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ABSTRACT 
Benign Prostatic Hyperplasia (BPH) is a prevalent condition in aging men, characterized by prostate enlargement 

and associated lower urinary tract symptoms (LUTS). While traditional risk factors include age, hormonal 

imbalances, and genetics, recent research suggests that the gut microbiome may significantly influence prostate 

health and BPH progression. The gut microbiome, comprising trillions of microorganisms, plays a crucial role in 

systemic processes such as inflammation, immune modulation, and hormonal regulation, all of which are 

implicated in BPH pathogenesis. This comprehensive review explores the mechanisms linking gut dysbiosis to 

prostate health, with a focus on systemic inflammation, hormonal disturbances, and immune responses. Dysbiosis, 

or an imbalance in gut microbial communities, can lead to chronic inflammation, elevated levels of pro-

inflammatory cytokines, and disruptions in androgen and estrogen metabolism, contributing to the onset and 

progression of BPH. Emerging evidence from both animal and human studies highlights significant differences in 

the gut microbiota of men with BPH compared to healthy controls, suggesting a potential role for microbiome-

based interventions. Furthermore, the review discusses the therapeutic potential of probiotics, prebiotics, and 

dietary modifications in modulating gut health to alleviate BPH symptoms. Personalized microbiome-targeted 

therapies represent a promising avenue for future research. This review underscores the importance of the gut-

prostate axis in understanding prostate health and suggests that targeting the gut microbiome could lead to novel 

strategies for preventing and managing BPH. 
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INTRODUCTION 

Benign Prostatic Hyperplasia (BPH) is a non-

cancerous enlargement of the prostate gland, a 

condition that commonly affects men as they age 

[1]. This prostate enlargement often results in 

lower urinary tract symptoms (LUTS) such as 

increased urinary frequency, urgency, weak stream, 

and nocturia, significantly impairing the quality of 

life for affected individuals [2]. The global 

prevalence of BPH increases with age, affecting 

approximately 50% of men in their 50s and up to 

90% of men aged 80 and above. While the exact 

cause of BPH remains elusive, several well-

established risk factors contribute to its 

development, including age-related hormonal 

changes, genetics, and lifestyle factors [3,4]. 

Historically, the primary drivers of BPH have been 

attributed to hormonal imbalances, particularly 

involving androgens like testosterone and 

dihydrotestosterone (DHT), as well as estrogen. 

These hormones regulate prostate growth, and their 

dysregulation with age has been strongly linked to 

prostatic hyperplasia [5,6]. Chronic inflammation is 

another key factor that contributes to prostate 

enlargement [7]. Research has shown that immune 
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cells, including macrophages and T-cells, infiltrate 

the prostate in response to cellular damage or 

infections, promoting tissue remodeling and 

hyperplasia [8]. Although hormonal regulation and 

inflammation remain central to understanding BPH 

pathophysiology, recent scientific advances have 

prompted researchers to explore other potential 

contributing factors. In the past decade, there has 

been growing interest in the role of the gut 

microbiome in regulating various systemic 

processes, including metabolism, immunity, and 

inflammation. The gut microbiome refers to the 

trillions of microorganisms, including bacteria, 

viruses, fungi, and archaea, that reside within the 

gastrointestinal tract [9]. These microbes are not 

merely passive passengers but are actively involved 

in numerous physiological processes. They assist in 

digesting food, synthesizing essential vitamins, 

regulating immune responses, and producing 

metabolites that affect distant organs [10]. 

Emerging evidence suggests that the gut 

microbiome may play a crucial role in diseases 

beyond the gastrointestinal tract, influencing 

conditions such as cardiovascular disease, obesity, 

diabetes, and even neurological disorders [11].  

Recently, researchers have begun investigating the 

potential relationship between the gut microbiome 

and prostate health, including its impact on BPH. 

