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ABSTRACT

Benign prostatic hyperplasia (BPH) is a common condition that affects the prostate gland in aging men, leading
to lower urinary tract symptoms (LUTS) that significantly impact quality of life. Metabolic syndrome (MetS),
characterized by a cluster of risk factors such as obesity, insulin resistance, dyslipidemia, hypertension, and pro-
inflammatory states, is increasingly being recognized as a significant determinant in the progression of various
chronic diseases, including prostate disorders. The relationship between MetS and BPH has garnered
considerable attention in recent years, suggesting that components of MetS may contribute to the
pathophysiology of BPH. This review explores the mechanisms linking MetS with BPH, highlighting the role
of insulin resistance, obesity, and inflammation in prostate enlargement. We also examine the clinical
implications of this association, including its potential impact on diagnosis, treatment, and prevention of BPH
in men with MetS. Understanding these interconnections may provide new avenues for managing BPH in
patients with metabolic abnormalities.

Keywords: Benign prostatic hyperplasia, metabolic syndrome, insulin resistance, obesity, dyslipidemia,
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INTRODUCTION

Benign prostatic hyperplasia (BPH) is a prevalent, age-related condition characterized by the non-cancerous
enlargement of the prostate gland, leading to a range of lower urinary tract symptoms (LUTS)[1-37. These
symptoms, which include frequent urination, weak urinary stream, and nocturia, significantly affect the quality
of life of affected individuals. The incidence of BPH rises with age, making it a growing concern in older men,
with studies indicating that a substantial proportion of men over 50 years of age experience varying degrees of
prostate enlargement[2, 4, 5. BPH often coexists with other chronic health conditions, and its impact on daily
functioning can lead to substantial morbidity, including urinary retention, recurrent urinary tract infections,
and in some cases, the need for surgical intervention. Given the considerable burden of BPH, it is essential to
explore modifiable risk factors that contribute to the onset and progression of the disease, aiming to reduce its
impact on affected individuals[3, 6, 7].

Metabolic syndrome (MetS) represents a cluster of interrelated metabolic disturbances, including abdominal
obesity, insulin resistance, dyslipidemia (marked by elevated triglycerides and low high-density lipoprotein
cholesterol), and hypertension[8, 97. This syndrome is associated with a significantly increased risk of
developing cardiovascular diseases, type 2 diabetes, and other chronic disorders. MetS has become a major public
health issue, especially as the global population ages and lifestyle-related factors, such as poor diet and sedentary
behavior, continue to contribute to its prevalence. More recently, research has begun to uncover a potential link
between MetS and BPH. Studies have suggested that the metabolic dysfunctions characteristic of MetS, such as
insulin resistance and dyslipidemia, may play a role in the development and exacerbation of prostate
enlargement. However, the precise mechanisms underlying this relationship remain complex and are still under
investigation[ 10, 117.

This article aims to provide a comprehensive review of the growing body of evidence examining the association
between MetS and BPH. It will explore potential biological mechanisms that could explain this link, including
hormonal imbalances, inflammation, and endothelial dysfunction. Additionally, the article will discuss the
clinical implications of this association, particularly regarding the management of BPH in patients with MetS.
Finally, it will address potential strategies for intervention and prevention, focusing on lifestyle modifications,
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pharmacological treatments, and future research directions to improve the outcomes for patients suffering from
both conditions.
Pathophysiology of BPH in the Context of Metabolic Syndrome
Insulin Resistance: Insulin resistance (IR), a central feature of metabolic syndrome (MetS), is increasingly
recognized as a key factor in the pathophysiology of benign prostatic hyperplasia (BPH). In IR, the body’s ability
to respond to insulin is diminished, leading to higher circulating levels of insulin, which, in turn, disrupt normal
glucose metabolism. This metabolic dysregulation contributes to an array of cellular and molecular processes
that can exacerbate the growth of prostate tissues[ 12, 137. One critical pathway involves the insulin-like growth
factor (IGF) system. Insulin resistance has been shown to elevate circulating insulin levels, which can enhance
the production of IGF-1. IGF-1, a peptide with structural similarities to insulin, plays a pivotal role in regulating
cell growth, survival, and differentiation. In prostate cells, increased IGF-1 levels can stimulate the activation
of intracellular signaling pathways that promote cell proliferation and inhibit apoptosis[147. This leads to the
uncontrolled growth of prostate cells, contributing to the enlargement of the prostate, a hallmark of BPH.
Furthermore, IGF-1 has been implicated in prostate cell hypertrophy (increased cell size), further exacerbating
prostate enlargement[[157].
In addition to direct hormonal effects, insulin resistance can lead to the accumulation of visceral adipose tissue
(VAT), which is metabolically active and releases a variety of bioactive molecules, including pro-inflammatory
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cytokines. Visceral fat, in particular, has been shown to secrete high levels of adipokines such as TNF-a, IL-6,
and leptin, all of which are potent mediators of inflammation[16, 177]. This chronic low-grade inflammation
creates an environment that is conducive to prostate tissue remodeling and growth. The pro-inflammatory
cytokines released by visceral fat have been shown to influence prostate stromal and epithelial cells, encouraging
a local inflammatory response that can contribute to the development and progression of BPH.

