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Abstract: Polycystic Ovary Syndrome (PCOS) is a prevalent endocrine disorder that has garnered attention in recent years for its 
intricate relationship with gut microbiota, which plays a significant role in the metabolic abnormalities associated with this condition. 
This review focuses on the characteristics of gut microbiota in polycystic ovary syndrome (PCOS). By analyzing current literature, we 
will focus on the alterations in gut microbiota composition, influential factors, and the pathophysiological mechanisms linking gut 
microbiota and PCOS, diagnostic approaches, therapeutic strategies, as well as controversies and future directions in this field are 
discussed. Understanding these relationships may provide insights into the disease mechanism and highlight novel treatment strategies 
for managing PCOS. 
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Introduction
Polycystic Ovary Syndrome (PCOS) is a multifaceted endocrine and metabolic disorder that affects a significant 
proportion of women of reproductive age. It is characterized by a range of symptoms, including hyperandrogenism, 
ovulatory dysfunction, and polycystic ovarian morphology. Recent research has increasingly focused on the role of gut 
microbiota in the pathogenesis and progression of PCOS, highlighting its potential influence on metabolic and repro-
ductive health. The gut microbiota, often referred to as the “second genome”, plays a critical role in various physiological 
processes, including metabolism, immune response, and hormonal regulation. Dysbiosis, or an imbalance in gut 
microbiota, has been implicated in the development of insulin resistance, inflammation, and hormonal dysregulation, 
which are key features of PCOS.1

Studies have shown that women with PCOS often exhibit significant alterations in gut microbiota composition 
compared to healthy controls. For instance, specific bacterial genera such as Bacteroides and Prevotella have been found 
to be less abundant in PCOS patients, while other genera, such as Firmicutes and Proteobacteria, may be 
overrepresented.2 These changes in microbial diversity and composition can influence the host’s metabolic functions, 
including glucose and lipid metabolism, thereby contributing to the insulin resistance and obesity commonly observed in 
PCOS.3 Moreover, the gut microbiota can affect the synthesis and secretion of key hormones, including insulin and 
androgens, further linking gut health to the clinical manifestations of PCOS.4 Even among women without polycystic 
ovary syndrome (PCOS), the gut microbiota can substantially affect their quality of life. Research indicates that 
metabolites derived from the gut microbiota, such as short-chain fatty acids (SCFAs) and indole-3-propionic acid 
(IPA), are linked to dietary intake and can influence both metabolic and reproductive health.5 A cross-sectional study 
involving 24 women with PCOS and 14 age-matched healthy controls revealed that the PCOS group exhibited a less 
favorable dietary intake. Furthermore, a significant correlation was observed between gut microbiota composition and 
dietary glycemic load.5
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The interplay between gut microbiota and metabolic health in PCOS suggests that therapeutic strategies aimed at 
restoring gut microbiota balance may offer novel interventions for managing the condition. Probiotics, prebiotics, and 
dietary modifications have shown promise in improving gut microbiota composition and, consequently, metabolic 
parameters in PCOS patients. For example, the administration of specific probiotic strains has been associated with 
improved insulin sensitivity and hormonal balance in animal models of PCOS.6 Additionally, dietary interventions that 
increase the intake of fiber and polyphenols have been linked to beneficial changes in gut microbiota, which may help 
alleviate symptoms of PCOS.3

Furthermore, fecal microbiota transplantation (FMT) has emerged as a potential therapeutic approach for PCOS, 
demonstrating the capacity to restore microbial diversity and improve metabolic outcomes.7 Numerous pre-clinical 
investigations have employed animal models to explore the effects of fecal microbiota transplantation (FMT). For 
instance, a study involving germ-free mice that were administered fecal microbiota from either polycystic ovary 
syndrome (PCOS) patients or healthy individuals revealed that mice receiving microbiota from PCOS patients exhibited 
distinct bacterial profiles and reproductive endocrine characteristics. These included increased ovarian dysfunction, lipid 
metabolic disturbances, insulin resistance, and an obesity-like phenotype.8 This suggests that the gut microbiota from 
PCOS patients can induce metabolic and reproductive disorders in recipient mice. Conversely, some studies propose that 
FMT from healthy donors may ameliorate gut dysbiosis and improve associated symptoms. Nonetheless, further research 
is essential to comprehensively understand the long-term effects, optimal donor selection, and potential risks of FMT, 
particularly in the context of PCOS-related research, including comparisons with non-PCOS women.The modulation of 
gut microbiota through lifestyle interventions, such as exercise and stress management, also plays a crucial role in the 
management of PCOS.9 Despite the promising findings, further research is essential to elucidate the specific mechanisms 
by which gut microbiota influences PCOS and to develop targeted therapies that can effectively address the underlying 
dysbiosis and its associated metabolic disturbances.

