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ABSTRACT

Benign prostatic hyperplasia (BPH) is a common condition among aging men, characterized by the enlargement
of the prostate gland, leading to lower urinary tract symptoms (LUTS). Metabolic syndrome (MetS), a cluster
of metabolic disorders including obesity, insulin resistance, hypertension, and dyslipidemia, has been
increasingly associated with BPH. The overlapping risk factors and mechanistic pathways suggest a potential
shared pathophysiology between the two conditions rather than a mere coincidence. This review explores the
epidemiological evidence linking MetS with BPH, the underlying molecular and biochemical pathways, and
potential therapeutic implications. We discuss the role of chronic inflammation, hormonal dysregulation,
oxidative stress, and endothelial dysfunction as common contributors to both conditions. Additionally, we
evaluate lifestyle and pharmacological interventions targeting MetS and their impact on BPH progression.
Understanding the interplay between MetS and BPH may provide new avenues for prevention and treatment
strategies for men at risk.
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INTRODUCTION
Benign prostatic hyperplasia (BPH) is a progressive, non-malignant enlargement of the prostate gland that
commonly affects aging men[ 1, 27]. It is a major cause of lower urinary tract symptoms (LUTS), which can lead
to significant discomfort, impair daily activities, and reduce overall quality of life. BPH prevalence increases with
age, affecting approximately 50% of men in their 50s and up to 90% of those in their 80s[37]. The condition is
often managed with lifestyle modifications, pharmacological interventions, or surgical procedures, depending
on the severity of symptoms and patient preference[47]. Traditionally, BPH has been attributed to hormonal
imbalances, particularly the age-related increase in dihydrotestosterone (DHT) and alterations in androgen-
estrogen ratios[ 5 ]. However, accumulating evidence suggests that metabolic disturbances may play a crucial
role in its pathophysiology. Among these metabolic disturbances, metabolic syndrome (MetS) has emerged as a
significant risk factor for BPH development and progression[67]. MetS is a cluster of interrelated metabolic
abnormalities, including central obesity, insulin resistance, hypertension, dyslipidemia, and pro-inflammatory
states, which together increase the risk of cardiovascular diseases, type 2 diabetes, and other metabolic
disorders[77]. Recent epidemiological and clinical studies indicate a strong association between MetS and BPH,
suggesting that these two conditions may share common pathophysiological mechanisms[87. Several molecular
pathways, including chronic inflammation, oxidative stress, hormonal dysregulation, and endothelial
dysfunction, have been proposed as potential links between MetS and BPH. These shared mechanisms raise the
question of whether MetS directly contributes to BPH progression or if their coexistence is merely coincidental
due to common risk factors such as aging and sedentary lifestyle[97. The link between MetS and BPH is
complex and multifactorial. Several key mechanisms have been proposed to explain this association, including
chronic inflammation, oxidative stress, hormonal imbalances, and vascular dysfunction. Chronic low-grade
inflammation is a hallmark of both MetS and BPH[ 107. Adipose tissue, particularly visceral fat, is a major source
of pro-inflammatory cytokines, including tumor necrosis factor-alpha (TNF-a), interleukin-6 (IL-6), and
interleukin-1 beta (IL-1f). These cytokines contribute to systemic inflammation and may promote prostatic
tissue proliferation[ 11, 127. Histopathological studies have revealed that prostate tissues from BPH patients
often exhibit inflammatory infiltrates, suggesting a role for immune-mediated mechanisms in disease
progression. Inflammatory pathways activate nuclear factor-kappa B (NF-kB) signaling, which enhances the
expression of growth factors such as transforming growth factor-beta (TGF-f) and vascular endothelial growth
factor (VEGF), leading to increased stromal proliferation and fibrosis in the prostate[137]. Oxidative stress,
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characterized by an imbalance between reactive oxygen species (ROS) production and antioxidant defenses, is
another crucial link between MetS and BPH. Hyperglycemia, insulin resistance, and dyslipidemia in MetS
contribute to excessive ROS generation, which damages cellular structures and promotes prostatic hyperplasia.