Moreover, the interaction between insulin resistance, visceral fat accumulation, and inflammation in BPH may
extend beyond the prostate. The systemic effects of insulin resistance, including altered lipid metabolism, can
further exacerbate the metabolic imbalances that contribute to the pathophysiology of BPH. These factors
highlight the complex interplay between metabolic disturbances and prostate pathology. Thus, insulin
resistance, by elevating insulin and IGF-1 levels, along with the accumulation of visceral fat and its associated
pro-inflammatory cytokines, creates a cascade of events that not only promote prostate cell proliferation and
hypertrophy but also foster a chronic inflammatory environment that accelerates the progression of BPH[187.
This underscores the importance of managing insulin resistance and metabolic abnormalities as potential
therapeutic targets in individuals with BPH, particularly in those with underlying metabolic syndrome.
Obesity and Adiposity: Obesity, especially the accumulation of visceral fat, plays a central role in the
pathogenesis of Metabolic Syndrome (MetS), a cluster of conditions that increase the risk of heart disease, stroke,
and type 2 diabetes. Visceral fat, which surrounds internal organs, is particularly harmful because it is
metabolically active and secretes a wide range of bioactive molecules, including adipokines[9, 197. These
adipokines, such as leptin, adiponectin, and resistin, are involved in regulating various physiological processes,
including energy balance, immune response, and inflammation. Importantly, these molecules can also influence
prostate health, potentially contributing to prostate diseases like benign prostatic hyperplasia (BPH).

Leptin is a well-known adipokine that is primarily involved in regulating energy balance by signaling the brain
to suppress appetite and increase energy expenditure. However, elevated levels of leptin, which are commonly
seen in obese individuals, can have detrimental effects on prostate tissue. Studies have shown that high leptin
levels are associated with increased cell proliferation and may contribute to the development and progression of
prostate conditions such as BPH. Leptin can activate various signaling pathways that promote inflammation
and cell growth, thereby creating an environment that favors prostate enlargement[ 207.

On the other hand, adiponectin, another adipokine, has anti-inflammatory and anti-proliferative properties. It
generally exerts protective effects on metabolic health by improving insulin sensitivity and reducing fat
accumulation. However, in individuals with obesity, adiponectin levels tend to be lower, which further
exacerbates the inflammatory state. Reduced levels of adiponectin have been linked to an increased risk of BPH
and prostate cancer. Adiponectin helps inhibit cell proliferation and inflammation, so its deficiency may
contribute to excessive prostate growth, potentially leading to benign or malignant transformation. Resistin is
another adipokine that has been implicated in inflammatory processes. It is typically elevated in obesity and has
been shown to promote the release of pro-inflammatory cytokines, further contributing to the chronic low-grade
inflammation seen in MetS[217]. This inflammatory milieu can exacerbate prostate growth and may influence
the pathophysiology of BPH.