In conclusion, the intricate relationship between gut microbiota and PCOS underscores the need for a comprehensive 
understanding of how microbial health impacts the pathophysiology of this disorder. By targeting gut microbiota through 
dietary and therapeutic interventions, there is potential for significant improvements in the management of PCOS, 
ultimately enhancing the quality of life for affected women. Continued exploration in this area will likely yield new 
insights and treatment avenues that could transform the clinical approach to PCOS and its associated complications.10

Basic Concepts and Clinical Manifestations of Polycystic Ovary Syndrome 
(PCOS)
Definition and Epidemiology of PCOS
Polycystic ovary syndrome (PCOS) is recognized as the most prevalent endocrine disorder among women of reproduc-
tive age, affecting approximately 5–17% of this demographic globally.11 The condition is characterized by a combination 
of clinical manifestations, including hyperandrogenism, ovulatory dysfunction, and polycystic ovarian morphology. 
Epidemiological studies indicate that PCOS is not only a reproductive concern but also a significant contributor to 
metabolic disorders, including insulin resistance and type 2 diabetes, which can lead to long-term health complications 
such as cardiovascular disease.12 The heterogeneity of PCOS presentations complicates diagnosis and management, as 
the syndrome can manifest differently across various populations and age groups, necessitating a personalized approach 
to treatment.11

Clinical Manifestations and Diagnostic Criteria
The clinical manifestations of PCOS are diverse and can include irregular menstrual cycles, hirsutism, acne, and obesity, 
alongside metabolic abnormalities such as insulin resistance.12 The diagnosis of PCOS typically follows the Rotterdam 
criteria, which require the presence of at least two of the following three features: oligo- or anovulation, clinical or 
biochemical signs of hyperandrogenism, and polycystic ovaries observed via ultrasound.13 However, the diagnostic 
process can be complicated by overlapping symptoms with other conditions, and the criteria may not adequately address 
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the metabolic components of the syndrome.12 Therefore, a comprehensive evaluation that includes hormonal assessments 
and metabolic profiling is crucial for accurate diagnosis and management.11

Metabolic Abnormalities and Their Clinical Significance
Metabolic abnormalities are a hallmark of PCOS, with many affected individuals exhibiting insulin resistance, dyslipi-
demia, and obesity.12 These metabolic disturbances not only exacerbate the reproductive symptoms of PCOS but also 
increase the risk of developing serious long-term health issues, such as type 2 diabetes and cardiovascular disease.11 

Hyperandrogenism is a key characteristic of polycystic ovary syndrome (PCOS) and is intricately associated with 
metabolic complications, exhibiting variability across different phenotypes. In a study involving 229 women diagnosed 
with PCOS, an increase in the free androgen index was observed to correlate with elevated levels of triglycerides, total 
cholesterol, low-density lipoprotein, and the homeostasis model assessment of insulin resistance, while levels of high- 
density lipoprotein and the quantitative insulin sensitivity check index were found to decrease.14 Women exhibiting 
hyperandrogenic PCOS phenotypes frequently demonstrate a higher prevalence of metabolic abnormalities. A meta- 
analysis examining the relationships between biochemical markers of hyperandrogenism and metabolic parameters in 
PCOS patients revealed that free testosterone levels were positively correlated with fasting insulin and inversely 
correlated with high-density lipoprotein cholesterol.15 Furthermore, hyperandrogenism may interact with additional 
factors, such as obesity. Women with polycystic ovary syndrome (PCOS) who are obese and exhibit hyperandrogenism 
are more likely to present with atherogenic lipid profiles compared to their non-obese or non-hyperandrogenic PCOS 
counterparts.16 Comprehending these associations is essential for the development of targeted therapeutic strategies 
tailored to the distinct phenotypes of PCOS, thereby addressing both the reproductive and metabolic dimensions of the 
syndrome.

