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REVIEW ARTICLE

Epidemiology and risk factors of lower urinary tract symptoms/benign
prostatic hyperplasia and erectile dysfunction

Aldo E. Calogero, Giovanni Burgio, Rosita A. Condorelli, Rossella Cannarella and Sandro La Vignera

Department of Clinical and Experimental Medicine, University of Catania, Catania, Italy

ABSTRACT
Benign prostatic hyperplasia (BPH) is very common in aging men and causes lower urinary tract
symptoms (LUTS), which decrease health-related quality of life. A number of evidence suggests
that other than ageing, modifiable factors, such as increasing prostate volume, obesity, diet, dys-
lipidemia, hormonal imbalance, hypertension, metabolic syndrome, alcohol, and smoking, also
contribute to the development of BPH and/or LUTS. More recently, erectile dysfunction (ED) has
been linked to LUTS/BPH as a part of this syndrome, suggesting that patients with BPH or LUTS
easily develop ED, and that LUTS/BPH symptoms often coexist with ED. This article focuses on
the epidemiology and risk factors of the combined phenotype LUTS/BPH – ED.
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Introduction

The term erectile dysfunction (ED) is widely mentioned
nowadays within both the medical professional and
lay public communities, and many understand its basic
meaning and reference to sexual dysfunction.
However, its clinical implications are far more exten-
sive and very likely less well understood.

The clinical condition, commonly referred to as ED,
is accurately defined as the inability to attain and
maintain a satisfactory erection of the penis to permit
sexual intercourse sufficiently [1]. Therefore, this defin-
ition is effective to establish the boundaries of the sex-
ual dysfunction among a host of male sexual
disorders. It is fair also to comprehend the term as a
descriptive symptom, in acknowledgment that it por-
trays erection difficulty or inability without specific
attribution to a medical disease. However, this sexual
dysfunction is indisputably associated with underlying
adverse health conditions and risk factors, and clinical
evaluation is used to establish the apparent clinical
association. Current biomedical advances in sexual
medicine affirm its real pathophysiologic basis and
support its strong links with clinical health and dis-
ease. Moreover, beyond its multiple associations with
health co-morbidities, ED appears also to carry long-
term health risks and adversely influence survival.

Men who recognize a defect in their ability to
achieve an erection might not immediately recognize
that ED is the problem. The quality of man’s erections

deteriorates gradually over time. Consequently, men
may be uncertain whether their erectile difficulties are
permanent or temporary [2] and may wait to see if ED
resolves on its own [3]. The most frequent reasons for
such passiveness are the belief that lack of complete
erection was part of a normal aging, sexual inactivity
caused by widowhood, lack of perception of ED as a
medical disorder, ashamed to talk with a physician
about sexuality. Moreover, the stigma or embarrass-
ment of having ED may lead to denial of the problem.
For these issues, the incidence of ED is often underval-
ued. This problem is further increased by a bad clinical
practice, in which specialists or general practitioners
do not investigate sexual habits while managing other
conditions. Many men with risk factors associated with
ED have ED, including those who had moderate or
severe dysfunction; however, the awareness of these
men of having ED is often low [4]. Considering the
impact that ED has on quality of life and that it may
often respond to treatment, ED should be suspected
and assessed in men with risk factors, such as cardio-
vascular disease or presence of cardiovascular risk fac-
tors, diabetes mellitus (DM), and lower urinary tract
symptoms (LUTS), regardless of their apparent level of
awareness of ED [4].

Benign prostatic hyperplasia (BPH) causes LUTS and
approximately 70% of men with LUTS/BPH have co-
existing ED [5]. This prevalence ranges from about
35% to 95% and increases with LUTS severity [6].
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Often patients referring to clinician for LUTS/BPH are
found to have ED and vice versa. The prevalence of
coexisting LUTS and ED increases with age; the sever-
ity of one disease often correlates with the other, with
most men who sought treatment for either LUTS or
ED having both conditions [7,8].

LUTS/BPH and ED share similar risk factors, suggest-
ing that the pathophysiology of LUTS and its underly-
ing mechanisms may be similar to those of ED.
Indeed, metabolic status, inflammation, and the hor-
monal setting may play a role in the pathogenesis of
BPH [9–15], as well as in ED [16]. Accordingly, common
therapeutic strategies are currently prospected for
these two conditions [17–24]. The main potential risk
factors for LUTS/BPH and ED are discussed below.

