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Although the relationship between increasing age and the prevalence of
histologic benign prostatic hyperplasia (BPH), prostate inflammation,
high-grade intraepithelial neoplasia, atypical small acinar proliferation,
and prostate cancer has been understood for some time, our understanding of the interrelationships between prostate diseases beyond
epidemiologic associations is evolving. Furthermore, we are just beginning to unravel how these relationships may affect ageing men, in terms
of their effects on bladder function, resultant lower urinary tract symptoms, sexual dysfunction, and overall quality of life. There is increasing
evidence of a role for inflammation in the development of prostate
cancer and also in precipitating symptoms and acute urinary retention
in men with BPH. Furthermore, experimental and clinical trial evidence
demonstrates the importance of androgens, particularly dihydrotestosterone, in the development and maintenance of a number of prostate
disorders. Although the theoretical role of the 5a-reductase inhibitors in
the prevention of prostate cancer was hypothesised almost 20 yr ago, it
was not until recently that the Prostate Cancer Prevention Trial demonstrated their benefit. Taken together with their effects on BPH, and
putative benefits on chronic prostate inflammation, it is possible that
the 5a-reductase inhibitors may have a broader role in the maintenance
of prostate health and that they could provide concomitant benefits
across a wider spectrum of prostate disease. Such a strategy has profound implications for the screening, detection, and long-term management of prostate disease in ageing men.
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1.

Introduction

Our views on prostate health and disease in ageing
men are changing. In the past, we have considered
histologic benign prostatic hyperplasia (BPH),
prostate inflammation, high-grade intraepithelial

neoplasia (HGPIN), atypical small acinar proliferation (ASAP), and prostate cancer as having epidemiologic relationships, principally their association
with increasing age [1–3]. However, our understanding of the interrelationships between prostate
diseases beyond epidemiologic associations is
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evolving, and pathologic links between these disorders are emerging. The overlay of different pathologic mechanisms within the prostate, for example,
inflammation and hyperplasia, may produce clinical
profiles that reflect the underlying pathology. We are
just beginning to unravel how these relationships
may ultimately affect ageing men, not only in
symptomatic terms for their effects on bladder
function, resultant lower urinary tract symptoms
(LUTS), sexual dysfunction, and overall quality of life,
but also ultimately their risk for developing premalignant conditions and prostate cancer. This
article explores these relationships and examines
the implications they may have for the future
management of prostate health in the ageing man.
2.

BPH, detrusor instability, and LUTS

2.1.

Epidemiology and natural history

The association of histologic BPH with increasing age
has been confirmed by many epidemiologic studies,
with the prevalence reaching almost 100% in the
most elderly men [4]. The equally well-documented
association of LUTS with increasing age, with the
prevalence of significant symptoms increasing in a
linear fashion [4,5], is often attributed to underlying
BPH. However, it is becoming evident that such a view
may be overly simplistic. Men with LUTS often have
both storage symptoms (frequency, urgency, incontinence, nocturia, and pain) as well as emptying
symptoms (weak stream, hesitancy, incomplete
emptying, urinary retention, postvoid dribbling,
and pain), and therefore have symptoms concordant
with detrusor instability. Indeed the National Overactive Bladder Evaluation (NOBLE) study unexpectedly demonstrated that the prevalence of overactive
bladder (OAB) is similar in men and women, although
the classic symptom of urge incontinence was found
in only 16% of men versus 55% of women [6]. Taken
together, these data suggest a significant epidemiologic relationship between bladder outlet obstruction
(BOO), detrusor overactivity, and LUTS in ageing men.
Such a relationship has recently been confirmed in a
study of 114 men, which demonstrated that men with
detrusor overactivity and a positive ice water test
(IWT) had greater mean prostate volume, prostatespecific antigen (PSA) and BOO index values, and
lower maximum flow rate (Qmax) than those without
overactivity and with a negative IWT [7].
2.2.

Pathologic linkage

From the discussion above, it appears likely that
LUTS in ageing men can be caused by overlapping
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pathophysiologic mechanisms, with detrusor
instability playing a part in addition to BOO from
BPH. It has been hypothesised that such mixed
pathophysiology may contribute to individual variation in response to treatment and may explain
why LUTS are not fully ameliorated in a significant
minority of men following prostatectomy [8],
although detrusor underactivity may also play a
role in long-term treatment failure [9]. If this
hypothesis is correct, it could be expected that
combining agents with recognised benefits in BOO
and OAB may be beneficial in men in whom
concomitant pathophysiologic mechanisms are
evident. This hypothesis has been examined in a
study of 144 men with BOO and LUTS who were
divided into two groups based on the presence or
absence of involuntary detrusor contractions [10].
The response to a-blocker therapy was markedly
lower at 3 mo in men with BOO and OAB versus
those with BOO alone (35% with BOO and OAB
reported symptomatic improvement versus 79%
with BOO alone). Among those with no improvement in symptoms at 3 mo, 73% of those with BOO
and OAB improved with the addition of tolterodine
versus 38% of those with BOO alone. Although these
data are from a small and nonrandomised study,
they do suggest that OAB may contribute to LUTS in
some men with BOO [11].

