https://www.eejournals.org Open Access

Oxidative Stress, Liver Dysfunction, and Urological
Complications: Mechanistic Insights and Therapeutic
Opportunities in Benign Prostatic Hyperplasia

Kamanzi Ntakirutimana G.

School of Natural and Applied Sciences Kampala International University Uganda

ABSTRACT

Benign Prostatic Hyperplasia (BPH) is a non-malignant enlargement of the prostate gland commonly affecting aging
men and is a leading cause of lower urinary tract symptoms (LUTS). Increasing evidence highlights the pivotal role
of oxidative stress (OS) in driving the pathophysiological processes underlying BPH, including chronic
inflammation, cellular proliferation, and fibrosis. Notably, liver dysfunction, especially in the context of non-
alcoholic fatty liver disease (NAFLD), often coexists with BPH due to shared metabolic risk factors and systemic
oxidative-inflammatory processes. The liver-prostate axis represents a critical yet underexplored pathway through
which hepatic injury and oxidative stress exacerbate urological complications. This review provides mechanistic
insights into the interplay between oxidative stress, liver dysfunction, and BPH development. Furthermore,
emerging therapeutic opportunities focusing on antioxidant-based interventions, hepatoprotective agents, and
integrative systems medicine approaches are discussed as promising strategies for the management of patients with
concurrent liver and prostatic disorders.
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INTRODUCTION
Benign Prostatic Hyperplasia (BPH) is one of the most common urological disorders affecting aging men globally
[17. It is a progressive, non-malignant enlargement of the prostate gland characterized by hyperplasia of both
stromal and epithelial cells [27]. This pathological growth leads to compression of the prostatic urethra, resulting in
bladder outlet obstruction and the development of lower urinary tract symptoms (LUTS) [17. These symptoms
include increased urinary frequency, nocturia, weak urine stream, incomplete bladder emptying, and urinary
hesitancy [87. The prevalence of BPH increases with advancing age, affecting approximately 50% of men over 50
years and nearly 90% of men over 80 years of age [27]. With increasing global life expectancy and aging populations,
the healthcare burden associated with BPH is expected to escalate further [47. Traditionally, BPH pathogenesis has
been associated with age-related hormonal changes, particularly the role of androgens such as dihydrotestosterone
(DHT), which promotes prostatic cell proliferation [57]. However, contemporary research has identified additional
pathogenic drivers beyond hormonal factors. Notably, oxidative stress (OS) and chronic inflammation have gained
significant attention as central mechanisms involved in prostatic tissue remodeling and hyperplasia [67]. OS results
from an imbalance between the generation of reactive oxygen species (ROS) and the body’s antioxidant defense
mechanisms, leading to cellular damage and dysfunction [77]. In BPH, excessive ROS production in prostatic tissues
contributes to inflammatory signaling, extracellular matrix remodeling, and stromal-epithelial proliferation,
promoting disease progression and symptom severity [87]. Parallel to the increasing burden of BPH, liver
dysfunction — particularly non-alcoholic fatty liver disease (NAFLD) and its progressive form non-alcoholic
steatohepatitis (NASH) — has emerged as a leading global health challenge [97]. NAFLD affects approximately 25-
30% of the global population and is closely linked to metabolic syndrome components such as obesity, insulin
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resistance, type 2 diabetes, and dyslipidemia [9,107]. Like BPH, NAFLD is strongly influenced by oxidative stress
and chronic inflammation, which contribute to hepatocyte injury, lipid accumulation, mitochondrial dysfunction, and
the progression of hepatic fibrosis [117]. Recent studies have highlighted a significant pathophysiological link
between liver dysfunction and BPH through a dynamic interplay of metabolic, hormonal, and inflammatory
pathways — often referred to as the liver-prostate axis [127]. Both conditions share common risk factors, including
metabolic syndrome, obesity, insulin resistance, and chronic low-grade systemic inflammation. Importantly, liver
dysfunction amplifies systemic oxidative stress, leading to the release of pro-inflammatory cytokines such as tumor
necrosis factor-alpha (TNF-a), interleukin-6 (IL-6), and C-reactive protein (CRP) into the circulation [187. These
inflammatory mediators can reach the prostate gland, exacerbating oxidative stress and inflammatory responses