Studies have shown that oxidative stress markers, such as malondialdehyde (MDA) and superoxide dismutase
(SOD), are elevated in both MetS and BPH patients[ 14, 15]. ROS also activate inflammatory pathways and
contribute to mitochondrial dysfunction, further exacerbating prostate tissue remodeling and fibrosis. Vascular
dysfunction is a key component of MetS that may contribute to BPH pathogenesis. Hypertension and
dyslipidemia impair endothelial function, reducing nitric oxide (NO) availability and leading to vascular
insufficiency. Since the prostate is highly vascularized, compromised blood flow may result in ischemia, tissue
hypoxia, and compensatory stromal proliferation[ 167. This mechanism is similar to what is observed in erectile
dysfunction, another condition closely associated with MetS[177]. The growing body of evidence supporting a
link between MetS and BPH highlights the importance of a holistic approach to managing prostatic enlargement
in aging men. Shared pathophysiological mechanisms, including chronic inflammation, oxidative stress,
hormonal imbalances, and vascular dysfunction, suggest that metabolic interventions may offer new therapeutic
opportunities[17]. Future research should focus on elucidating causal relationships and identifying targeted
treatment strategies that address both MetS and BPH simultaneously.
Epidemiological Evidence Linking Metabolic Syndrome and BPH
Several population-based studies suggest a significant correlation between MetS and BPH. Research indicates
that men with MetS have a higher prevalence and severity of BPH compared to those without MetS. The
individual components of MetS—particularly obesity, insulin resistance, and hypertension—have been
independently associated with prostate enlargement and LUTS severity[18, 197.
Obesity and BPH: Central obesity, marked by increased visceral fat, is a major risk factor for BPH. Adipose
tissue functions as an endocrine organ, secreting pro-inflammatory cytokines such as tumor necrosis factor-
alpha (TNF-a) and interleukins, which may contribute to prostate tissue inflammation and hyperplasia[11, 197.
Insulin Resistance and BPH: Insulin resistance, a hallmark of MetS, may drive BPH progression through
hyperinsulinemia, leading to increased insulin-like growth factor (IGF-1) signaling, which promotes prostatic
stromal and epithelial proliferation[207].
Hypertension and BPH: Endothelial dysfunction and chronic vascular changes associated with hypertension
may impair prostatic blood flow, inducing tissue hypoxia and oxidative stress, further exacerbating BPH[217].
Dyslipidemia and BPH: Altered lipid metabolism, characterized by elevated LDL and reduced HDL levels,
contributes to chronic inflammation and oxidative stress, creating a conducive environment for prostatic
hyperplasia[227].
Pathophysiological Mechanisms Connecting Metabolic Syndrome and BPH
Chronic Inflammation
Inflammation serves as a crucial link between metabolic syndrome (MetS) and benign prostatic hyperplasia
(BPH), contributing to the pathophysiological mechanisms that exacerbate lower urinary tract symptoms
(LUTS)[237]. MetS is characterized by a cluster of metabolic abnormalities, including insulin resistance, central
obesity, dyslipidemia, and hypertension[237. These factors promote a state of chronic low-grade inflammation,
which plays a pivotal role in the initiation and progression of BPH. Elevated levels of pro-inflammatory
cytokines and mediators such as C-reactive protein (CRP), tumor necrosis factor-alpha (TNF-a), and
interleukin-6 (IL-6) have been detected in both MetS and BPH, indicating a shared inflammatory pathway[247].