Age

Nowadays, sexual activity has been reconsidered for
aging men, and the concept of sex is different from
the past. Sexual activity is more common among older
men than before, being an important component of
quality of life for aging men [25]. The majority of men
between the ages of 50 and 75 years report that they
are sexually active, but many are bothered by sexual
problems, including ED. Because of LUTS/BPH treat-
ment-related sexual side effects and the known strong
association between LUTS/BPH and ED, the effects of
LUTS/BPH medical therapies on sexual function are an
important consideration when selecting the most
appropriate LUTS/BPH treatment and when monitoring
men on LUTS/BPH treatment.

Sedentary lifestyle and lack of exercise

Many evidence support the central role of exercise in
ameliorating both LUTS/BPH and ED. No daily walking
is associated with more progressive LUTS than to sta-
ble or remitting LUTS [26], and physical exercise at a
level that can decrease low-grade clinical inflammation
has been recognized as central factors influencing
both vascular NO production and erectile function.
Moreover, this lifestyle habit may have a role in reduc-
ing the burden of sexual dysfunction [27]. It can be
stated that moderate physical activity can have signifi-
cant effects in improving erectile function as well as
on serum testosterone levels. Therefore, as an inde-
pendent risk factor, there may be a role for lifestyle
measures to prevent progression or even enhance the
regression of the earliest manifestations of ED, as well
as to help stabilization or remission of LUTS/BPH.

Cigarette smoking

The past three decades have led to a compendium of
evidence being compiled into the development of a
relationship between cigarette smoking and ED. A
positive dose–response relationship suggests that
increased quantity and duration of smoking correlate
with a higher risk of ED (dose-dependent and cumula-
tive effect). The risk of ED is higher for smokers and
ex-smokers than no-smokers, but this risk is higher for
smokers than ex-smokers. It is possible that smoking
cessation can lead to recovery of erectile function, but
only if limited lifetime smoking exposure exists [28].

Studies have shown that the increased risk of ED
associated with smoking becomes statistically signifi-
cant only after 20 pack-years or more (20 cigarettes/
day for 1 year). The physiopathological mechanism
that leads to ED involves decreased penile neuronal
NOS expression, decreased endothelial integrity, and
diminished smooth muscle content. Smoking has also
been shown to impair endothelial NOS-mediated vas-
cular dilation in young men.

In addition, to the vascular damage associated with
tobacco smoking, some data suggest that it may lower
testosterone levels [29–31]. This effect may also
explain the reported relationship between smoking
and LUTS/BPH. Indeed, heavy smoking (defined as�50
pack-years) was found to increase the risk of LUTS
exacerbation, and can affect storage and voiding
symptoms. Subjects who smoked �50 pack-years in a
lifetime had greater probability of severe deterioration
of storage symptoms. Nicotine may increase sympa-
thetic nervous system activity and could contribute to
storage symptoms by increasing the tone of the blad-
der smooth muscle [32,33]. Furthermore, smoking
could cause hormonal and nutrient imbalances affect-
ing the bladder as well as collagen synthesis [34]. It
also affects bladder wall strength and detrusor instabil-
ity [35]. Therefore, it is mandatory to ask for smoking
cessation in the combined phenotype LUTS/BPH – ED
to increase chances of controlling both diseases.

Excessive alcohol intake

The role of alcohol in the development of LUTS/BPH –
ED is more difficult to establish compared to other risk
factors. The moderate consumption of alcohol may
exert a protective effect on ED in the general popula-
tion [36,37], but some studies have not confirmed this
protective role. Population-based studies showed that
low-alcohol consumption was predictor of ED [38],
and, among drinkers, the odds were lowest for con-
sumption between 1 and 20 standard drinks per week
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[22,39]. In general, the overall findings are suggestive
of alcohol consumption of a moderate quantity confer-
ring the highest protection [40]. The beneficial effects
of alcohol on erectile function may be due, in part, to
long-term benefits of alcohol on high-density lipopro-
tein cholesterol and other variables that increase the
bioavailability of NO.