In summary, understanding the basic concepts, clinical manifestations, and metabolic implications of PCOS is 
essential for effective diagnosis and management of this complex syndrome. The integration of reproductive and 
metabolic health strategies is crucial in addressing the multifaceted challenges posed by PCOS.

Gut Microbiota Composition and Function
Basic Structure and Diversity of Gut Microbiota
The gut microbiota is a complex and dynamic ecosystem composed of trillions of microorganisms, including bacteria, 
archaea, viruses, and fungi, that inhabit the gastrointestinal tract. This microbial community plays a crucial role in 
maintaining host health, influencing various physiological processes such as metabolism, immune response, and even 
behavior. The diversity of gut microbiota is essential for its functionality; a diverse microbiome is associated with better 
health outcomes, while dysbiosis—a condition characterized by reduced microbial diversity—has been linked to 
numerous diseases, including obesity, diabetes, and inflammatory bowel disease.17 Factors such as diet, age, environ-
ment, and host genetics significantly influence the composition and diversity of gut microbiota. For instance, a diet rich in 
fiber promotes the growth of beneficial bacteria, while a high-fat diet can lead to an increase in pathogenic bacteria.18 

Recent studies have shown that the gut microbiota can adapt to changes in the host’s diet and lifestyle, highlighting its 
plasticity and the importance of maintaining a healthy diet for optimal gut health.19

Role of Gut Microbiota in Host Metabolism
Gut microbiota plays a pivotal role in host metabolism by breaking down complex carbohydrates that the human body 
cannot digest on its own, producing short-chain fatty acids (SCFAs) as byproducts. These SCFAs, such as acetate, 
propionate, and butyrate, are critical for maintaining gut health and regulating metabolic processes, including lipid 
metabolism and glucose homeostasis.20 Furthermore, gut microbiota influences the host’s energy balance by modulating 
the absorption of nutrients and the secretion of hormones involved in appetite regulation, such as leptin and ghrelin.21 

Dysbiosis can lead to metabolic disorders, as seen in conditions like obesity and type 2 diabetes, where an imbalance in 
gut microbiota composition contributes to insulin resistance and inflammation.22 Thus, understanding the intricate 
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relationship between gut microbiota and host metabolism is essential for developing strategies to prevent and treat 
metabolic diseases.

Relationship Between Gut Microbiota and Endocrine Function
The relationship between gut microbiota and endocrine function is a burgeoning area of research, revealing that gut 
microbes can influence the endocrine system and vice versa. Gut microbiota produces various metabolites that can act as 
signaling molecules, affecting the secretion of hormones and the function of endocrine organs. For instance, SCFAs 
produced by gut bacteria have been shown to enhance the secretion of glucagon-like peptide-1 (GLP-1), an important 
hormone in regulating insulin secretion and appetite.20 Dysbiosis can disrupt this signaling pathway, leading to metabolic 
dysfunction and endocrine disorders. Moreover, studies have indicated that certain gut bacteria can modulate the 
metabolism of hormones such as estrogens and thyroid hormones, impacting overall endocrine health.21 The bidirectional 
communication between gut microbiota and the endocrine system underscores the importance of maintaining a balanced 
microbiome for optimal hormonal health and metabolic function.

In summary, the gut microbiota is a complex ecosystem in the gastrointestinal tract, influencing host health. It affects 
metabolism by producing SCFAs, regulating nutrient absorption and appetite, and dysbiosis can lead to metabolic 
disorders. Additionally, it has a bidirectional relationship with the endocrine system, with its metabolites influencing 
hormone secretion. Maintaining a balanced gut microbiota is crucial for hormonal and metabolic health.

Research Progress on the Gut Microbiota Characteristics of PCOS Patients
Changes in Gut Microbiota Composition
Recent studies have shown that patients with polycystic ovary syndrome (PCOS) exhibit significant alterations in their 
gut microbiota composition compared to healthy individuals. For instance, a study utilizing 16S rRNA gene sequencing 
revealed that women with hyperandrogenic PCOS had lower richness and diversity in their gut microbiota compared to 
controls, indicating a distinct microbial profile associated with this condition.10 Furthermore, specific bacterial genera 
such as Bifidobacterium and Enterobacteriaceae_unclassified were found to be more prevalent in PCOS patients, while 
others like Prevotella showed reduced abundance.2

