various in
vivo and in vitro PCOS models.

Catechin: Studies employing insulin and hCG-induced
PCOS mice models demonstrate Catechin's inhibitory
effects on STAT3 signaling, MMP2, and MMP9
expression in the uterus. It also upregulates IRS-1 and
PI3K signals while downregulating NF-kB, suggesting
potential benefits for uterine dysfunction in PCOS.

Other Polyphenols: Cinnamon, gallic acid, and
mangiferin have also garnered attention for their
therapeutic potential in PCOS. These polyphenols
exhibit a range of beneficial effects, including enhanced
insulin sensitivity, reduced inflammatory cytokine
levels, and blocked NF-«xB signaling in various PCOS
models.

The diverse actions of various polyphenols offer a
multifaceted approach to managing PCOS. Their ability
to target numerous pathways, including hormonal
regulation, inflammation, oxidative stress, and
metabolism, highlights their potential as valuable
adjuncts to conventional PCOS treatment strategies.
Further research is warranted to optimize dosing,
delivery systems, and combination therapies for
maximizing the clinical benefits of these promising
candidates. [30]
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## Alkaloids: Unveiling a Promising Avenue for
Polycystic Ovary Syndrome (PCOS) Management

Despite their established therapeutic potential in various
diseases, alkaloids remain largely unexplored in the
context of Polycystic Ovary Syndrome (PCQOS). This
intriguing gap in research presents a unique opportunity
to investigate their efficacy in addressing the complex
array of symptoms associated with PCOS. Women with
PCOS often face challenges like insulin resistance (IR),
elevated androgen levels, chronic inflammation,
infertility, and recurrent miscarriage. Current clinical
approaches predominantly rely on metformin and insulin
sensitizers to manage these symptoms. Intriguingly,
berberine (BBR), an isoquinoline alkaloid derived from
Traditional Chinese Medicines (TCMs) like Berberis
vulgaris L. and Coptis chinensis Franch, has emerged as
a promising candidate for insulin sensitization in PCOS.

Clinical studies have revealed BBR's effectiveness in
reducing fasting glucose, fasting insulin, and HOMA-IR,
while simultaneously elevating sex hormone-binding
globulin  (SHBG) levels. Notably, compared to
metformin, BBR treatment in women undergoing in vitro
fertilization resulted in a higher live birth rate and fewer
side effects. BBR's insulin-sensitizing effects are
attributed to its multi-pronged approach towards
pathway modulation. It influences IRS-1 and the mTOR
signaling pathway, thereby enhancing insulin sensitivity.
Furthermore, BBR upregulates GLUT4 and modulates
both the PI3K/Akt and MAPKSs pathways, promoting
glucose uptake and mitigating IR. Additionally, BBR's
role in inhibiting apoptosis and regulating the expression
of key factors involved in IR and inflammation suggests
a multifaceted mechanism of action contributing to
overall clinical improvement. BBR's potential extends
beyond insulin sensitization, exhibiting promising
effects in addressing infertility and miscarriage
associated with PCOS. Studies demonstrate its ability to
promote granulosa cell proliferation and inhibit
apoptosis via the PI3K/Akt pathway, potentially
enhancing pregnancy rates. Moreover, BBR intervention
downregulates LPAR3 and integrin avp3 levels,
improving endometrial receptivity and reducing
miscarriage risk in PCOS rat models. Interestingly, BBR
has also been implicated in alleviating ovarian glucose
metabolism disorders in PCOS. By activating the AMPK
pathway and promoting SIRT-3 ubiquitination, BBR
facilitates ovarian cell glucose uptake and maintains
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glucose homeostasis, contributing to metabolic balance
within the ovarian microenvironment. [31]

Challenges and Limitations
Variability in Phytoconstituent Composition:

One significant challenge in exploring the therapeutic
potential of phytoconstituents for Polycystic Ovary
Syndrome (PCOS) lies in the inherent variability of
phytoconstituent composition across different plant
sources. The diverse array of medicinal herbs and plants
used in traditional remedies may contain varying
concentrations of bioactive compounds. This variability
poses a challenge in ensuring consistent and reproducible
effects, hindering the establishment of standardized
treatment regimens. The identification and quantification
of specific phytoconstituents become crucial for
understanding their therapeutic efficacy, necessitating
comprehensive studies to unravel the complex chemical
profiles of these natural compounds.

