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Abstract  Review Article 
 

Polycystic Ovary Syndrome (PCOS) is a common endocrine disorder that impacts many women of reproductive age, 

marked by symptoms like irregular menstrual cycles, infertility, hirsutism, and metabolic issues such as insulin resistance 

[1-3]. Recent studies have shed light on the impact of gut microbiota—the intricate community of microorganisms living 

in the gastrointestinal tract—on the pathophysiology of PCOS. Dysbiosis, which refers to an imbalance in gut bacteria, 

has been connected to the worsening of PCOS symptoms and related metabolic disorders. This connection raises 

significant questions about the potential effectiveness of microbiota-targeted interventions in managing the syndrome. 

[4][5]. Research indicates that women with PCOS show a decrease in gut microbiota diversity and changes in bacterial 

composition when compared to healthy individuals. This alteration may play a role in heightened insulin resistance and 

chronic inflammation, which are two primary characteristics of the condition.[6][7]. As the ways in which gut microbiota 

connect with metabolic pathways, hormone regulation, and immune responses become more evident, a framework for 

comprehending the importance of gut health in PCOS management is being established. Certain gut bacteria are 

specifically linked to the metabolism of branched-chain amino acids, which can affect insulin sensitivity and androgen 

levels, thereby adding complexity to the clinical presentation of PCOS [8][9]. Potential controversies in this area of 

research include doubts about the reliability of findings due to limited diversity in study populations, as most studies 

have primarily focused on individuals of European descent, which may not reflect the global PCOS population [10]. 

Additionally, although probiotics and dietary interventions appear promising for enhancing gut health and reducing 

PCOS symptoms, their effectiveness and mechanisms need further exploration to develop standardized treatment 

methods[11][12]. Grasping the complex connection between gut microbiota and PCOS improves our understanding of 

the syndrome’s pathophysiology and paves the way for new approaches to treatment that may enhance quality of life for 

those with this multifaceted condition [13]. 
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Understanding Polycystic Ovary Syndrome: 

Polycystic Ovary Syndrome (PCOS) is a 

complex endocrine disorder that raises considerable 

public health concerns because of its long-term effects 

on women’s health [1,2]. It is marked by a variety of 

symptoms, most notably infertility, hirsutism (excess 

hair growth), hair loss, irregular menstrual cycles, and 

acne [3,4]. Women with PCOS exhibit a notably higher 

prevalence of diabetes, with occurrences being observed 

7 to 10 times more frequently than in those without the 

syndrome.[5]. 

 

Symptoms and Health Risks 

PCOS symptoms can differ greatly and have the 

potential to impact numerous bodily systems. A 

significant number of individuals with PCOS seek 

medical help for infertility, which is one of the most 

prevalent problems associated with the condition.[1], 

Aside from reproductive challenges, numerous patients 

face cosmetic concerns tied to hair growth and loss, as 

well as skin issues like acne [2]. In addition to these 

immediate symptoms, PCOS is linked to an increased 

risk of developing further health complications as time 

goes on. For example, metabolic syndrome—which 

encompasses issues like obesity, hypertension, and 

dyslipidemia—is common among individuals with 

PCOS [1]. Skin-related symptoms are also manifested by 

the disease, and these may necessitate comprehensive 

management [4]. 

 

Genetic and Environmental Factors 

Grasping the genetic foundations of PCOS is 

intricate. Genome-Wide Association Studies (GWAS) 

offer valuable information about the genetic risks linked 
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to the syndrome, but they might not cover all genetic 

traits involved in complex phenotypes such as PCOS[6]. 

Environmental factors are also vital to the disease's onset 

and development, impacting genetic expressions and 

overall health outcomes [7][8]. The current research has 

significant limitations, especially regarding the diversity 

of study populations. The majority of GWAS data for 

PCOS comes from individuals of European ancestry, 

which can lead to bias and may not accurately represent 

other ethnic groups [6][7]. Additionally, the presence of 

inconsistencies in the populations examined across 

different meta-analyses can influence the dependability 

of results, highlighting the necessity for additional 

studies involving a variety of demographics [7][8]. 

 

Gut Microbiota 

Within the human gastrointestinal tract lies the 

gut microbiota, a vast and complex ecosystem that has 

developed through coevolution with its host. The human 

gut is estimated to harbor around 100 trillion bacteria, 

comprising more than 400 species that make up roughly 

78% of the total human microbiota [9][10]. The gut 

microbiota is often called the "second brain" because of 

the significant interactions between these 

microorganisms and the human body. [10]. 

 

Composition and Diversity 

Under physiological conditions, the colon 

contains the most diverse gut microbiota, with 

concentrations between 10^10 and 10^11 colony-

forming units per milliliter (CFU/ml) [11](13). The 

major bacterial groups consist of Bacteroides, 

Firmicutes, Clostridia, and Ruminococcaceae[4].  After 

birth, the gut microbiota composition stabilizes and 

mainly comprises Firmicutes, Actinobacteria, 

Bacteroidetes, and Proteobacteria, showing minimal 

fluctuations over time[6]. 

