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ABSTRACT 

Background: Polycystic Ovary Syndrome (PCOS) is one of 

the most common endocrine disorders among women of 

reproductive age, characterized by hyperandrogenism, chronic 

anovulation, and polycystic ovarian morphology. Its 

pathogenesis is multifactorial, involving genetic susceptibility, 

metabolic dysfunction (such as insulin resistance), and 

environmental triggers.
[1]

 Among these, xenoestrogens—

synthetic or industrial compounds capable of mimicking 

estrogen—are increasingly implicated in hormonal 

dysregulation.
[2,3]

 Objective: To explore the dual role of 

xenoestrogens and phytoestrogens in the etiology and 

management of PCOS, and to highlight their relevance in 

developing integrative therapeutic strategies. Methods: A 

narrative review of published literature was conducted using 

databases such as PubMed, Scopus, and Google Scholar. 

Studies addressing the impact of xenoestrogens on PCOS 

pathogenesis and the therapeutic potential of phytoestrogens—

including cinnamon, flaxseed, soy isoflavones, and other 

botanicals—were critically analysed.
[9] 

Results: Evidence  
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suggests that xenoestrogens contribute to endocrine disruption, insulin resistance, and ovarian 

dysfunction, thereby exacerbating PCOS risk. Conversely, phytoestrogens demonstrate 

promising effects on improving menstrual cyclicity, reducing hyperandrogenism, and 

enhancing insulin sensitivity. Integrative approaches combining lifestyle modification, 

phytoestrogen-rich diets, and hormonal regulation show synergistic benefits. 

Conclusion: Xenoestrogens may act as significant environmental contributors to PCOS, 

while phytoestrogens offer a safe, natural, and effective adjunct for management. A 

comprehensive, integrative strategy that includes dietary interventions, endocrine evaluation, 

and toxin avoidance is recommended for optimal PCOS prevention and treatment. 

 

KEYWORDS: Polycystic Ovary Syndrome, Xenoestrogens, Phytoestrogens, Endocrine 

Disruptors, Ayurveda, Integrative Medicine, Environmental Exposure. 

 

INTRODUCTION 

Polycystic Ovary Syndrome (PCOS) is a heterogeneous disorder characterized by irregular 

menstrual cycles, hyperandrogenism, and multiple ovarian follicles. Its pathophysiology 

involves a complex interaction of genetic, metabolic, and environmental factors. 

Traditionally, research has focused on insulin resistance and androgen excess; however, 

increasing evidence implicates environmental endocrine-disrupting chemicals (EDCs), 

particularly xenoestrogens, as contributors to disease onset and severity.
[6]

 

 

In parallel, growing interest surrounds phytoestrogens, plant-derived compounds that can 

modulate estrogen receptor activity and may restore hormonal balance.
[7]

 Together, 

understanding both the harmful and beneficial environmental factors offers a more holistic 

view of PCOS pathogenesis and management. 

 

Xenoestrogens and PCOS: Etiological Link 

Sources and Exposure 

Xenoestrogens are exogenous compounds that mimic estrogenic activity. Common sources 

include: 

 Industrial Chemicals (BPA, phthalates, PCBs) – found in plastics, solvents.
[3]

 

 Agricultural Pesticides (DDT, atrazine) – residues on crops.
[3]

 

 Personal Care and Cosmetic Products: Parabens, phthalates, and synthetic fragrances 

commonly present in lotions, shampoos, deodorants, and makeup have been shown to 
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exhibit estrogenic activity. These substances can be absorbed trans dermally and 

subsequently enter systemic circulation.
[5]

 

 Food Packaging – BPA leaching from heated plastics.
[8]

 

 

Mechanisms of Endocrine Disruption 

 Estrogen Receptor Binding → Mimics endogenous estrogen, disrupts HPO axis 

feedback. 

 Altered Gonadotropin Secretion → Elevated LH:FSH ratio → excess androgen 

production. 

 Insulin Resistance Induction → Higher HOMA-IR scores in BPA-exposed women. 

 Epigenetic Effects → Early-life exposure may predispose to PCOS phenotypes. 

 

Clinical Evidence 

Meta-analyses and epidemiological studies show higher BPA and phthalate metabolite levels 

in PCOS patients (Sun et al., 2021). Animal models confirm ovarian cyst formation and 

disrupted cyclicity after BPA exposure.  

 

Strength of Evidence: Moderate (observational + mechanistic studies; limited RCTs). 

 

PHYTOESTROGENS IN PCOS MANAGEMENT 

Sources and Mechanisms 

Phytoestrogens are naturally occurring plant-derived compounds with structural similarity to 

estrogen, allowing them to bind to estrogen receptors and exert mild estrogenic or anti-

estrogenic effects. They are abundant in foods such as soy products, flaxseed, whole grains, 

legumes, and spices like cinnamon. Over the past decade, phytoestrogens have been 

increasingly investigated for their potential role in regulating hormonal imbalances and 

alleviating metabolic disturbances in women with PCOS. 