Visceral fat accumulation is also a major source of pro-inflammatory cytokines such as tumor necrosis factor-
alpha (TNF-a) and interleukin-6 (IL-6), which are critical mediators of inflammation. These cytokines are often
elevated in obesity and can directly impact prostate tissue by stimulating inflammatory responses, oxidative
stress, and abnormal cell growth. TNF-a and IL-6 have been implicated in accelerating prostate tissue
remodeling, fostering an environment that promotes both hypertrophy and hyperplasia of prostate cells[22,
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237. This inflammatory cascade may not only drive BPH progression but could also contribute to the risk of
prostate cancer, as the inflammatory microenvironment can enhance tumor initiation and progression. In sum,
the interplay between obesity, visceral fat, and the secretion of adipokines and pro-inflammatory cytokines
creates a complex environment that accelerates prostate growth. Elevated leptin, reduced adiponectin, and
increased levels of resistin, TNF-a, and IL-6 all contribute to local inflammation and enhanced cell proliferation,
thereby increasing the risk of BPH. Understanding these mechanisms could provide valuable insights into
potential therapeutic strategies for managing prostate diseases, particularly in obese individuals. Page | 136
Hypertension and Sympathetic Nervous System Activation: Hypertension, a hallmark of Metabolic
Syndrome (MetS), plays a significant role in the pathophysiology of benign prostatic hyperplasia (BPH), a
condition characterized by prostate enlargement that often leads to lower urinary tract symptoms (LUTS). The
association between hypertension and BPH is complex, involving both vascular and neural mechanisms that can
influence prostate health[24, 257.

1. Increased Smooth Muscle Tone and Vascular Constriction: Hypertension is characterized by
sustained high blood pressure, which can lead to increased smooth muscle tone and vascular
constriction, affecting blood flow within various tissues, including the prostate. Chronic hypertension
can lead to the thickening of blood vessel walls and a reduction in the blood supply to the prostate. This
altered blood flow could promote tissue hypoxia (lack of oxygen), contributing to prostatic tissue
remodeling and cell growth, which are key features of BPH. The increased vascular tone within the
prostate may also result in an imbalance between growth factors, such as vascular endothelial growth
factor (VEGF) and fibroblast growth factor (FGF), further promoting prostate enlargement.

2. Sympathetic Nervous System (SNS) Overactivity: In MetS, the sympathetic nervous system (SNS)

is often overactive, and this increased sympathetic drive can have direct effects on the prostate. The
sympathetic fibers release norepinephrine, which binds to a-adrenergic receptors in smooth muscle
cells. These receptors, particularly the al-adrenergic receptors, mediate smooth muscle contraction,
leading to increased tone in the prostatic stroma and surrounding smooth muscle. This contraction not
only increases the internal pressure of the prostate but can also exacerbate LUTS, including urinary
frequency, urgency, and nocturia.
The SNS also contributes to inflammation and fibrosis, processes that are implicated in the
pathogenesis of BPH. Increased adrenergic activity leads to the release of pro-inflammatory cytokines
and growth factors that promote prostate cell proliferation and fibrosis, further contributing to prostate
enlargement and the worsening of LUTS.

3. Interaction Between Hypertension and a-Adrenergic Receptor Activity: The overactivity of the
sympathetic nervous system in the context of MetS increases a-adrenergic receptor activity, which has
a direct impact on smooth muscle contraction in the prostate. al-adrenergic receptor antagonists, such
as tamsulosin, are commonly used in the treatment of BPH, demonstrating the critical role of
adrenergic receptors in prostate physiology. In hypertensive individuals with MetS, the heightened
adrenergic stimulation may result in a more pronounced response to a-adrenergic signaling, leading to
increased smooth muscle tone and exacerbating the symptoms of BPH.

4. Exacerbation of LUTS: The combined effects of hypertension-induced smooth muscle contraction,
increased vascular tone, and overactive sympathetic nervous system can lead to a vicious cycle of BPH
progression and worsening LUTS. As the prostate enlarges and smooth muscle tone increases, the
bladder becomes less efficient in emptying, leading to urinary retention and obstruction. The increased
a-adrenergic activity in the prostate further complicates this process by promoting further contraction
of the prostatic smooth muscle, worsening urinary flow and increasing the severity of LUTS.

Hypertension in MetS contributes to BPH and LUTS through both vascular mechanisms, such as increased
smooth muscle tone and altered blood flow, and neural mechanisms involving excessive sympathetic activation
and a-adrenergic receptor stimulation. These pathways highlight the interrelationship between MetS
components and their impact on prostate health, offering potential therapeutic targets for managing both
hypertension and BPH in affected individuals.