 

Metabolic Functions 

The gut microbiota carries out a number of 

essential metabolic processes, such as the synthesis of 

vitamins, short-chain fatty acids (SCFAs), and amino 

acids. It is essential for the bioconversion of bile acids, 

the fermentation and hydrolysis of non-digestible foods, 

and the detoxification of ammonia[12][13]. 

Additionally, the gut microbiota plays a role in the 

metabolism of butyrate and propionate, which mediate 

energy metabolism through the regulation of 

gluconeogenesis and cholesterol metabolism [6][13]. 

 

Immunological Roles 

The gut microbiota has a major effect on the 

immune system, in addition to its metabolic functions. 

Research has demonstrated that gut bacteria could play a 

role in the development of T cells and Th-17 cells, vital 

elements of the immune response. Additionally, the gut 

microbiota contributes to maintaining epithelial integrity 

by regulating tight junction expression, which is essential 

for gut barrier function[14]. 

 

Association with Polycystic Ovary Syndrome 

(PCOS) 

Recent research suggests a possible connection 

between the composition of gut microbiota and 

conditions like Polycystic Ovary Syndrome (PCOS). For 

example, alterations in the gut microbiota can result in 

heightened intestinal permeability—commonly known 

as a “leaky gut”—which may incite inflammation and an 

overactive immune response [13]. These alterations 

might disrupt the function of insulin receptors, which 

could result in increased serum insulin levels—a typical 

feature of PCOS. In patients with PCOS, the expression 

of pro-inflammatory cytokines like tumor necrosis 

factor-alpha (TNF-α) and interleukin-6 (IL-6) is 

elevated, which correlates with insulin 

resistance.[6][13]. Consequently, a closer examination 

of the gut microbiota's involvement in PCOS could 

uncover valuable information for possible treatment 

approaches. 

 

Interaction between Gut Microbiota and PCOS 

There is a growing acknowledgment that 

Polycystic Ovary Syndrome (PCOS) is a multifaceted 

endocrine disorder affected by changes in gut 

microbiota. Dysbiosis, characterized by imbalances in 

the gut microbiome, has been associated with various 

metabolic disorders, including PCOS. Research shows 

that individuals with PCOS have lower α diversity in 

their gut microbiota compared to healthy controls, which 

could play a role in the condition's 

pathophysiology[4][15]. 

 

Insulin Resistance and Gut Microbiota 

Insulin resistance (IR) is a typical characteristic 

of PCOS, marked by the body's ineffectiveness in 

utilizing insulin properly, which results in elevated blood 

glucose levels. According to recent studies, gut 

microbiota are crucial to the development of IR. Insulin-

resistant individuals have been found to have increased 

levels of branched-chain amino acids (BCAAs). Certain 

gut bacteria, including Prevotella copri and Bacteroides 

vulgatus, are involved in the production of these amino 

acids, which may worsen insulin resistance.[14][15]. 

Additionally, the interaction between IR and 

hyperinsulinemia could lead to increased androgen 

synthesis by the ovaries, which would further complicate 

the clinical presentation of PCOS [4].  

 

Inflammatory Responses 

Chronic inflammation is a defining 

characteristic of PCOS, and the gut microbiota play an 

essential role in regulating inflammatory pathways. The 

“gut barrier-endotoxemia-inflammation mechanism” is 

suggested as a possible pathway connecting gut health to 

PCOS. The intestinal barrier can be disrupted, leading to 

heightened lipopolysaccharide (LPS) levels. This 

increase may instigate systemic inflammation and play a 

role in the development of PCOS[6][15]. PCOS patients 

have been reported to have increased levels of pro-

inflammatory bacteria like Escherichia coli and 
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Prevotella, which supports the idea that dysbiosis can 

worsen inflammatory responses[16]. 

 

Metabolic Pathways 

The gut microbiota play a role in numerous 

metabolic processes, such as bile acid and glucose 

metabolism, energy absorption, and the generation of 

short-chain fatty acids (SCFAs), known for their anti-

inflammatory effects [6][17]. Dysbiosis may disrupt 

these metabolic pathways, potentially contributing 

significantly to the emergence of metabolic disorders 

linked to PCOS. Grasping these mechanisms can open 

the door to innovative treatment approaches, including 

the application of probiotics and prebiotics to reestablish 

equilibrium in gut microbiota, [15][16][18]. 

 

Mechanisms of Influence 

The connection between gut microbiota and 

Polycystic Ovary Syndrome (PCOS) is intricate and 

involves numerous metabolic, hormonal, and 

neurological mechanisms. 

 

Insulin Resistance and Metabolism 

Insulin resistance, which is recognized as an 

endocrine disorder, significantly contributes to the 

pathology of PCOS. People who have insulin resistance 

show a reduced ability to take up and use glucose. This 

is caused by inadequate action of insulin, whether it 

comes from outside the body or is produced within it[4]. 