 Cinnamon -Cinnamon has long been utilized in traditional systems of medicine, 

including Ayurveda, for its ability to promote menstrual regularity and enhance metabolic 

health. Contemporary clinical studies provide scientific validation for these traditional 

uses. Supplementation with cinnamon extract has been reported to improve insulin 

sensitivity, reduce fasting blood glucose levels, and promote regular ovulatory cycles in 

women with PCOS. Additionally, cinnamon intake has been associated with reduced 

serum testosterone concentrations and improved ovarian morphology, suggesting its 

potential as a supportive therapy for hyperandrogenism and ovulatory dysfunction.
[10]
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 Flax seed -Flaxseed is a rich source of lignans—plant-based phytoestrogens—as well as 

omega-3 fatty acids, dietary fiber, and antioxidants. Clinical trials have shown that 

regular flaxseed consumption can improve insulin sensitivity, modulate lipid metabolism, 

and restore hormonal balance in women with PCOS. Moreover, flaxseed has been found 

to reduce oxidative stress and systemic inflammation, both of which are implicated in the 

pathophysiology of PCOS. Its multifaceted metabolic benefits make it a promising 

adjunct to dietary and lifestyle interventions for PCOS management.
[1,5]

 

 Soy Isoflavones -Soy isoflavones, particularly genistein and daidzein, are among the 

most potent and well-researched phytoestrogens. Multiple randomized controlled trials 

have demonstrated that soy isoflavone supplementation leads to a significant reduction in 

serum androgen levels, thereby improving clinical manifestations of hyperandrogenism 

such as hirsutism and acne. In addition, soy isoflavones enhance insulin sensitivity, lower 

fasting insulin levels, and attenuate oxidative stress markers, contributing to improved 

metabolic outcomes in PCOS patients.
[7]

 

 Other Botanical Sources-Beyond soy, flaxseed, and cinnamon, several other botanicals 

have been investigated for their potential role in PCOS management. Fenugreek seed 

extract, for example, has shown promising results in enhancing ovulatory function and 

improving insulin resistance. Similarly, biochanin A, an iso flavonoid found in red clover 

and chickpeas, has demonstrated hormonal-modulating properties and may contribute to 

better metabolic and reproductive outcomes. These findings highlight the potential of 

plant-based therapies as complementary strategies in the holistic management of PCOS.
[6]

 

 

Evidence Summary 

Phytoestrogen Evidence Type Key Benefits in PCOS 

Cinnamon RCTs 
↓ fasting glucose, ↑ ovulation frequency, ↓ 

testosterone (Jamilian et al., 2021) 

Flaxseed 
Clinical + 

Observational 

↓ hirsutism scores, improved lipid profile (Pan 

et al., 2022) 

Soy Isoflavones 
Multiple RCTs & 

Meta-analyses 

↓ serum androgens, ↑ insulin sensitivity, 

improved ovulation (Azadbakht et al., 2020) 

Fenugreek Pilot Studies 
Improved ovulation, reduced cyst size (Singh et 

al., 2021) 

Licorice Root 
Traditional + Small 

Clinical Trials 

↓ androgen levels, supports menstrual regularity 

(Anitha et al., 2020) 

 

Strength of Evidence: Moderate-to-High (for soy, cinnamon), Low-to-Moderate (for 

fenugreek, licorice – more trials needed). 
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Ayurvedic Perspective 

PCOS can be correlated with Artava Dushti and Kapha-Vata imbalance, characterized 

by Srotorodha (obstruction of channels) and Agnimandya (metabolic sluggishness). 

 Xenoestrogens can be seen as Agantuja Hetu (external causative factors) aggravating 

Kapha and leading to Granthi (cyst) formation. 

 Phytoestrogen-rich herbs like Shatapushpa (dill), Methi (fenugreek), and Yashtimadhu 

(licorice) act as Agnivardhaka (improving metabolism) and Artavjanan (restoring 

ovulation). 

This systematic mapping bridges modern endocrine disruption with Ayurvedic pathology. 

 

Integrative Management Strategy 

 Reduce Xenoestrogen Exposure: BPA-free containers, paraben-free cosmetics, organic 

produce. 

 Incorporate Phytoestrogens: Dietary inclusion of soy, flaxseed, cinnamon under 

professional guidance. 

 Lifestyle Measures: Weight management, regular exercise, yoga/meditation, good sleep 

hygiene. 

 Pharmacological & Ayurvedic Therapies: Combine evidence-based drugs with 

Rasayana chikitsa for synergistic benefit. 

 

Future Directions 

 Regulatory Measures: Stricter bans on BPA, phthalates, parabens in consumer products. 

 Public Health Awareness: Educate women on environmental hormone disruptors. 

