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Abstract

Recently, clinical and epidemiologic data indicating the involvement of metabolic syndrome (MetS) in the pathogenesis and progression of lower urinary tract symptom (LUTS)/benign prostatic hyperplasia (BPH) are reported. This review evaluates the reports on the influence of MetS in the development and progression of LUTS/BPH, and discusses possible clinical implications for the management and treatment of this disease. Recent studies on the epidemiological relationship between MetS and LUTS hypothesize that MetS may be associated with an overactivity of the autonomic nervous system for which hyperinsulinemia, a key element of the MetS, might be responsible. An alternative explanation is that LUTS are associated with chronic ischemia of pelvis resulting from atherosclerotic changes in blood vessels, which leads the production of reactive oxygen species, which can damage the bladder detrusor. Control of autonomic nervous system overactivity and control of chronic bladder ischemia have potential as new targets for LUTS treatment. Studies suggest an association of MetS with LUTS/BPH, although further research is needed to understand how MetS influences LUTS/BPH. MetS should be considered a new domain in basic and clinical research in patients with LUTS/BPH and as a target for treatment. 
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Core tip: Associations between metabolic syndrome (MetS) and lower urinary tract symptom (LUTS) are noteworthy. MetS treatment may have the potential to prevent LUTS from worsening as well as to prevent the occurrence of new LUTS. Medication for LUTS patients with MetS should not only target the lower urinary tract, but should also be recognized as systemic treatment. Medications which are essentially thought to be unrelated to LUTS treatment may have potential for development as a specific medical tretment for LUTS with MetS. 
Ito H, Yokoyama O. Metabolic syndrome and lower urinary tract symptoms. World J Clin Urol 2014; In press
INTRODUCTION
Lower urinary tract symptoms (LUTS) are a symptom complex which decreases quality of life in both the males and females. It is known that the number of LUTS patients increases in an age-dependent manner. It has been reported that bladder outlet obstruction (BOO), which occurs in patients with benign prostatic hyperplasia (BPH), is the main factor that triggers LUTS and efforts have focused on BOO. However, recent reports have shown that various etiologies are also associated with LUTS. Metabolic syndrome (MetS) is a cluster of several metabolic abnormalities or risk factors, including visceral obesity, dyslipidemia, hypertension, insulin resistance, and glucose intolerance[1]. Recently, it has been suggested that MetS may play an integral role in LUTS/BPH etiologies. In order to improve the quality of LUTS treatment, it will be useful to understand how MetS influences LUTS.      The present review highlights current knowledge about the influence of MetS on LUTS/BPH and about the expected effect of MetS treatment on LUTS improvement. The application of this knowledge in clinical use should contribute to improvements in the treatment quality of LUTS patients with MetS. 
METS AND LUTS/BPH
Associations between LUTS/BPH and various components of MetS (obesity, hypertension, and fasting blood glucose) have been previously reported[2-4]. Moreover, cases of LUTS/BPH have also been positively associated with the number of MetS components[5]. 
It is known that hyperinsulinemia caused by insulin resistance, the core pathophysiology of MetS, may increase prostate smooth muscle tone[6],　resulting in the increased prostate volume[7,8]. The insulinlike growth factor (IGF) pathway may contribute to the relation between insulin resistance and prostate enlargement. Insulin presents a structural similarity to IGF-1 and can bind its receptor, result in activating of a complex pathway influencing proliferation of prostatic cells. Another relevant study has demonstrated that the chronic inflammation induced by MetS may lead to the prostate enlargement[9,10]. It has been proven that insulin resistance and inflammation increase as the number of MetS components increases[11]. T-cell activity in prostate with inflammation infiltrates may result in increased stromal and epithelial cell proliferation that is sustained by an autoimmune mechanism.      Repetitive tissue damage and the subsequent wound healing induced by inflammation may result in prostate enlargement[12]. 
Alternative hypotheses include overactivity of the sympathetic nervous system by hyperinsulinemia, which may lead to more sever LUTS independent of prostate enlargement, and pelvic atherosclerosis causes chronic ischemia of the bladder, which may lead to functional impairments clinically manifested as LUTS (Figure 1). 