Recent studies suggest a strong connection between this 

condition and the gut microbiome, highlighting specific 

bacteria associated with the metabolism of branched-

chain amino acids (BCAAs) in those who are insulin-

resistant. Serum BCAA levels have been linked to the 

composition of gut microbiota, especially the presence of 

Prevotella copri and Bacteroides vulgatus, which are 

thought to promote insulin resistance [4][19]. In 

addition, insulin resistance may result in 

hyperinsulinemia, which promotes the ovaries to 

produce androgens in excess, worsening PCOS 

symptoms[14]. This interaction underscores the 

metabolic disturbances that result from changes in gut 

microbiota and their role in the syndrome's clinical 

manifestations. 

 

Gut-Brain Axis 

In PCOS, the gut-brain axis is also vital. 

Research indicates that imbalances in gut microbiota can 

impact mental health, including anxiety and depression, 

which are more common among women with PCOS 

[15][19]. To uphold homeostasis, it is vital for the gut 

microbiome and brain to communicate; disruptions in 

this relationship may play a role in the psychological 

comorbidities that are frequently seen in this population. 

The metabolic activities of gut microflora—like the 

generation of short-chain fatty acids (SCFAs) and other 

metabolites—can also impact metabolic and hormonal 

pathways, influencing the overall health of those with 

PCOS [15][12] . These metabolites might be involved in 

the regulation of inflammation and insulin sensitivity, 

both of which are crucial in the onset and advancement 

of PCOS. 

 

Hormonal Regulation 

Hormones are also metabolized by gut 

microbiota. They generate enzymes that control the 

circulation of sexual hormones in women, especially 

estrogens [15]. Estrogens are recognized for their impact 

on gut microbiota composition, fostering the growth of 

advantageous species like Lactobacillus. When these 

hormones are dysregulated, it can cause a harmful 

change in microbial communities, exacerbating the 

metabolic dysregulation linked to PCOS[15][19]. 

  

Clinical Implications 

The gut microbiota and its relationship to 

Polycystic Ovary Syndrome (PCOS) has major 

implications for diagnosis and treatment approaches. 

Recent research has underscored the promise of 

probiotics and prebiotics in addressing insulin resistance, 

which is frequently encountered by women with PCOS. 

A randomized double-blinded, placebo-controlled trial 

involving 60 women diagnosed with PCOS suggested 

that supplementation with certain probiotic strains, 

including Bifidobacterium lactis V9, may promote the 

growth of beneficial gut bacteria and enhance metabolic 

functions   [20][21] . The results indicate that increasing 

fiber consumption and adding probiotics to the diet may 

help improve gut health and reduce dysbiosis, potentially 

alleviating some symptoms of PCOS [22]. Moreover, the 

dietary strategy for PCOS management usually 

highlights foods with a low glycemic index, high-fiber 

diets, and lean proteins—factors that can have a 

beneficial impact on gut microbiota composition.[22]. It 

has been demonstrated that a diet high in omega-3 fatty 

acids (like those found in fish) and healthy fats (such as 

olive oil) can have anti-inflammatory effects that may be 

beneficial for women with PCOS.[23]. Grasping the 

significance of gut microbiota in PCOS could pave the 

way for novel treatment approaches that focus on 

adjusting the microbiome to enhance health outcomes for 

those impacted by this condition [1][15][24]. Moreover, 

it is essential to incorporate lifestyle modifications such 

as physical activity. Research shows that physical 

activity not only helps with weight control but also 

boosts the diversity of gut microbiota, which can further 

promote metabolic health in women with PCOS [22]. In 

summary, an increasing amount of evidence indicates 

that focused dietary and lifestyle modifications, as well 

as the adjustment of gut microbiota, may be effective 

approaches for managing PCOS and enhancing the 

quality of life for those impacted by it  [25][26][22]. 

 

Current Research 

Recent research has underscored the important 

function of gut microbiota in the pathophysiology of 

Polycystic Ovary Syndrome (PCOS) and its link to 

insulin resistance (IR) [13][15]. Studies show that the gut 

microbiota composition in women with PCOS differs 

significantly from that of healthy individuals, featuring 
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reduced microbial diversity and a changed composition 

[15][13]. In particular, PCOS patients have been 

observed to have reduced levels of advantageous bacteria 

like Bifidobacterium, which signifies dysbiosis [14]. 

 

Probiotics and Prebiotics 

Probiotics and prebiotics have been recognized 

for their potential in managing IR in PCOS. Strains like 

Bifidobacterium and Lactobacillus are included in 

probiotics, which are live microorganisms that promote 

gut health. Prebiotics are food components that cannot be 

digested but foster the development of helpful gut 

bacteria [14][27]. It has been indicated by evidence that 

the use of probiotics such as Bifidobacterium lactis V9 

can promote the proliferation of SCFA-producing 

bacteria like Faecalibacterium prausnitzii, 

Butyricimonas, and Akkermansia. This enhances gut 

health by bolstering barrier function and mitigating the 

movement of harmful bacterial endotoxins across the gut 

wall [14]. 

 

Dietary Modifications 

Besides supplementation, strategies such as 

dietary modifications and nutritional interventions have 

been investigated to enhance the gut microbiota 

composition in women with PCOS. Research has 

demonstrated that these measures can result in 

considerable alterations to gut microbiota profiles, which 

may thus help relieve certain symptoms linked to PCOS 

[27]. 
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