One of the primary mechanisms through which inflammation contributes to BPH involves the activation of
immune cells and the release of inflammatory cytokines. In MetS, adipose tissue dysfunction leads to an
increased release of pro-inflammatory adipokines, which in turn enhance systemic inflammation[257. This
inflammatory milieu fosters the recruitment of immune cells such as macrophages and T lymphocytes to the
prostate tissue, where they promote oxidative stress, cellular proliferation, and fibrosis. The persistent presence
of inflammatory mediators within the prostate microenvironment results in tissue remodeling, excessive stromal
proliferation, and glandular hyperplasia, ultimately leading to increased prostate volume and the exacerbation
of LUTS[257]. Chronic inflammation also disrupts normal androgen signaling, further exacerbating prostate
enlargement. IL-6 and TNF-a are known to modulate androgen receptor (AR) activity, altering the balance
between epithelial and stromal cell growth in the prostate.[267] This dysregulation contributes to the
development of hyperplastic nodules, a hallmark of BPH. Additionally, inflammatory cytokines induce the
expression of growth factors such as transforming growth factor-beta (TGF-B) and fibroblast growth factor
(FGF), both of which play a role in stromal expansion and fibrosis. Over time, this leads to reduced elasticity of
the prostate and surrounding tissues, further worsening urinary obstruction and LUTS[267]. Another
significant consequence of inflammation in BPH is its impact on vascular function. Patients with MetS often
exhibit endothelial dysfunction and impaired microcirculation due to systemic inflammation and oxidative
stress. In the prostate, these vascular abnormalities reduce blood flow, leading to ischemic injury and subsequent
hypoxia.[277] Hypoxia-inducible factors (HIF's) are activated in response to reduced oxygen availability, further
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stimulating the expression of inflammatory cytokines and growth factors that promote prostate cell proliferation
and fibrosis. This creates a vicious cycle in which inflammation, hypoxia, and tissue remodeling continuously
reinforce each other, exacerbating BPH progression[27]. The interplay between inflammation, metabolic
dysfunction, and prostate growth highlights the need for therapeutic interventions that target inflammatory
pathways. Anti-inflammatory agents, such as nonsteroidal anti-inflammatory drugs (NSAIDs) and cytokine
inhibitors, have shown potential in reducing prostate inflammation and alleviating LUTS in BPH patients with
MetS[287]. Lifestyle modifications, including weight loss, dietary changes, and increased physical activity, can
also help mitigate inflammation and improve overall metabolic health, thereby reducing the severity of BPH
symptoms. In sum, chronic inflammation acts as a critical link between MetS and BPH by promoting immune
cell infiltration, oxidative stress, androgen dysregulation, and vascular dysfunction. Understanding these
mechanisms can aid in the development of targeted therapies that address both metabolic and inflammatory
aspects of BPH, ultimately improving patient outcomes.[287].
Hormonal Dysregulation
Metabolic Syndrome (MetS) is a cluster of conditions that includes central obesity, insulin resistance,
dyslipidemia, and hypertension, all of which contribute to systemic inflammation and endocrine disruption[297.
One of the key consequences of MetS is its impact on hormonal balance, particularly the dysregulation of
androgens and estrogens, which play a crucial role in the development and progression of benign prostatic
hyperplasia (BPH). Several mechanisms link MetS to hormonal imbalances that contribute to prostatic
enlargement and increased risk of lower urinary tract symptoms (LUTS) in aging men[297].
Testosterone and Dihydrotestosterone (DHT)
Testosterone, the primary male androgen, is essential for normal prostate growth and function. However, its
levels naturally decline with age, which is often accompanied by compensatory hormonal shifts that can impact
prostatic tissue[307]. Despite lower systemic testosterone levels in older men, the enzyme 5a-reductase, which
is highly expressed in prostatic tissue, converts testosterone into its more potent metabolite,
dihydrotestosterone (DHT). DHT is a crucial driver of prostatic cell proliferation, and evidence suggests that
in obese individuals with MetS, the increased activity of 5a-reductase leads to an excessive accumulation of
DHT within the prostate[807. This localized elevation of DHT, despite systemic testosterone decline, may
promote prostate enlargement and the progression of BPH. Additionally, insulin resistance, a hallmark of MetS,
has been shown to reduce sex hormone-binding globulin (SHBG) levels. SHBG binds to circulating androgens,
regulating their bioavailability. Lower SHBG levels in individuals with MetS result in increased levels of free
testosterone, which is more readily converted to DHT, further exacerbating prostate overgrowth[307.
Estrogenic Influence and the Androgen-to-Estrogen Ratio
Adipose tissue is a key endocrine organ that influences sex hormone metabolism. In individuals with MetS and
obesity, adipose tissue expresses higher levels of aromatase, the enzyme responsible for converting androgens
into estrogens[317]. This leads to an altered androgen-to-estrogen ratio, favoring estrogen dominance.
Estrogens, particularly estradiol (E2), have been implicated in the pathogenesis of BPH by promoting stromal
proliferation and fibrotic changes within the prostate. Studies suggest that estrogenic signaling within the
prostate is mediated through estrogen receptor alpha (ERa) and estrogen receptor beta (ER). While ERP has
been associated with anti-proliferative and anti-inflammatory effects, ERa activation is linked to prostatic
hyperplasia and inflammation. Increased estrogen levels due to obesity and MetS may enhance ERa-mediated
pathways, driving fibroblast proliferation and extracellular matrix deposition in the prostate, ultimately
contributing to prostate enlargement and LUTS[327.