This connection, often referred to as the "gut-

prostate axis," proposes that the gut microbiome can 

influence prostate health through various 

mechanisms, such as modulating systemic 

inflammation, regulating hormone levels, and 

shaping immune responses [12]. Dysbiosis, or an 

imbalance in the gut microbial population, can lead 

to increased intestinal permeability, allowing 

bacterial endotoxins and metabolites to enter the 

bloodstream and contribute to chronic inflammation 

[13]. This low-grade, systemic inflammation may 

reach the prostate and exacerbate prostatic 

hyperplasia and other pathological changes. While 

the exact pathways linking the gut microbiome and 

prostate health are still under investigation, several 

studies have provided compelling evidence that gut 

microbiota alterations are associated with BPH 

development and progression [14]. Moreover, gut 

microbiota may impact hormonal regulation by 

metabolizing androgens and estrogens, further 

contributing to BPH pathogenesis [15]. As a result, 

there is growing interest in exploring microbiome-

based therapeutic interventions, such as probiotics, 

prebiotics, and dietary modifications, to potentially 

prevent or mitigate BPH progression. This review 

aims to explore the emerging relationship between 

the gut microbiome and prostate health, with a 

specific focus on BPH. It synthesizes current 

research on the mechanisms by which the gut 

microbiome may influence prostate inflammation, 

hormonal balance, and immune modulation. 

Additionally, this review will discuss the potential 

for microbiome-targeted therapies as novel 

approaches for BPH management and highlight 

areas for future research in this promising field. 

Overview of BPH: Pathophysiology and Risk 

Factors 

Pathophysiology of BPH 

BPH is characterized by the proliferation of 

epithelial and stromal cells within the prostate, 

leading to the enlargement of the gland. This can 

compress the urethra, resulting in lower urinary 

tract symptoms (LUTS), including difficulty in 

urination, increased frequency, and nocturia [16,17]. 

The primary contributing factors to BPH include 

hormonal imbalances (such as changes in 

testosterone and estrogen levels), inflammatory 

processes, and cellular senescence [18]. Chronic 

inflammation is increasingly recognized as a 

significant driver in the pathogenesis of BPH, 

contributing to tissue remodeling, fibrosis, and 

prostatic hyperplasia [19,20]. 

Traditional Risk Factors 

1. Age: The likelihood of developing BPH 

increases with age, affecting around 50% of 

men in their 50s and nearly 90% in men 

over 80[21]. 

2. Hormonal Changes: Androgens like 

testosterone and its more active form, 

dihydrotestosterone (DHT), are central to 

prostate growth. Estrogens also play a role 

by promoting stromal and epithelial cell 

proliferation [22]. 

3. Genetics: Family history of BPH increases 

the risk of developing the condition [23]. 

Lifestyle and Diet: Diets rich in red meat, high-fat 

content, and low in fiber have been associated with 

an increased risk of BPH [24]. 
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The Gut Microbiome: A Crucial Player in 

Human Health 

Gut Microbiome Composition 

The gut microbiome consists of a vast and diverse 

population of bacteria, archaea, fungi, viruses, and 

other microbes. These microbes contribute to 

various physiological processes, including the 

digestion of food, synthesis of vitamins, modulation 

of the immune system, and protection against 

pathogens [11,25]. Notably, gut microbiota can 

influence systemic inflammation and hormonal 

regulation two factors closely tied to BPH 

pathogenesis. 

Dysbiosis: Imbalance in Microbial Communities 

Dysbiosis refers to an imbalance in the gut microbial 

ecosystem, where harmful bacteria may outnumber 

beneficial species. This imbalance can lead to 

increased intestinal permeability (commonly referred 

to as "leaky gut"), allowing bacterial metabolites and 

toxins to enter the bloodstream [26]. These 

endotoxins can promote systemic inflammation and 

immune responses, which have been implicated in 

several chronic conditions, including cardiovascular 

diseases, diabetes, and prostate disorders like BPH 

[27]. 

Gut Microbiome and Prostate Health: 

Mechanistic Insights 

Systemic Inflammation and Prostate Health 

One of the primary mechanisms linking gut health 

to prostate conditions, including BPH, is 

inflammation. Dysbiosis can lead to the production 

of pro-inflammatory cytokines, such as interleukin-6 

(IL-6) and tumor necrosis factor-alpha (TNF-α), 

which have been associated with prostate 

inflammation and hyperplasia [28]. Chronic low-

grade inflammation in the gut can trigger similar 

responses in the prostate, leading to the onset and 

progression of BPH. Some studies suggest that 

bacterial metabolites, such as lipopolysaccharides 

(LPS), which enter the bloodstream from the gut, 

may exacerbate prostatic inflammation and drive 

cellular proliferation in the prostate [29]. 