3.

BPH and prostatitis

3.1.

Epidemiology and natural history

It is intuitive that prostatitis and BPH are likely to
coexist in ageing men, and indeed, epidemiologic
data suggest that this is the case. One study
identified that among those with self-reported
prostatitis, 57% had a history of BPH compared
with 17% of those who did not report prostatitis [2].
These data are supported by those of a recent largescale study, which demonstrated that men with a
history of prostatitis were twice as likely to have a
history of BPH, and had significantly higher
scores on the American Urological Association
Symptom Index (AUA-SI) [12]. Conversely, in a
recent analysis of a study that recruited 5096 men
from a number of countries, about 20% of those
sexually active men with LUTS suggestive of BPH
reported pain or discomfort on ejaculation [3].
These men had more severe LUTS, greater bother,
and a higher prevalence of sexual dysfunction
than those without symptoms suggestive of prostatitis. Furthermore, on histologic analysis, prostatitis was found to be associated with BPH, with an
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increased prostate volume associated with their
coexistence [13].
3.2.

Pathologic linkage

The epidemiologic data suggest that men with
coexistent BPH and prostatitis are likely to have
more severe, progressive BPH. To clarify the relationship between prostate inflammation and BPH, a
biopsy substudy of the Medical Therapy of Prostatic
Symptoms (MTOPS) study (n = 1198), of whom 45%
had evidence of acute (2.6%) or chronic (42.8%)
prostatic inflammation, has recently been completed [14]. Men with inflammation had a significantly higher mean prostate volume (41.1 vs. 36.8 cc)
and serum PSA (3.3 vs. 2.5 ng/ml) compared with
those without inflammation. Furthermore, from an
outcome perspective, patients in the placebo group
with inflammation were more likely to have BPH
progression than those without inflammation
(21.0% with inflammation had an event vs. 13.2%
without inflammation). Although a rise in AUA-SI
was marginally more likely in men with inflammation versus those without (13.7% vs. 11.2%), the most
striking finding was the lack of acute urinary
retention (AUR) events in men without inflammation compared with a 5.6% risk in those with
inflammation ( p = 0.011; Fig. 1). These data, for the
first time, provide evidence of the role of inflammation in BPH, demonstrating that the presence of
chronic inflammation may be a key factor in BPH
progression.

Fig. 1 – Progression events in the Medical Therapy of
Prostatic Symptoms study by the presence or absence of
inflammation on biopsy [14].

epidemiologic links between prostate cancer and
prostatitis are limited because of the high prevalence of prostatitis in biopsy specimens [19] and the
increased likelihood of a biopsy in men with
prostatitis symptoms [20]. A further confounding
issue is the observation that prostatitis symptoms
are poorly correlated with the prevalence of inflammation in prostate biopsies [21]. However, evidence
from epidemiologic studies suggests that prior
prostatitis is indeed a marker for the development
of prostate cancer [12,22].
4.2.

4.

Prostatitis and prostate cancer

4.1.

Epidemiology and natural history

Another epidemiologic relationship that has
recently been examined in greater detail is the
association between prostate inflammation and
prostate cancer. Prostate cancer remains by some
margin the most common malignancy in men, and
although mortality is lower than in other common
malignancies, prostate cancer is the second most
common cause of malignant death in men [15]. The
almost ubiquitous nature of prostate cancer in the
‘‘old old’’ has been documented from autopsy
studies for many years, although the prevalence
has decreased in the PSA era [16]. The true
prevalence of infectious and noninfectious prostatitis has been more difficult to gauge: prostatitis-like
symptoms are reported to occur in 5–10% of men
[17]; however, diagnosed prostatitis in a clinic
population is on the order of 3% [18]. Data examining