Leptin and Adipokines in Prostate Growth
Leptin, an adipokine primarily produced by adipose tissue, plays a critical role in energy homeostasis and
metabolic regulation. However, in the context of obesity and MetS, leptin levels are chronically elevated, leading
to leptin resistance. Elevated leptin levels have been shown to exert mitogenic effects on prostate cells by
stimulating proliferative and inflammatory pathways[837. Leptin activates key signaling pathways, including
Janus kinase/signal transducer and activator of transcription (JAK/STAT), phosphoinositide 3-kinase (PI8K),
and mitogen-activated protein kinase (MAPK), all of which contribute to increased prostate cell
proliferation[837]. Additionally, leptin-induced inflammation promotes the release of pro-inflammatory
cytokines such as interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-a), further exacerbating BPH
pathogenesis. MetS-induced hormonal imbalances, particularly increased DHT accumulation, altered estrogenic
signaling, and elevated adipokines, create a pro-growth and pro-inflammatory environment in the prostate[347].
Understanding these mechanisms highlights the importance of metabolic health in mitigating the risk and
progression of BPH, offering potential therapeutic targets for intervention.
Oxidative Stress and Endothelial Dysfunction
Metabolic syndrome (MetS) is associated with heightened oxidative stress due to excessive reactive oxygen
species (ROS) production, which plays a crucial role in the pathophysiology of benign prostatic hyperplasia
(BPH). ROS accumulation in the prostate leads to several pathological changes, including[[85, 367:

This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited

Page | 17



https://www.eejournals.org Open Access

a. DNA Damage and Aberrant Cellular Proliferation
Oxidative stress-induced DNA damage occurs through the oxidation of nucleotides, strand breaks, and
mutations in key regulatory genes. This genomic instability may activate oncogenic pathways while impairing
tumor suppressor functions, thereby promoting uncontrolled cellular proliferation. In BPH, increased cell
division leads to the expansion of the prostate gland, contributing to urethral compression and lower urinary
tract symptoms (LUTS). Moreover, chronic inflammation associated with MetS exacerbates ROS generation,
further stimulating epithelial and stromal cell proliferation via pathways such as NF-xB and PISK/Akt.
b. Microvascular Dysfunction and Tissue Hypoxia
ROS overproduction reduces nitric oxide (NO) bioavailability, a critical molecule for vascular homeostasis. NO
depletion leads to endothelial dysfunction, resulting in diminished blood flow to the prostate and the
development of microvascular insufficiency. Hypoxia-inducible factor-1a (HIF-1a) is upregulated under these
conditions, promoting angiogenesis and fibrosis, which further aggravate prostatic enlargement. Additionally,
chronic hypoxia fosters an inflammatory microenvironment, accelerating the progression of BPH through
increased fibroblast proliferation and extracellular matrix deposition.
c. Inflammatory Signaling and Fibrosis
Persistent oxidative stress in the prostate triggers the release of pro-inflammatory cytokines such as interleukin-
6 (IL-6), tumor necrosis factor-alpha (TNF-a), and transforming growth factor-beta (TGF-f3). These cytokines
enhance fibroblast activation and extracellular matrix remodeling, leading to stromal expansion and fibrosis—
hallmarks of advanced BPH. Furthermore, oxidative stress-mediated activation of cyclooxygenase-2 (COX-2)
contributes to chronic inflammation, exacerbating oxidative damage and sustaining a pro-proliferative
environment.
d. Mitochondrial Dysfunction and Apoptosis Resistance
ROS-driven mitochondrial dysfunction disrupts normal apoptotic signaling, allowing hyperplastic prostatic
cells to evade programmed cell death. Dysfunctional mitochondria contribute to metabolic reprogramming,
favoring glycolysis over oxidative phosphorylation, a hallmark of proliferative disorders. This metabolic shift
supports continued prostatic growth despite the presence of cellular stressors.
d. Hormonal Dysregulation and Androgen Receptor Activation
Oxidative stress alters steroid hormone metabolism, leading to increased conversion of testosterone to
dihydrotestosterone (DHT) via upregulation of 5a-reductase. DHT, a potent androgen, drives prostate cell
proliferation through androgen receptor (AR) activation. Additionally, ROS-induced lipid peroxidation
generates bioactive aldehydes such as 4-hydroxynonenal (4-HNE), which can enhance AR signaling, further
promoting prostatic hyperplasia. The interplay between oxidative stress, inflammation, and metabolic
dysregulation in MetS creates a pro-proliferative and hypoxic microenvironment in the prostate, accelerating
BPH progression. Targeting oxidative stress through antioxidant therapies, NO modulation, and metabolic
interventions may provide novel strategies for mitigating prostatic enlargement in individuals with MetS.