SYMPATHETIC OVERACTIVITY AND LUTS
Insulin resistance is thought to be the central underlying mechanism of MetS and is known to cause sympathetic overactivity[13]. Recent studies trying to show the epidemiological link between MetS and LUTS hypothesize that MetS is related with increased autonomic nervous system activity for which hyperinsulinemia, a key element of MetS, might be responsible[14,15].      Briefly, hyperinsulinemia that induces increased autonomic nervous system activity results in prostate enlargement and detrusor overactivity. McVary et al[15] revealed that LUTS are related with changes in blood pressure. The important role of α1-adrenoceptor (α1-AR) in the sympathetic nerve terminals of the prostate has been indicated. It has been also indicated that dynamic obstruction is mediated by stimulation of α1-AR. Previous studies indicate a relationship between overactivity of autonomic nervous system and LUTS. Spontaneously hypertensive rats (SHRs) have been reported to void more often than normotensive control rats[16], and have also been reported to have an overabundance of sympathetic fibers innervating the bladder. Urodynamic studies on SHRs have indicated spontaneous bladder contractions at low volumes, an effect that is largely ameliorated by α1-AR blocker and appears to be mediated by increased nerve factor. Thus, sympathetic overactivity has been suggested to have relation with bladder storage function. Autonomous nervous system overactivity because of MetS might contribute to detrusor overactivity. Hammarsten et al[17] represented an association between a more rapid enlargement of prostate and diseases related with sympathetic activation, including obesity, non-insulin-dependent diabetes mellitus and treated hypertension (HT). Furthermore, it has been proven that the over input of autonomic neural stimulation to the prostate may lead to the prostatic enlargement[18]. 
CHRONIC BLADDER ISCHEMIA AND LUTS
An association among smoking, vascular risk factors and LUTS has been reported[19]. Furthermore, previous study has shown decreased bladder compliance, reduced contractile force in the bladders and increased micturition frequency in pelvic ischemic model of rabbits[20]. Various researchers have shown the influence of chronic ischemia of the bladder detrusor resulting from atherosclerotic changes in blood vessels on LUTS; specifically atherosclerosis narrows the bladder vessels. Bladder filling in atherosclerotic models results in a significant decrease in blood flow of the bladder. Repeated ischemia and reperfusion produces reactive oxygen species, which damages the tissues[21,22].      Shimizu et al[23] found that an angiotensin receptor blocker (ARB), olmesartan, protects bladder function in a chronic bladder ischemic model by recovering blood flow and decreasing oxidative stress. Protective effects of coenzyme Q10[24] and melatonin[25] on bladder hyperactivity in a chronic bladder ischemia model due to their action as antioxidants have been indicated. Treatment targeting the bladder blood flow and protection from oxidative stress caused by chronic ischemia can be a new strategy for LUTS treatment. 
MEDICINAL TREATMENT FOR LUTS
Medical treatment of voiding and/or storage symptoms is now the initial choice of therapy and α1-AR blockers remain the most widely used pharmacological agents aimed at the dynamic component of prostatic obstruction[26]. α1-ARs predominate in prostatic stroma at the mRNA and protein levels, and it is reasonable to think that they may play a role in combatting the dynamic component of obstruction[27]. Increased activity of the autonomic nervous system may result in an acceleration of the sympathetic tone of the lower urinary tract, lead to C-fibers stimulation, which in turn causes storage symptoms. By bringing these findings together, it is suggested that α1-AR-blocker exerts an suppressive effect on C-fiber urethral afferent nerves by inhibiting the muscle tone of prostate activated by HT, which may lead to improve storage symptoms. We previously showed that the effect of tamsulosin on storage symptoms was more prominent in patients with HT than in patients without it[28]. An α1-ARs subtype analysis showed that the expression levels of α1-AR mRNAs in the detrusor were equally at low densities[27], indicating that α1-AR blockers have little effect on contractility of detrusor, which in turn may have little effect on voiding symptoms. Although α1-AR-blockers improve functional obstruction in BPH, detrusor contractility may not be improved in elderly patients.
There is no special treatment for LUTS patients with MetS at the present time. Strict control of MetS may be needed. 