 Research Gaps 

o Long-term safety and dose standardization of phytoestrogens. 

o Multi-centric RCTs integrating diet, lifestyle, and pharmacotherapy. 

o Epigenetic studies exploring transgenerational effects of xenoestrogens. 

 

DISCUSSION 

Polycystic Ovary Syndrome (PCOS) represents a complex interplay between genetics, 

metabolism, and environmental triggers, making it one of the most challenging endocrine 

disorders to manage. Its multifactorial nature requires clinicians to go beyond symptom 

suppression and address underlying pathophysiology. From a modern endocrinology 

perspective, two pillars dominate its pathogenesis—hyperandrogenism and insulin resistance. 

Elevated androgens impair follicular maturation and perpetuate chronic anovulation, while 
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compensatory hyperinsulinemia further stimulates theca cells to produce more androgens, 

creating a self-reinforcing cycle. Clinically, this results in a spectrum of reproductive and 

metabolic disturbances including oligomenorrhea, infertility, hirsutism, acne, obesity, and 

dyslipidemia. 

 

Beyond intrinsic hormonal and metabolic disturbances, environmental exposures have 

emerged as key modifiers of PCOS expression. A growing body of literature highlights the 

contribution of endocrine-disrupting chemicals—especially xenoestrogens—in altering 

hormonal homeostasis. Compounds like bisphenol A (BPA), phthalates, and parabens mimic 

natural estrogens, interfering with hypothalamic-pituitary-ovarian axis signaling and ovarian 

steroidogenesis. Chronic exposure has been linked with elevated androgen levels, worsened 

insulin resistance, and disrupted folliculogenesis. Observational studies consistently report 

higher xenoestrogen burden in PCOS patients compared to controls, suggesting not only a 

correlation but a possible causal role. Given their ubiquitous presence in plastics, pesticides, 

and cosmetics, lifestyle counseling for exposure minimization becomes a vital preventive 

step. 

 

In contrast to these harmful disruptors, phytoestrogens act as potential modulators that may 

help restore hormonal balance. These plant-derived compounds—such as isoflavones in soy, 

lignans in flaxseed, and flavonoids in cinnamon and fenugreek—bind weakly to estrogen 

receptors and exert bidirectional effects depending on endogenous hormone levels. They have 

been shown to lower circulating androgens, improve insulin sensitivity, and enhance 

ovulatory cycles. Clinical trials and meta-analyses provide encouraging evidence for their 

role in improving menstrual regularity, reducing hirsutism, and supporting metabolic health. 

Including phytoestrogen-rich foods in a PCOS-friendly diet could therefore complement 

pharmacological treatment and improve patient outcomes. 

 

An integrative framework combining modern evidence with Ayurvedic principles offers an 

even more holistic strategy. Ayurveda conceptualizes PCOS-like presentations under Artava 

Dushti and emphasizes correction of Agnimandya (metabolic sluggishness) 

and Kapha aggravation that lead to Srotorodha (obstruction) and cyst formation. 

Interventions such as Shatapushpa, Methi, and Yashtimadhu—all phytoestrogen-rich—are 

classically described for restoring cyclicity and hormonal balance. When used alongside 

evidence-based modern therapies, such an approach aligns with the philosophy 



Katoch et al.                                                                        World Journal of Pharmaceutical Research 

www.wjpr.net      │     Vol 14, Issue 21, 2025.      │     ISO 9001: 2015 Certified Journal      │ 

 

 

 

 

 596 

of personalized medicine, targeting each patient’s unique presentation, diet, and 

environmental exposures. 

 

Finally, lifestyle modification remains the cornerstone of management—regular physical 

activity, mindful nutrition, stress reduction, and avoidance of xenoestrogen exposure have 

been shown to significantly improve both reproductive and metabolic outcomes. These 

foundational measures potentiate the effect of pharmacological agents and natural adjuncts 

such as phytoestrogens. 

 

In summary, PCOS should be understood as a systemic condition shaped not just by genetics 

and metabolism but also by modifiable environmental factors. Limiting xenoestrogen 

exposure and incorporating phytoestrogen-rich foods represent practical, low-cost strategies 

that can be integrated into conventional care. A patient-centered, multidimensional plan—

uniting endocrinology, nutrition, lifestyle modification, and Ayurvedic insights—holds 

promise for breaking the vicious cycle of hormonal imbalance and improving quality of life 

for women with PCOS. 

 

CONCLUSION 

PCOS is a systemic disorder influenced by genetic, metabolic, and environmental 

factors. Xenoestrogens act as modifiable risk factors that exacerbate hormonal and metabolic 

dysfunctions, while phytoestrogens provide a natural, evidence-backed adjunct to therapy. A 

comprehensive approach—minimizing xenoestrogen exposure, incorporating phytoestrogen-

rich foods, and integrating modern medicine with Ayurvedic principles—offers the most 

promising path to improving reproductive and metabolic health in PCOS. 
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