Autonomic Nervous System Dysregulation
Metabolic syndrome (MetS) has been closely associated with increased sympathetic nervous system (SNS)
activity, which plays a crucial role in the pathophysiology of lower urinary tract symptoms (LUTS), particularly
in benign prostatic hyperplasia (BPH).[37] The heightened SNS activity observed in MetS patients leads to
excessive stimulation of a-adrenergic receptors in the prostate and bladder neck, resulting in increased prostatic
smooth muscle tone[377]. This heightened muscle tone exacerbates urinary symptoms such as weak stream,
nocturia, and increased voiding difficulty. Sympathetic hyperactivity also contributes to bladder outlet
obstruction (BOO), a major factor in the progression of LUTS associated with BPH. BOO arises due to both
static and dynamic components—where the static component involves prostatic enlargement compressing the
urethra, and the dynamic component is mediated by increased adrenergic signaling that leads to excessive
contraction of the prostate and bladder neck[ 387. This results in increased urethral resistance, impaired bladder
emptying, and secondary changes in bladder function such as detrusor overactivity or impaired contractility.
Moreover, chronic SNS overactivity in MetS is linked to systemic inflammation, oxidative stress, and endothelial
dysfunction, which may further exacerbate LUTS by promoting prostatic hyperplasia, fibrosis, and reduced
nitric oxide-mediated relaxation of the smooth muscle. This interplay between metabolic dysregulation and
autonomic dysfunction highlights the complex mechanisms through which MetS worsens[387] BPH-related
urinary symptoms, emphasizing the need for therapeutic strategies targeting both metabolic control and
sympathetic inhibition to alleviate LUTS in affected individuals.
Therapeutic Implications and Management Strategies
Lifestyle Interventions
Given the strong association between MetS and BPH, lifestyle modifications may serve as a primary strategy
for mitigating BPH risk and progression:
Weight Loss: Reducing central obesity through dietary changes and exercise decreases inflammatory markers
and improves insulin sensitivity, potentially alleviating BPH severity.
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Exercise: Regular physical activity enhances endothelial function, reduces sympathetic activity, and modulates
hormone levels, beneficially impacting both MetS and BPH.
Dietary Modifications: A Mediterranean diet, rich in polyphenols and healthy fats, may reduce oxidative stress
and inflammation, slowing BPH progression.
Pharmacological Approaches
Several pharmacological agents targeting MetS components may also influence BPH development:
Statins: Cholesterol-lowering statins possess anti-inflammatory and antioxidant properties, which may
attenuate BPH progression.
Metformin: As an insulin-sensitizing agent, metformin reduces hyperinsulinemia and IGF-1 activity,
potentially impeding prostatic growth.
Antihypertensives: Certain antihypertensive agents, such as angiotensin receptor blockers (ARBs), exhibit
anti-inflammatory effects that could benefit BPH management.
5-Alpha Reductase Inhibitors (5-ARIs): Drugs like finasteride and dutasteride inhibit DHT synthesis,
mitigating BPH symptoms, although their effects may be influenced by underlying MetS.
CONCLUSION
The growing body of evidence supports the notion that MetS and BPH share common pathophysiological
mechanisms, including chronic inflammation, hormonal imbalances, oxidative stress, and endothelial
dysfunction. This interplay suggests that BPH in men with MetS is more than a coincidence, highlighting the
need for integrated management strategies. Addressing MetS through lifestyle and pharmacological
interventions may not only mitigate cardiovascular risks but also serve as a novel approach to preventing or
alleviating BPH progression. Future research should explore targeted therapies that simultaneously address
both conditions, improving patient outcomes.
Future Directions
Further studies are needed to:

L. Elucidate the molecular mechanisms linking MetS to BPH at the genetic and epigenetic levels.
ii. Develop novel therapeutic agents targeting shared metabolic and inflammatory pathways.
iil. Investigate the long-term effects of MetS interventions on BPH progression through large-scale,
longitudinal studies.
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