The gut microbiota may exert an influence on polycystic ovary syndrome (PCOS) through various mechanisms. It can 
modulate metabolic activities, as short-chain fatty acids (SCFAs) produced by the intestinal microbiota are involved in 
the regulation of insulin resistance, a common characteristic of PCOS.23 Furthermore, the gut-brain axis, which 
encompasses the bidirectional communication between the gut microbiota and the central nervous system, may be 
altered in individuals with PCOS. Certain gamma-aminobutyric acid (GABA)-producing bacteria in the gut have been 
found to have a positive correlation with serum luteinizing hormone (LH) levels and LH to follicle-stimulating hormone 
(FSH) ratios in PCOS patients, indicating a potential association between gut microbiota-mediated neuroendocrine 
changes and PCOS.24

The presence of these microbial variations suggests a potential link between gut dysbiosis and the metabolic and 
hormonal imbalances characteristic of PCOS, highlighting the need for further exploration of how these microbial 
changes may contribute to the pathophysiology of the syndrome.4

Major Changes in Bacterial Species and Their Functions
The gut microbiota of PCOS patients is characterized by notable shifts in specific bacterial species, which may impact 
various metabolic functions. For example, studies have identified an increase in the relative abundance of bacteria 
associated with inflammation and metabolic dysfunction, such as Escherichia-Shigella, while beneficial bacteria like 
Lactobacillus and Bifidobacterium were found to be diminished.2 These alterations can lead to disrupted metabolic 
pathways, particularly those related to glucose and lipid metabolism, thereby exacerbating insulin resistance commonly 
observed in PCOS patients.25 Additionally, the functional predictions derived from the gut microbiota analyses indicated 
that pathways related to short-chain fatty acid production, which are crucial for maintaining gut health and metabolic 
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homeostasis, were significantly altered in PCOS patients, suggesting a potential therapeutic target for managing the 
syndrome.26

The modification of pathways associated with short-chain fatty acids may play a role in the metabolic and hormonal 
dysregulation observed in polycystic ovary syndrome (PCOS). Specifically, a reduction in bacteria that produce short- 
chain fatty acids could result in decreased levels of propionate and butyrate, which are crucial for maintaining insulin 
sensitivity and lipid metabolism.27 Targeting these pathways presents a potential therapeutic avenue. For example, 
interventions aimed at increasing the prevalence of short-chain fatty acid-producing bacteria, such as the administration 
of prebiotics or probiotics, might aid in reestablishing metabolic and hormonal equilibrium in individuals with PCOS. 
Furthermore, elucidating the precise mechanisms by which these pathways are altered in PCOS could facilitate the 
development of more targeted pharmacological treatments.

Factors Influencing Changes in Gut Microbiota
Several factors have been identified that influence the composition and diversity of gut microbiota in PCOS patients. 
Diet is a primary modifiable factor, with studies indicating that dietary patterns can significantly alter gut microbial 
profiles.28 For instance, high-fat diets have been shown to promote the growth of pathogenic bacteria while suppres-
sing beneficial strains, thereby contributing to dysbiosis.10 Additionally, hormonal fluctuations, particularly those 
related to insulin and androgens, can also impact gut microbiota dynamics, as evidenced by the correlation between 
serum hormone levels and specific gut microbial taxa.10 Other environmental factors, such as antibiotic use and 
lifestyle choices, further complicate the relationship between gut microbiota and PCOS, emphasizing the need for 
a multifaceted approach to understanding and potentially modulating gut health in this population.25 Overall, these 
findings underscore the complex interplay between diet, hormonal status, and gut microbiota composition in the 
context of PCOS, suggesting that targeted dietary and lifestyle interventions may help restore microbial balance and 
improve clinical outcomes for affected individuals.

To elucidate the distinctions in intestinal microbiota between individuals with polycystic ovary syndrome (PCOS) and 
healthy controls, alongside associated metabolic function alterations and influencing factors, the data are systematically 
summarized in the subsequent table The table reveals significant disparities in the gut microbiota of PCOS patients 
compared to healthy individuals, which are intricately linked to the metabolic abnormalities characteristic of the 
condition (Table 1).

In conclusion, individuals with polycystic ovary syndrome (PCOS) exhibit distinct gut microbiota compositions in 
comparison to healthy controls, characterized by alterations in bacterial richness, diversity, and the prevalence of 
specific genera. These microbial changes may influence the pathophysiology of PCOS through metabolic and 
neuroendocrine pathways, potentially contributing to the metabolic and hormonal imbalances associated with the 
condition.