Dyslipidemia and Oxidative Stress: Dyslipidemia, characterized by abnormal lipid levels in the blood, is a
hallmark of metabolic syndrome (MetS) and significantly contributes to various pathophysiological processes.
In MetS, the imbalance in lipid profiles, particularly elevated triglycerides, decreased high-density lipoprotein
(HDL) cholesterol, and increased low-density lipoprotein (LDL) cholesterol, creates a pro-inflammatory and
pro-oxidant state that has widespread effects on tissues, including the prostate[26, 277].

1. Elevated Triglycerides and Low HDL Cholesterol: Increased triglycerides and low HDL cholesterol
are often linked with insulin resistance, obesity, and central adiposity, all of which are core features of
MetS. These lipid abnormalities promote endothelial dysfunction and contribute to atherosclerosis,
which impairs vascular health. The diminished HDL levels further reduce the body's ability to clear
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excess cholesterol from peripheral tissues, allowing the accumulation of oxidized LDL. This process
creates a cycle of inflammation and oxidative damage, which plays a crucial role in the progression of

various diseases, including prostate conditions.

2. Increased LDL Cholesterol and Oxidative Stress: Elevated LDL cholesterol, particularly when
oxidized, becomes a potent contributor to oxidative stress. Oxidized LDL particles are known to
trigger the activation of pro-inflammatory signaling pathways, leading to the release of cytokines and
reactive oxygen species (ROS) that damage tissue. In the prostate, oxidative stress can induce DNA
damage, apoptosis, and fibrosis, exacerbating the inflammatory environment within the tissue. Chronic
oxidative stress is believed to contribute to the development of benign prostatic hyperplasia (BPH) and
prostate cancer, as it can promote cellular mutations and the activation of growth pathways.

3. Inflammation and Prostate Cell Proliferation: The inflammatory environment created by
dyslipidemia can promote prostate cell proliferation by upregulating growth factors such as vascular
endothelial growth factor (VEGF), fibroblast growth factor (FGF), and insulin-like growth factors
(IGFs). These factors stimulate angiogenesis, fibrosis, and tissue remodeling, which are critical
components of both BPH and prostate cancer progression. The increase in inflammatory cytokines like
tumor necrosis factor-alpha (TNF-a) and interleukins (IL-6, IL-1) further accelerates cell division,
creating a fertile ground for abnormal prostate cell growth.

4. Role of Growth Factors and Enzymes in Prostate Enlargement: Dyslipidemia can influence the
expression of enzymes and growth factors involved in prostate enlargement. For instance, dysregulated
lipid metabolism has been shown to upregulate the expression of 5-alpha-reductase, an enzyme
responsible for converting testosterone into its more potent form, dihydrotestosterone (DHT).
Elevated DHT levels are closely associated with BPH and prostate enlargement. Furthermore, lipids
and their metabolites can influence the activity of matrix metalloproteinases (MMPs), enzymes
involved in the degradation of extracellular matrix components, which is a key factor in tissue
remodeling and enlargement of the prostate gland.

5. Impact on Prostate Cancer Development: In addition to BPH, dyslipidemia plays a significant role
in the development and progression of prostate cancer. The chronic inflammation associated with
dyslipidemia can promote genomic instability and activate oncogenic signaling pathways, contributing
to tumor initiation and progression. For example, increased LDL and oxidized lipids can upregulate
pathways involving the nuclear factor kappa B (NF-kB), a key regulator of inflammation and cell
survival, which is frequently implicated in cancer cell proliferation and resistance to apoptosis.
Moreover, lipid metabolism dysregulation can influence cancer cell metabolism and energy production,
enhancing tumor growth and metastatic potential.

Dyslipidemia, by altering lipid metabolism and inducing oxidative stress and inflammation, is a key factor in the
pathogenesis of prostate diseases, including BPH and prostate cancer. Its effects on lipid profiles, growth factor
expression, and enzyme activity create a conducive environment for prostate cell proliferation, tissue
remodeling, and cancer progression. Thus, managing dyslipidemia in patients with MetS could potentially
reduce the risk of prostate enlargement and malignancy, highlighting the need for targeted therapeutic
interventions aimed at restoring lipid balance and reducing oxidative damage[27].