Data on the association between LUTS/BPH and
alcohol consumption are conflicting. While some stud-
ies have shown that alcohol consumption is associated
with a decreased risk of BPH, others have not.
Moreover, some studies have reported an association
between alcohol and LUTS, but not BPH. Light drink-
ing (less than one per day) may increase the likelihood
of LUTS, whereas moderate-to-heavy drinking has
shown no associations with LUTS. Urgency symptoms
may be the exception, as they more likely occur
among all alcohol drinkers. A review of studies con-
cluded that daily drinking might increase the likeli-
hood of LUTS, while decrease the risk of BPH [41].
Indeed, one out of the two prospective studies exam-
ining LUTS found that daily drinking increased the risk
of moderate-to-severe LUTS over a 4-year follow-up
[42], whereas the other showed that heavier drinking
decreased the risk of high-moderate-to-severe LUTS or
medically-treated BPH over 7 years [43]. It is plausible
that light alcohol intake increases LUTS by a diuretic
effect or increasing sympathetic nervous system activ-
ity, while moderately-high alcohol intake decreases the
risk of BPH and concurrent higher-severity LUTS by
altering androgen levels [44,45]. More data are
needed to establish how to advice patients with LUTS/
BPH – ED regarding alcohol intake, but light alcohol
consumption has not strong evidence to be denied.

Depression

The Massachusetts Male Aging Study (MMAS) showed
that ED was associated with depressive symptoms
after controlling for potential aging and para-aging
confounders [46]. ED is also associated with untreated
and treated depressive symptoms. The association
between ED and depression may be disorienting in
clinical practice. Indeed, depression can be the conse-
quence of or trigger for ED, as moderate or severe
depressive mood or anti-depressant drug use may
cause ED and ED independently may cause or exacer-
bate depressive mood [47,48].

This kind of bidirectional relationship has also been
discovered for depression and LUTS/BPH: depression
can be not only developing from the pathological
condition of LUTS/BPH, but also be triggered or

exacerbated by systemic inflammation, which is also
associated with LUTS/BPH [49,50].

Hypertension and cardiovascular disease

Most men with hypothetic vasculogenic ED present at
least one traditional cardiovascular risk factor [51].
These evidences allowed the consideration of ED as a
clinical manifestation of a functional (lack of vasodila-
tion) or structural abnormality in penile circulation as
component of a systemic vasculopathy. It is well
known that ED may predict 5-years before the devel-
opment of a major coronary event in 11% of ED cases;
this, in terms of preventive medicine, means that ED
could be considered equivalent to the coronary dis-
ease [52].

The association between cardiovascular health and
ED has not always been so clear in past years. One of
the first studies to ask about sexual function among
patients with hypertension was the classic TOMHS
(The Treatment of Mild Hypertension Study) [53] and its
results contributed to the false belief that ED was rare
in this population since they found only 12.2% of men
referring any degree of sexual dysfunction at inclusion.
TOMHS excluded subjects with comorbidities, such as
DM or hyperlipidemia, older and moderate or severe
hypertension. At the end of TOMHS, ED was more fre-
quent among those patients using more antihyperten-
sive drugs or with systolic blood pressure over
140mmHg. Other trials also refuse the high prevalence
of ED among patients with hypertension [54] probably
due to the characteristics of the sample and the
method to diagnose ED.

Another issue relates to antihypertensive drugs and
ED development, is an usual popular belief to blame
medical therapy for hypertension as the main reason
of ED, especially when there is a temporal coincidence
between symptom initiation and the use of antihyper-
tensive drugs, in particular when including the “old”
diuretics and sz-blockers [53]. In almost all trials where
this topic was studied, ED was not the primary object-
ive and was assessed by patient reports instead of
questionnaire evaluation or measurement of penile
rigidity. Therefore, there is a lack of definitive evidence
even with sz-blocker and diuretics. Recently, a system-
atic analysis of trials concluded that only thiazide diu-
retics and sz-blockers, not including nebivolol, might
influence erectile function. ACE inhibitors, angiotensin
receptor blockers, and calcium channel antagonists
were reported to have no relevant or even a positive
effect on erectile function [55].