Gut Microbiota and Metabolic Abnormalities in PCOS
Relationship Between Hyperinsulinemia and Gut Microbiota
Hyperinsulinemia, characterized by elevated insulin levels in the blood, is a hallmark of insulin resistance often seen in 
PCOS patients. Recent studies suggest that gut microbiota composition may influence insulin sensitivity and secretion. 
Dysbiosis has been associated with increased intestinal permeability, leading to elevated levels of lipopolysaccharides 
(LPS) in circulation, which can provoke systemic inflammation and contribute to insulin resistance.29 Furthermore, 
specific gut bacteria have been shown to modulate the secretion of incretin hormones, which play a crucial role in insulin 
regulation. For instance, certain strains of beneficial bacteria can enhance the secretion of glucagon-like peptide-1 (GLP- 
1), thereby improving insulin sensitivity and reducing hyperinsulinemia.30 Conversely, an overabundance of pathogenic 
bacteria can exacerbate insulin resistance, creating a vicious cycle that perpetuates metabolic dysfunction in PCOS 
patients.31 Understanding the relationship between gut microbiota and hyperinsulinemia may provide new therapeutic 
targets for managing insulin resistance in PCOS.
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Interplay Between Obesity and Gut Microbiota
Obesity is another critical metabolic abnormality frequently observed in women with PCOS. The gut microbiota has 
a profound impact on energy metabolism, fat storage, and appetite regulation. Studies have demonstrated that individuals 
with obesity often exhibit a distinct gut microbiota composition, characterized by a lower diversity and an increased ratio 
of Firmicutes to Bacteroidetes.32 This dysbiosis can lead to increased energy extraction from the diet, thereby promoting 
weight gain and obesity. In PCOS, the interplay between obesity and gut microbiota is particularly concerning, as excess 
adipose tissue can further alter microbiota composition, leading to a cycle of inflammation and metabolic dysfunction.33 

Moreover, the inflammatory cytokines released from adipose tissue can negatively affect gut health, exacerbating 
dysbiosis and contributing to the overall metabolic disturbance in PCOS.34 Targeting gut microbiota through dietary 
interventions or probiotics may offer a promising strategy for managing obesity in PCOS patients.

Mechanisms of Inflammatory Response Modulated by Gut Microbiota
Chronic low-grade inflammation is a common feature of PCOS, contributing to its metabolic complications. The gut 
microbiota plays a crucial role in modulating inflammatory responses through various mechanisms. Dysbiosis can lead to 
an imbalance in pro-inflammatory and anti-inflammatory cytokines, promoting a state of chronic inflammation.35 For 
example, certain gut bacteria can produce short-chain fatty acids (SCFAs), which have anti-inflammatory properties and 
can help maintain gut barrier integrity. However, an imbalance in gut microbiota can result in reduced SCFA production, 
leading to increased intestinal permeability and systemic inflammation.36 Additionally, inflammatory mediators released 
from the gut can influence the hypothalamic-pituitary-adrenal (HPA) axis, further exacerbating stress-induced 
inflammation.37 Understanding the intricate relationship between gut microbiota and inflammatory responses in PCOS 
may pave the way for novel therapeutic approaches aimed at restoring gut health and alleviating inflammation.

The gut microbiota significantly influences the metabolic abnormalities associated with PCOS, including hyperinsu-
linemia, obesity, and chronic inflammation. Targeting gut microbiota through dietary modifications, probiotics, or other 
interventions may provide new avenues for managing these metabolic disturbances in women with PCOS. Further 

Table 1 Comparative Analysis of Intestinal Flora Characteristics and Metabolic Associations in Patients with Polycystic Ovary 
Syndrome and Healthy Controls

Comparison Items Healthy Individuals Patients with Polycystic Ovary Syndrome (PCOS)

Richness and Diversity 

of Gut Microbiota

Higher Lower in some patients (eg, those with hyperandrogenic 

PCOS)