within the prostate microenvironment, thus promoting prostatic enlargement and worsening LUTS [67].
Furthermore, liver dysfunction influences bile acid metabolism, lipid homeostasis, and hormonal regulation, all of
which have downstream effects on prostatic tissue growth and function [14]. For instance, hepatic insulin resistance
leads to hyperinsulinemia, which promotes insulin-like growth factor-1 (IGF-1) activity — a potent driver of
prostatic cell proliferation and hyperplasia [157]. Additionally, altered lipid metabolism associated with NAFLD
contributes to changes in androgen and estrogen levels, further influencing the hormonal milieu within the prostate
[16]. Given the overlapping pathophysiology between BPH and liver dysfunction, there is growing recognition of
the need for therapeutic strategies that target oxidative stress and inflammatory signaling within both organs
simultaneously. Such an integrated approach could offer substantial benefits in managing patients with concurrent
BPH and liver disease, particularly those with underlying metabolic syndrome. This review synthesizes current
mechanistic insights into the role of oxidative stress and liver dysfunction in urological complications, focusing on
BPH. It further explores emerging therapeutic opportunities that leverage antioxidant-based interventions,
hepatoprotective agents, and personalized medicine approaches within this interconnected pathophysiological
framework. Addressing the systemic nature of oxidative stress and inflammation across both the liver and prostate
may hold the key to developing more effective, holistic management strategies for BPH and its associated
comorbidities.
The Liver-Prostate Axis: Pathophysiological Interactions
The liver-prostate axis represents an emerging concept in understanding the systemic interplay between liver
dysfunction and benign prostatic hyperplasia (BPH) [177. Increasing evidence suggests that metabolic, hormonal,
and inflammatory mediators originating from liver dysfunction can exacerbate prostatic pathology, highlighting the
systemic nature of BPH pathogenesis [17]. One of the primary mechanisms by which liver dysfunction influences
prostate health is through dysregulated bile acid metabolism [187. The liver is the key organ responsible for bile
acid synthesis and homeostasis [197. Alterations in bile acid profiles due to hepatic injury or non-alcoholic fatty
liver disease (NAFLD) can influence androgen receptor signaling pathways in prostatic tissues, potentially
promoting cellular proliferation and hyperplasia [207]. Additionally, hepatic insulin resistance, commonly associated
with NAFLD and metabolic syndrome, leads to systemic hyperinsulinemia [217]. Elevated insulin levels enhance
insulin-like growth factor-1 (IGF-1) signaling, which plays a critical role in stimulating prostatic stromal and
epithelial cell proliferation [227]. This hormonal disturbance accelerates prostate growth and contributes to lower
urinary tract symptoms (LUTS). Hepatic inflammation also results in the systemic release of pro-inflammatory
cytokines such as interleukin-6 (IL-6), tumor necrosis factor-alpha (TNI-a), and C-reactive protein (CRP) [237].
These mediators not only promote systemic oxidative stress but also reach the prostate, amplifying local
inflammation, extracellular matrix remodeling, and fibrosis [87]. Moreover, altered lipid metabolism associated with
liver dysfunction further contributes to hormonal imbalances, including dysregulated testosterone and estrogen
levels [247]. These hormonal disturbances favor prostatic hyperplasia and disease progression. Thus, liver
dysfunction acts as a systemic amplifier of oxidative stress, chronic inflammation, and hormonal dysregulation —
all of which converge to exacerbate prostatic remodeling, fibrosis, and LUTS severity. This understanding
highlights the importance of therapeutic strategies that target the liver-prostate axis for more effective management
of BPH in patients with coexisting hepatic conditions.
Therapeutic Opportunities Targeting Oxidative Stress and Liver Dysfunction in BPH
Given the strong pathophysiological link between liver dysfunction, oxidative stress, and BPH, there is a growing
interest in therapeutic strategies that can simultaneously modulate oxidative damage and inflammation within both
the liver and prostate. Dual-targeted interventions hold significant promise for managing patients with coexisting
urological and hepatic complications [257].
Antioxidant Therapy
Natural antioxidants derived from dietary and plant-based sources have demonstrated substantial hepatoprostatic
benefits. Compounds such as lycopene (from tomatoes), curcumin (from turmeric), resveratrol (from grapes), and