EFFECT OF METS TREATMENT ON LUTS
Increased physical activity have been associated with a decreased risk of LUTS[29], although the mechanism of this effect is not completely understood.      MetS patients may receive medications for HT, hyperlipidemia and diabetes.      These medications may possibly improve LUTS as well as control MetS. As the populations of LUTS and HT both increase with aging, a great number of LUTS patients receive medications for HT. Ang-II is a potent vasoconstrictor and plays an important role in the systemic renin-angiotensin system (RAS), which controls blood pressure by regulation of vascular tone and sodium homeostasis. Medications which inhibit the RAS, such as ARBs, are mainstays in HT treatment. In addition to its systemic effects, Ang-II may affect cellular proliferation and function in several organ systems, including bladder and prostate, through local RAS. It has been well established that Ang-II receptors exists in the bladder wall and Ang-II on the detrusor muscle has contractile effects[30,31]. Because Ang-II is the principal mediator of the RAS and strongly stimulates cell growth[32], researchers have also reported its possible role as a mediator in collagen production and smooth muscle growth in BOO[33,34]. Previous studies report that Ang-II induces bladder muscle contractions[30,35].      Ang-II in the bladder is known to regulate smooth muscle growth and connective tissue production[36], and has been partly associated with the pathogenesis of urinary dysfunction with subsequent outlet obstruction[37] and stress urinary incontinence in rats[38]. 
It has been proven that morphological changes are remarkable in the bladder smooth muscle cells, connective tissues, and innervation in the detrusor muscles in patients with chronic BOO[39]. It has been shown that repeated captopril administration, the angiotensin-converting enzyme inhibitor, in neonatal BOO rabbits significantly reduced the expression level in total DNA and decreased the amount of total collagen in the bladder[40]. It may hypothesized that these pathological variations in the BOO bladder may be caused by the activation of Ang-II-mediated changes. It has been indicated that urethral resistance in a rat model of stress incontinence may be reduced by the blockade of Ang-II receptors[38]. Taken together, it can be proposed that the development of BOO results in a significant change of Ang-II receptors in the lower urinary tract. It has also been indicated that the Ang-II antagonist telmisartan suppresses both the suppression of Ang-II receptors in the bladder and the bladder hypertrophy in BOO rats[37]. Consequently, telmisartan is effective in attenuating the increase in bladder weight in BOO. We previously showed that ARB administration in hypertensive patients improves LUTS[41]. One possible mechanism indicating the improvement of storage symptoms by ARB administration may be the effect of stabilization of the smooth muscle activity by down regulation of the local RAS in the bladder. It is also discussed that Ang-II may contribute in the prostate. It has been reported that RAS has been overactivated in BPH[42]. The elevated local levels of Ang-II in the prostate in BPH patients has also been reported[43]. Ang-II may have effect on cell proliferation and smooth muscle tone in the prostate via Ang-II receptors. Nevertheless, the functional role of elevated Ang-II in the prostate is not clearly understood. It is expected that ARB may improve LUTS by down regulating noradrenaline release in the prostate. Recent reports indicated that the effect of apoptosis induced by ARB in prostatic tissue of SHR[44]. ARB may improve voiding symptoms by minimizing the prostatic microenvironment, result in lowering urethral resistance. As ARB can also improve blood flow, as mentioned above, the possibility exists that ARB may improve LUTS. 
OBJECTION TO THE ASSOCIATION OF METS AND LUTS
The role of MetS in the occurrence of LUTS remains controversial. Some reports, in particular in Asian populations, found no association between MetS and LUTS[45-47]. Moreover, a report from Korea showed favorable effects of MetS on LUTS[48], that is, the opposite result. The differences in these results could stem from several factors. First, the ages of the study participants are different among studies. Second, the criteria used to define the presence of MetS or LUTS vary among studies. And third, the prevalence of MetS and BPH are lower in Asian populations. 
It is important to emphasize that most studies indicating the possible association between MetS and LUTS are derived from observational studies, which are often limited to a specific area or population. Future clinical trials are expected. 
CONCLUSION
Associations between MetS and LUTS are noteworthy. MetS treatment may have the potential to prevent LUTS from worsening as well as to prevent the occurrence of new LUTS. Medication for LUTS patients with MetS should not only target the lower urinary tract, but should also be recognized as systemic treatment. Statin and ARB, which are essentially thought to be unrelated to LUTS treatment, may have potential for development as a specific medical tretment for LUTS with MetS. 
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Figure 1 Potential role of metabolic syndrome on the lower urinary tract symptom. 
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