Hypertension worsens also LUTS/BPH and may
decrease the efficacy of a1-blockers, especially for the
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increased frequency and severity of storage symptoms
[56]. Moreover, men with hypertension are more likely
to have a higher IPSS and large prostate volume than
men without hypertension. This finding implicates a
pathophysiological association between hypertension
and LUTS, and the need to manage comorbid symp-
toms simultaneously [57]. It is likely that hypertension
plays a role in physiopathological mechanisms com-
mon to ED and LUTS/BPH, and focus on this modifi-
able risk factor is mandatory in clinical approach.

Hyperlipidemia

Epidemiologic data have confirmed that hyperlipid-
emia is a strong independent risk factor for the
development of ED via endothelial damage and
inflammation. Statins are first-line medical therapy for
hyperlipidemia and protect the vascular endothelium.
In fact, statins have been shown to improve endothe-
lial function prior to altering lipid levels. Various meta-
analyses have supported the conclusion that statins
improve erectile function [58].

Prostate synthesizes cholesterol at a level similar to
the liver and accumulates it in a deposit within the
gland in an age-dependent manner. More than
70 years ago, Swyer analyzed the cholesterol content
in the prostate of BPH subjects and reported that its
concentration was twice that in a normal prostate [59].
Studies on the effect of dyslipidemia on prostate are
heterogeneous, showing positive and negative
association for circulating total and HDL-cholesterol,
respectively, with prostate enlargement [60]. However,
other studies did not confirm the association. Many
observations suggest that dyslipidemia per se is not
sufficient to determine a LUTS/BPH phenotype, but
the presence of other metabolic derangements, such
as type 2DM, favors the process, because of an
unfavorable total and LDL-cholesterol particle size and
density [61].

Type 2 diabetes mellitus

Diabetic patients have a well-known increased risk of
developing ED, with prevalence ranging from 35% to
90%. In addition, patients with DM tend to develop ED
10–15 years earlier than the ED patients without DM.
They appear to present with more severe ED and suf-
fer a greater diminishment in health-related quality of
life components than the general population. ED sec-
ondary to DM is more resistant to medical manage-
ment with phosphodiesterase 5 inhibitors (PDE5i).
Moreover, poor glycemic control in patients with type

II DM contributes significantly to the development and
severity of ED.

Reactive oxygen species generated because of
hyperglycemia impacts erectile function in multiple
pathways. The chronic complications of macrovascular
changes, microvascular changes, neuropathy, and
endothelial dysfunction increase the odds that a dia-
betic man will develop ED. Furthermore, many patients
with type II DM ultimately experience the negative
impact of metabolic syndrome (MetS) on erectile func-
tion [58].

The links between LUTS/BPH and glucose metabol-
ism diseases were known since 1966 [62].
Hyperinsulinaemia/glucose intolerance and type 2DM
have been considered as potential risk factors for BPH/
LUTS based on several studies. Strong evidence corre-
lates insulin levels and prostate volume, being the first
an independent predictor of the second in symptom-
atic BPH patients aged over sixty [60], and this associ-
ation remains significant after adjusting for total
testosterone, other metabolic factors, and blood pres-
sure [63]. These findings indicate that insulin is an
independent risk factor for BPH, most probably stimu-
lating prostate growth acting on IGF receptors. More
studies are needed to establish a relation between gly-
caemic controls and control/worsening of LUTS/BPH.

Obesity/waist circumference

It is not easy to identify the sole contribution of obes-
ity to the development of ED, as it is often coexistent
with DM and hypertension. Nevertheless, data do sug-
gest that it has an independent contribution to ED,
being an independent predictor of ED. Weight loss in
obese men is also associated with a regain of normal
erectile function [58]. In worldwide conducted studies,
obesity – and in particular visceral obesity – is often
comorbid with BPH. A recent meta-analysis, including
19 studies, reported a positive association between
BMI and LUTS associated with BPH. Obesity can have a
role even in early adulthood in determining a LUTS/
BPH phenotype, as shown by a sonographic study
conducted in 222 young men seeking medical care for
couple infertility [61,64].