Lack of Standardization in Herbal Preparations:

The lack of standardized herbal preparations represents
another significant limitation in harnessing the
therapeutic potential of phytoconstituents for PCOS.
Herbal remedies often involve intricate combinations of
multiple phytoconstituents, making it challenging to
establish uniform formulations with consistent efficacy.
The absence of standardized protocols for the extraction,
processing, and dosage of phytoconstituents complicates
the translation of research findings into clinically
applicable treatments. Standardization efforts are
essential to ensure the reproducibility of results and
facilitate the integration of phytoconstituent-based
therapies into mainstream medical practices.

Variability in Study Designs and Methodologies:

The diverse range of study designs and methodologies
employed in research on phytoconstituents for PCOS
introduces variability and makes it challenging to draw
definitive conclusions. Heterogeneity in experimental
models, sample sizes, and outcome measures across
different studies can lead to conflicting or inconclusive
findings. Standardization of research methodologies,
including the use of well-defined animal models,
consistent diagnostic criteria for PCOS, and harmonized
outcome assessments, is crucial for enhancing the
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reliability and comparability of research outcomes.
Addressing these methodological variations will
contribute to a more cohesive understanding of the
therapeutic effects of phytoconstituents in the context of
PCOS.

Gaps in Current Research and Future Directions:

Despite the progress made in clinical trials investigating
phytoconstituents for PCOS, several gaps and challenges
persist in the current research landscape. Variability in
study designs, patient populations, and outcome
measures poses challenges to data interpretation and
synthesis. Further research standardization is essential to
facilitate meaningful comparisons and draw robust
conclusions. Additionally, the long-term safety and
efficacy of phytoconstituent interventions require more
extensive investigation. Future research directions
should prioritize large-scale, well-controlled clinical
trials with extended follow-up periods to assess both
short-term and sustained effects. ldentifying optimal
dosage regimens, elucidating mechanisms of action, and
exploring potential synergies between phytoconstituents
and conventional treatments represent promising
avenues for future investigation. Addressing these gaps
will contribute to a more comprehensive understanding
of the role of phytoconstituents in PCOS management.

Conclusion

The comprehensive review of bioactive phytochemicals
extracted from traditional Chinese medicine (TCM) and
medicinal plants provides valuable insights into their
potential as therapeutics for Polycystic Ovary Syndrome
(PCOS). The exploration of flavonoids, polyphenols, and
alkaloids has revealed diverse mechanisms of action,
influencing various facets of PCOS, including oxidative
stress, insulin resistance, hyperandrogenism, and ovarian
morphology. Clinical studies have demonstrated
promising effects on hormonal balance and reproductive
outcomes, shedding light on the multifaceted nature of
PCOS and the potential benefits of phytoconstituent
interventions.

The findings presented in this review bear significant
implications for the management of PCOS.
Phytoconstituents, owing to  their  diverse
pharmacological activities, offer a novel approach to
address the complex and interconnected symptoms of
PCOS. From mitigating insulin resistance to regulating
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hormonal imbalances, these natural compounds present
an alternative or complementary avenue for PCOS
management. The potential of phytoconstituents to
alleviate symptoms and improve reproductive outcomes
introduces new possibilities for individualized and
holistic treatment strategies in PCOS management.

While the current body of research provides promising
insights, the field of phytoconstituents in PCOS
management requires further exploration. Future
research endeavors should focus on standardizing study
designs, outcome measures, and patient populations to
facilitate robust comparisons across studies. Long-term
safety assessments and large-scale clinical trials are
imperative to establish the efficacy and safety profile of
phytoconstituent interventions. Mechanistic studies
elucidating the precise pathways through which these
compounds exert their effects will enhance our
understanding and guide targeted interventions.
Additionally, investigating potential synergies between
phytoconstituents and conventional treatments can pave
the way for integrated and personalized therapeutic
approaches. Collaborative efforts between researchers,
clinicians, and herbal medicine practitioners are crucial
for advancing the field and translating research findings
into effective and evidence-based interventions for
PCOS management.
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