Hormonal Regulation and the Microbiome 

The gut microbiome plays a crucial role in 

regulating hormone levels, particularly through the 

metabolism of androgens and estrogens [30]. For 

instance, certain bacterial species possess the ability 

to convert testosterone into its more potent form, 

DHT, which is directly linked to prostate 

enlargement [31]. Additionally, gut bacteria 

influence the enterohepatic circulation of estrogens, 

which can affect the hormonal balance within the 

prostate [32]. Disruptions in these microbiome-

mediated pathways may contribute to the hormonal 

imbalances that underlie BPH. 

Immune Modulation 

The gut microbiome influences both local and 

systemic immunity. Regulatory T cells (Tregs), 

produced under the influence of specific gut 

microbes, help maintain immune tolerance and 

control inflammatory responses [33]. In individuals 

with BPH, there is evidence of altered immune 

responses, with increased infiltration of immune 

cells into the prostate [34]. The gut microbiome 

may modulate these immune dynamics by 

influencing the recruitment and activity of immune 

cells, potentially exacerbating or mitigating 

inflammation within the prostate [35]. 

Gut Dysbiosis and BPH Progression 

Animal and Human Studies 

Several animal studies have demonstrated the link 

between gut microbiota and prostate conditions. For 

example, mouse models with altered gut 

microbiomes have shown increased susceptibility to 

prostatic inflammation and hyperplasia [36]. In 

humans, studies comparing the gut microbiota of 

men with BPH and healthy controls have identified 

significant differences in microbial composition. 

Specifically, men with BPH tend to have reduced 

levels of beneficial bacteria such as Lactobacillus and 

Bifidobacterium, which are known for their anti-

inflammatory properties, and higher levels of pro-

inflammatory bacteria like Escherichia coli and 

Enterococcus [37,38]. 

Role of Diet and Probiotics 

Diet plays a pivotal role in shaping the gut 

microbiome, and dietary interventions may offer a 

pathway to modulate prostate health. Diets rich in 

fiber, plant-based foods, and omega-3 fatty acids 

have been shown to support a healthy gut 

microbiome, reduce systemic inflammation, and 

potentially lower the risk of BPH [39]. Probiotics 

and prebiotics, which help restore microbial balance, 

are also being investigated as potential therapeutic 

options to alleviate BPH symptoms by reducing 
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inflammation and supporting hormonal regulation 

[40]. 

Therapeutic Implications and Future Directions 

Microbiome-Based Therapies 

Given the emerging evidence linking the gut 

microbiome to prostate health, microbiome-based 

therapies, including probiotics, prebiotics, and fecal 

microbiota transplantation (FMT), hold promise for 

BPH management [41]. Probiotics, particularly 

strains of Lactobacillus and Bifidobacterium, may 

help restore microbial balance, reduce systemic 

inflammation, and alleviate BPH symptoms [40]. 

Precision Medicine Approach 

Personalized medicine approaches that consider an 

individual's gut microbiome composition could lead 

to more effective BPH treatments. By tailoring 

interventions based on microbiome profiles, 

clinicians may be able to identify individuals who are 

more likely to benefit from dietary modifications, 

probiotic supplementation, or microbiome-targeted 

therapies [42, 43]. 

Future Research Directions 

Future research should focus on longitudinal studies 

to establish causal links between gut microbiota and 

BPH progression. Understanding the specific 

microbial species and metabolic pathways involved 

in prostate inflammation and hyperplasia will be 

essential to developing targeted microbiome-based 

interventions. Additionally, investigating the gut-

prostate axis in diverse populations will help identify 

whether certain microbial patterns are universally 

associated with BPH or vary based on genetic, 

lifestyle, and environmental factors. 

                                                                             CONCLUSION 

The gut microbiome represents a novel and 

promising area of research in understanding prostate 

health and the progression of BPH. Current 

evidence suggests that gut dysbiosis can influence 

systemic inflammation, hormonal regulation, and 

immune responses, all of which contribute to the 

development and progression of BPH. Although 

more research is needed to fully elucidate the 

mechanisms involved, the potential for microbiome-

based therapies offers an exciting new avenue for the 

prevention and treatment of BPH. As our 

understanding of the gut-prostate axis deepens, it 

may revolutionize the way we approach prostate 

health and age-related conditions like BPH. This 

comprehensive review highlights the emerging 

connection between gut microbiota and prostate 

health, suggesting that future therapies targeting 

the microbiome could play a pivotal role in 

managing BPH and promoting overall prostate well-

being. 
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