Inflammation: Chronic low-grade inflammation is increasingly recognized as a central component in the
pathophysiology of Metabolic Syndrome (MetS) and its association with benign prostatic hyperplasia (BPH).
MetS, a cluster of conditions including obesity, dyslipidemia, insulin resistance, and hypertension, creates an
inflammatory environment that contributes to the development and progression of various chronic diseases,
including BPH[287].

Inflammatory cytokines such as tumor necrosis factor-alpha (TNF-a) and interleukin-6 (IL-6) are pivotal in this
inflammatory cascade. These cytokines are found to be elevated in individuals with MetS and are involved in
activating several molecular pathways that influence prostate growth and pathology. TNF-a, a pro-
inflammatory cytokine, has been shown to stimulate the androgenic pathway by increasing the expression of
androgen receptors in prostate cells. Androgens, particularly dihydrotestosterone (DHT), play a critical role in
the normal growth and maintenance of the prostate. When this pathway is dysregulated by inflammatory
mediators, it can lead to excessive prostate growth, a hallmark of BPH. IL-6, another key cytokine elevated in
MetS, not only exacerbates systemic inflammation but also directly impacts prostate tissue. It is known to
activate the Janus kinase-signal transducer and activator of transcription (JAK-STAT) pathway, which leads to
the activation of genes that promote cell proliferation and survival. This effect may further contribute to the
hyperplasia of prostate tissue, which is characteristic of BPH.

Beyond stimulating cell growth, the chronic inflammatory milieu in the prostate can also lead to fibrosis, a
critical feature in advanced stages of BPH. Inflammatory cytokines like TNF-a and IL-6 stimulate the
production of collagen and extracellular matrix components through the activation of fibroblasts[297. This
fibrosis can impair normal tissue function, leading to the stiffening and scarring of the prostate. As the prostate
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undergoes fibrotic remodeling, its normal architecture is disrupted, leading to further enlargement and
dysfunction, which can exacerbate urinary symptoms in BPH patients. In addition, the chronic low-grade
inflammation associated with MetS can promote oxidative stress, which damages cellular components, leading
to further inflammatory responses and tissue remodeling. This chronic cycle of inflammation, tissue damage,
and fibrosis creates a vicious cycle that accelerates the progression of BPH, ultimately affecting prostate function
and contributing to lower urinary tract symptoms[ 30].
The interplay between chronic low-grade inflammation in MetS and the development of BPH is complex,
involving elevated inflammatory cytokines like TNF-a and IL-6. These cytokines stimulate the androgenic
pathway, promote prostate growth, and contribute to fibrosis. The ongoing inflammatory environment may not
only lead to the enlargement of the prostate but also result in the progression of BPH, causing long-term health
impacts and significant clinical concerns.
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Clinical Implications

1. Diagnosis: The association between MetS and BPH may have important diagnostic implications.
Patients presenting with LUTS and a known history of MetS may require closer monitoring and early
intervention. Identifying the metabolic abnormalities that coexist with BPH can help clinicians better
assess the severity of the condition and tailor treatment strategies.

2. Treatment Strategies: Treatment of BPH often includes medications such as a-blockers, 5a-reductase
inhibitors, and, in severe cases, surgery. However, addressing the underlying metabolic dysfunction in
patients with MetS may improve outcomes. For example, lifestyle modifications such as weight
reduction, dietary changes, and exercise may alleviate symptoms of both MetS and BPH.
Pharmacologic interventions targeting insulin resistance, obesity, and inflammation could represent
promising therapeutic options for managing BPH in patients with MetS.

3. Prevention: Preventive strategies aimed at reducing the risk of MetS may also help prevent the
development or progression of BPH. Public health campaigns focused on healthy eating, regular
physical activity, and the management of cardiovascular risk factors could play a significant role in
reducing the burden of both MetS and BPH.

CONCLUSION

The growing body of evidence suggesting a link between MetS and BPH highlights the need for a holistic

approach to managing these conditions in aging men. Addressing metabolic dysfunction, particularly insulin

resistance, obesity, and inflammation, may not only help prevent or delay the onset of BPH but also improve

overall prostate health. Future studies should further elucidate the complex interactions between MetS

components and prostate pathophysiology, paving the way for more effective treatments and preventive

strategies for BPH in this high-risk population.
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