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silymarin (from milk thistle) exert potent antioxidant and anti-inflammatory effects [267. These antioxidants
neutralize reactive oxygen species (ROS), suppress NF-kB-mediated inflammatory signaling, enhance insulin
sensitivity, and inhibit fibrosis in both the liver and prostate tissues 277]. Antioxidants also modulate redox-sensitive
transcription factors and improve mitochondrial function, thereby restoring cellular homeostasis [287].
Hepatoprotective Agents
Specific hepatoprotective agents, including silymarin and N-acetylcysteine (NAC), have shown the ability to reduce
liver-derived oxidative stress and inflammation [297. These agents stabilize hepatocyte membranes, enhance hepatic
detoxification pathways, and promote antioxidant enzyme activity [30]. By improving liver function,
hepatoprotective agents indirectly benefit prostate health by reducing systemic inflammatory and oxidative
mediators that contribute to BPH progression.
Combination Therapies
A rational therapeutic strategy involves combining antioxidants with prostate-specific medications, such as alpha-
adrenergic blockers and 5-alpha-reductase inhibitors, which improve urinary flow and reduce prostate volume [317].
Simultaneously incorporating hepatoprotective interventions addresses liver dysfunction, ensuring a holistic
approach to managing dual organ involvement.
Gut Microbiota Modulation
Emerging evidence suggests that the gut-liver-prostate axis plays a critical role in modulating systemic
inflammation and oxidative stress [327]. Modulating the gut microbiota through probiotics, prebiotics, dietary fibers,
and polyphenol-rich diets can enhance intestinal barrier function, reduce endotoxin translocation, and improve
antioxidant capacity [837]. Gut microbiota-targeted interventions represent a promising adjunctive therapy for
patients with BPH and liver dysfunction, capable of restoring systemic metabolic and inflammatory balance [34].
Future Research Directions
Future research should prioritize the development and clinical validation of dual-targeted therapeutic strategies that
address both benign prostatic hyperplasia (BPH) and liver dysfunction, particularly in patients with underlying
metabolic syndrome. Well-designed clinical trials evaluating the efficacy and safety of antioxidant therapies in BPH
patients with concurrent liver disease are urgently needed. These trials should focus on the use of natural
antioxidants such as lycopene, curcumin, resveratrol, and silymarin, in combination with hepatoprotective agents
and conventional prostate-specific medications. Such integrative approaches could offer superior clinical benefits
compared to monotherapies. Another promising research avenue involves the application of systems pharmacology
models to predict patient-specific responses to dual-targeted therapies. By integrating data from genomics,
proteomics, metabolomics, and liver-prostate axis biomarkers, these models can facilitate the design of precision
medicine frameworks tailored to individual patient profiles. Predictive modeling can also guide the selection of
optimal antioxidant formulations, dosing regimens, and therapeutic combinations based on the metabolic and
inflammatory status of each patient. Further research is warranted to identify novel molecular targets within redox-
regulated pathways that mediate the liver-prostate axis. Targeting transcription factors such as NF-kB, Nrf2, or
signaling mediators involved in oxidative stress and fibrosis may yield new therapeutic agents for the management
of BPH with liver comorbidities. Additionally, the exploration of gut microbiome signatures in patients with BPH
and liver disease represents an innovative frontier. Understanding how gut microbial composition and function
influence systemic inflammation, oxidative stress, and hormonal regulation could lead to microbiota-targeted
interventions, including probiotics, prebiotics, and dietary strategies, to improve therapeutic outcomes in this patient
population.
CONCLUSION
Oxidative stress serves as a unifying mechanistic link between liver dysfunction and urological complications,
particularly BPH. Understanding the molecular interplay between the liver and prostate opens new avenues for
integrated therapeutic interventions. Dual-targeted antioxidant strategies, combined with hepatoprotective agents
and personalized medicine approaches, hold significant promise for improving patient outcomes in BPH complicated
by liver dysfunction. Future research should emphasize the development of precision medicine frameworks that
address the systemic nature of oxidative stress-mediated diseases across organ systems.
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