Abundance of Specific 
Bacterial Genera

The abundance of genera such as Bacteroides and 
Prevotella is relatively stable

The abundance of Bacteroides and Prevotella decreases; the 
abundance of Bifidobacterium, Enterobacteriaceae_unclassified, 

etc., increases; the relative abundance of bacteria associated 

with inflammation and metabolic dysfunction, such as 
Escherichia-Shigella, increases; the abundance of beneficial 

bacteria such as Lactobacillus and Bifidobacterium decreases

Short-chain Fatty Acid 
(SCFA)-related 

Metabolic Pathways

Normal, playing a positive role in maintaining gut health 
and metabolic homeostasis

Significantly altered, with a decrease in related bacteria, 
potentially reducing the production of propionate and 

butyrate, affecting insulin sensitivity and lipid metabolism

Association with 
Metabolic Diseases

Normal metabolism, with a lower risk of developing 
metabolic diseases

Increased risk of metabolic diseases such as insulin 
resistance, obesity, and type 2 diabetes; gut microbiota 

dysbiosis may be an important contributing factor
Impact of Diet A high-fiber diet promotes the growth of beneficial 

bacteria; a high-fat diet may change the microbiota, but 

to a relatively lesser extent

The impact of diet is more significant; a high-fat diet easily 

leads to microbiota dysbiosis, promotes the growth of 

harmful bacteria, and aggravates metabolic disorders
Impact of Hormones Hormonal fluctuations have a relatively small impact on 

the gut microbiota

Fluctuations in hormones such as insulin and androgens 

significantly affect the dynamics of the gut microbiota and are 

correlated with specific gut microbial taxa
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research is essential to elucidate the specific mechanisms by which gut microbiota affect metabolic health in this 
population and to develop effective therapeutic strategies.

In conclusion, hyperinsulinemia in polycystic ovary syndrome (PCOS) is influenced by the gut microbiota. Dysbiosis 
can contribute to insulin resistance by increasing intestinal permeability and lipopolysaccharide (LPS) levels, whereas 
certain beneficial bacteria may enhance insulin sensitivity. Obesity, which is prevalent in PCOS, exhibits a bidirectional 
relationship with the gut microbiota. In the context of obesity, gut microbiota dysbiosis promotes weight gain, and in 
PCOS, excess adipose tissue further disrupts the microbiota, perpetuating a cycle of inflammation and metabolic 
dysfunction. Chronic low-grade inflammation in PCOS is modulated by the gut microbiota, where dysbiosis disrupts 
the balance of pro-inflammatory and anti-inflammatory cytokines, reduces the production of short-chain fatty acids 
(SCFAs), and influences the hypothalamic-pituitary-adrenal (HPA) axis.

Future Research Directions and Clinical Applications
The Potential of Gut Microbiota as a Therapeutic Target
The gut microbiota has emerged as a critical player in various health conditions, particularly in metabolic and endocrine 
disorders such as polycystic ovary syndrome (PCOS). Dysbiosis, or the imbalance of gut microbiota, is increasingly 
recognized as a contributing factor to the pathophysiology of PCOS, influencing metabolic processes and hormonal 
regulation.38 Recent studies have demonstrated that interventions aimed at restoring gut microbiota balance, such as 
probiotics, prebiotics, and fecal microbiota transplantation (FMT), can ameliorate symptoms associated with PCOS.39 

For instance, the administration of specific probiotics has shown promise in enhancing insulin sensitivity and reducing 
hyperandrogenism, which are hallmark features of PCOS.40 Furthermore, the modulation of gut microbiota through 
dietary interventions, such as increased fiber intake or the consumption of fermented foods, has been linked to improved 
metabolic health and hormonal balance in affected individuals.41 These findings underscore the potential of gut 
microbiota as a therapeutic target, paving the way for innovative treatment strategies that could be tailored to individual 
patient profiles, thereby enhancing the efficacy of interventions for PCOS and related disorders.42

The Prospects of Microbiome Interventions
Microbiome interventions, including the use of probiotics, prebiotics, and dietary modifications, represent a promising 
frontier in the management of various health conditions, particularly metabolic and endocrine disorders. The gut 
microbiome’s role in modulating immune responses, metabolic pathways, and even psychological states has been 
increasingly recognized.43 For example, specific strains of probiotics have been shown to influence the gut-brain axis, 
potentially alleviating symptoms of anxiety and depression, which are often comorbid with metabolic disorders like 
PCOS.44 Additionally, dietary approaches that enhance the diversity and functionality of the gut microbiota, such as the 
Mediterranean diet rich in fiber and fermented foods, have shown beneficial effects on metabolic health and hormonal 
balance.45 These interventions not only aim to restore gut health but also to improve overall well-being by addressing the 
multifactorial nature of diseases. The integration of microbiome profiling into clinical practice could further refine these 
interventions, allowing for personalized treatment strategies that consider individual microbiome compositions and their 
responses to dietary changes.46