Hypogonadism

Testosterone is essential for erectile function.
Literature has proven the necessity of androgens to
maintain sufficient intracavernosal pressures and
smooth muscle function to obtain an erection. The lit-
erature showing the role of testosterone replacement
therapy (TRT) on erectile function is heterogeneous,
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and sometimes conflicting, showing positive correl-
ation with erectile function or no improvement. It may
be that the improvement in erectile function after TRT
is transient, or that poor control of other modifiable
risk factors for ED may have played a role against TRT.
The recently published multicenter randomized dou-
ble-blind placebo-controlled Testosterone Trial study
provides solid evidence that TRT has a positive impact
on overall sexual function in men 65 years of age or
older. This trial consisted of three separate studies:
The Sexual Function Trial, the Physical Function Trial,
and the Vitality Trial. The sexual function trial showed
that sexual activity and sexual desire were increased.
Men in the TRT group reported significantly increased
international index of erectile function (IIEF) score with
a mean improvement of 2.64 points. This provides
sound evidence that treating hypogonadism can
improve erectile function [58].

The role of androgens in determining LUTS/BPH
and the physiopathological ways that may lead to it
are still a matter of debate. Although an increased
androgen signaling is clearly implicated in the first
two waves of prostate growth (the first one at birth,
the second one at puberty – under the influence of
increasing testosterone levels), its role in the third
phase (starting at mid-late adulthood and involving
selectively the periurethral zone), is not completely
clear yet. In fact, a clear dose–response relationship
between circulating androgen levels and BPH has
never been demonstrated. In addition, during male
senescence, androgens tend to decrease and not to
increase. Several recent studies indicate that a low tes-
tosterone, more than a high one, might have a detri-
mental effect on prostate biology. In fact, LUTS can
even be lessened by androgen supplementation in
hypogonadal men [65].

Recent data indicate that not only low testosterone
but also high estradiol can favor BPH/LUTS progres-
sion. It is important to note that circulating testoster-
one is actively metabolized to estrogens and part of
testosterone hormonal activity depends upon its

binding to the estrogen receptors (ERs) that are pre-
sent in both the prostate and bladder. In addition, the
enzyme P450 aromatase that converts androgens to
estrogens is highly expressed not only in fat tissue but
also in the urogenital tract. Marmorston et al. showed
an increased estrogen/androgen ratio almost half a
century ago [66] reporting that the estrogen/androgen
ratio in 24-h urinary collections was elevated in men
with BPH, as compared to normal controls. Many stud-
ies have reported a correlation between plasma 17b-
estradiol levels and prostate volume or other features
of LUTS/BPH, while others have not. The fear of clini-
cians to start a TRT on hypogonadal men with LUTS/
BPH must be redefined based on this upcoming evi-
dence [65]. It is necessary to establish ways to deter-
mine which patients with LUTS/BPH, and even
combined phenotype LUTS/BPH – ED, may benefit
from TRT and in which terms; for this purpose, more
studies are needed [61].

Genetic predisposition

The underlying genetic mechanisms linked to LUTS/
BPH are not fully known. Animal models have shown
changes, often aging-related, in genes related to ner-
vous control, vascularization of lower urinary tract, and
smooth muscles, but these models have shown dis-
crepancies between in-vitro and in-vivo studies. More
can be added if these two models could be studied in
the same animal [67]. In addition, a correlation has
been shown between inflammatory genes and LUTS/
BPH. Genes involved in physiology of erectile function,
as well as development of ED, also involve control of
NOS genes encoding various types of neurotrophic
factors, and Kþ channel genes; these have been pro-
posed as targets for gene-based therapy when other
treatments fail [68]. Full comprehension of aberrant
signaling pathways common to LUTS/BPH and ED
could lead to a form of personalized medicine based
on gene therapy [69].

Figure 1. Risk factors of lower urinary tract symptoms/benign prostatic hyperlasia and erectile dysfunction.
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Protective factors include increased physical activity,
increased vegetable consumption, and moderate alco-
hol intake [70–72]. In particular, aerobic physical activ-
ity improves endothelial function and reduces the
chronic inflammatory response; therefore, in associ-
ation with a hypocaloric diet and pharmacological
intervention should be considered in the practical
management of this category of patients [73]. Figure 1
summarizes the main conditioning and worsening fac-
tors of the LUTS.
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