Individualized Treatment Strategies Based on Microbiome Characteristics
The concept of personalized medicine is gaining traction in the context of gut microbiome research, particularly in 
developing individualized treatment strategies for metabolic and endocrine disorders. By leveraging advancements in 
microbiome sequencing technologies, clinicians can obtain detailed insights into a patient’s unique microbial composi-
tion, which can inform tailored therapeutic approaches.47 For instance, specific microbial profiles have been associated 
with varying responses to dietary interventions and pharmacological treatments, suggesting that understanding an 
individual’s microbiome could enhance treatment outcomes.46 In the case of PCOS, for example, identifying particular 
gut bacteria linked to insulin resistance or hormonal imbalances can guide the selection of probiotics or dietary 
modifications that specifically target these issues.48 Furthermore, the integration of microbiome data with clinical factors 
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such as genetics, lifestyle, and environmental influences can lead to more comprehensive and effective treatment plans. 
This personalized approach not only holds promise for improving patient outcomes but also for advancing our under-
standing of the intricate relationship between the gut microbiome and various health conditions.49 As research continues 
to evolve, the potential for microbiome-targeted therapies to revolutionize treatment paradigms in metabolic and 
endocrine disorders remains substantial.

Elucidating the causal relationship between gut microbiota and polycystic ovary syndrome (PCOS) remains 
a formidable challenge in contemporary research. The intricate nature of the interaction between gut microbiota and 
the host, modulated by a multitude of factors such as diet, lifestyle, and genetics, complicates the disentanglement of 
cause-and-effect relationships. For instance, it remains uncertain whether dysbiosis of the gut microbiota is a primary 
etiological factor in PCOS or a secondary consequence of the syndrome’s hormonal and metabolic alterations. To 
advance our understanding of the causal mechanisms underlying the gut microbiota-PCOS relationship, longitudinal 
studies and rigorously designed experimental models are imperative.

In conclusion, the intricate relationship between the gut microbiota and polycystic ovary syndrome (PCOS) highlights 
a pivotal area of research that has significant implications for both diagnosis and treatment. The distinctive characteristics 
of gut microbiota in individuals with PCOS play a crucial role in the development of metabolic abnormalities associated 
with the condition. As we advance our understanding of this connection, it opens up new avenues for early diagnosis and 
personalized therapeutic strategies tailored to individual patient profiles.

From an expert perspective, it is essential to balance the diverse research findings that underline the complexity of 
PCOS and its multifactorial nature. Various studies have demonstrated that alterations in gut microbiota composition can 
influence insulin resistance, inflammation, and hormonal dysregulation, all of which are central to the pathophysiology of 
PCOS. However, the heterogeneity of the condition itself means that not all patients will exhibit the same microbiota 
alterations or metabolic outcomes. Therefore, future research should aim to delineate the specific microbial signatures 
that are most indicative of PCOS and its associated metabolic disturbances.

Moreover, understanding the mechanisms through which the gut microbiota affects PCOS is of paramount impor-
tance. This includes investigating the potential role of short-chain fatty acids, bile acids, and other metabolic products 
generated by gut bacteria. These metabolites may influence systemic inflammation and metabolic health, thereby 
providing targets for intervention.

In light of these considerations, interdisciplinary collaboration between microbiologists, endocrinologists, and 
dietitians will be critical in advancing our knowledge. Such collaboration can facilitate the design of targeted interven-
tions, such as dietary modifications or probiotics, that may help restore a healthy gut microbiota and ameliorate the 
symptoms of PCOS.

Ultimately, a comprehensive understanding of the gut microbiota’s influence on PCOS can lead to innovative 
approaches for prevention and management. By integrating microbiome research into clinical practice, we can enhance 
our ability to provide individualized care, thereby improving the quality of life for those affected by this complex 
syndrome. Future studies should focus on longitudinal assessments of gut microbiota changes, their functional implica-
tions, and the potential for therapeutic modulation, ensuring that we remain at the forefront of PCOS research and 
treatment strategies.
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