Pathologic linkage

Although the role of inflammation in the pathogenesis of prostate cancer has not been fully defined, a
number of potential mechanisms exist that suggest
such a link (Fig. 2) [20,23]. For example, the
association between sexually transmitted infections
(regardless of the pathogen involved) and the
incidence of prostate cancer suggest a link [24].
Interestingly, two genes that are candidates for
prostate cancer susceptibility, MSR1 and RNASEL,
both encode proteins involved in the host response
to infection [25,26]. In the late 1990s, it was proposed
that proliferative inflammatory atrophy (PIA), a
lesion commonly found in the prostate periphery,
may, in fact, be a precursor to prostate cancer [27].
These areas of atrophy, which contain proliferative
epithelial cells that do not differentiate into columnar cells, have been observed adjacent to both PIN
and cancer and also contain somatic gene abnormalities similar to these cell types [28]. The hypothesis
is that PIA occurs as a response to oxidants released
during inflammation, and, indeed, these lesions
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Fig. 2 – Hypothetical role of inflammation as a precursor to prostate cancer [20].

show evidence of expression of glutathione Stranferases and cyclooxygenase-2, both of which
are expressed in cells where oxidative stress is
present [29,30]. At this time, though, we lack
definitive proof that infection or inflammation has
a role in the pathogenesis of prostate cancer, and
this area therefore warrants further scrutiny [31].

5.

Implications for urologic practice

These observations have a number of implications
for clinical practice. First, prostatic inflammation is
a potential confounder in the diagnosis of prostate
disease because the presence of inflammation does
not correlate with symptoms [21], and furthermore,
men with prostate inflammation are more likely to
have a higher PSA value, potentially confounding
prostate cancer screening [32]. Second, the observation that the manifestations of prostate pathology
may reflect a continuum of progressive disease,
with interrelationships between inflammation and
benign and malignant growth of the prostate,
suggests that earlier, preventive therapy may have
a role in the maintenance of prostate health.
The central role of androgen stimulation in the
development of prostate disease suggests that
inhibition of 5a-reductase may have a role in
restoring the imbalance between cell proliferation
and death seen in the development of prostate
disorders. Studies in cell lines, animals, and humans
have confirmed that 5a-reductase inhibitors
(5-ARIs) have a significant benefit in ameliorating
prostate epithelial proliferation and enhancing
apoptosis [33–35]. The clinically demonstrated benefits of these effects include the treatment of

symptoms and prevention of BPH progression to
AUR and BPH-related surgery through sustained
reductions in prostate volume [36–38]. The role of
OAB in BPH symptomatology needs further exploration; it may be that subsets of men with LUTS require
more complex medical management to ensure longterm amelioration of their symptoms, in addition to
the preventive and symptomatic benefits observed
with 5-ARI therapy and the symptomatic benefits
observed with a-blocker therapy.
In theory, reduction of the androgenic drive to the
prostate through 5a-reductase inhibition could have
a number of potential benefits in men with chronic,
nonbacterial prostatitis. First, the 5-ARIs are known
to reduce prostate volume, which could have an
impact on BOO associated with prostatic inflammation. Second, evidence from animal models of
chronic prostatitis indicates that the balance
between androgens and oestrogens may influence
not only the development but also the persistence
and degree of severity of the disease [39]. During the
Prostate Cancer Prevention Trial (PCPT), there was a
lower prevalence of prostatitis in the finasteride
group versus the placebo group (6.1% vs. 4.4%),
suggesting that these theoretical effects may result
in clinical benefits [40]. However, the PCPT was not
designed to examine this issue directly.
A recent pilot study has been completed to
compare 6 mo of finasteride treatment and placebo
in men with National Institutes of Health (NIH) IIIA
(chronic inflammatory) prostatitis [41]. This small
study demonstrated a lower symptom score at 6 mo
in men treated with finasteride versus placebo. Another small-scale study, which recruited men with
NIH III prostatitis, compared daily finasteride treatment with saw palmetto over 1 yr of therapy [42].
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Fig. 3 – Demonstrated (bold) and putative (italics) role of 5areductase inhibitors in the management and prevention of
prostate disease.

Symptom scores were reduced from baseline to end
point in the finasteride group but not in the saw
palmetto group. Much additional work is needed to
establish the roles of androgens in the development
and maintenance of prostatitis, and data from largescale studies are needed to clarify the apparent
effect of 5-ARIs in its management. The Reduction
by Dutasteride of Prostate Cancer Events (REDUCE)
study, which is examining the potential of dutasteride in the chemoprevention of prostate cancer over
4 yr, is also evaluating its effects on prostatitis using
the NIH Chronic Prostatitis Symptom Index and
histopathologic evaluation and may shed further
light on the role of 5-ARIs in the treatment of
prostatitis [43].
The theoretical role of 5-ARIs in the prevention of
prostate cancer was hypothesised almost 20 yr ago,
but it was not until recently that the PCPT has
demonstrated that the type-2 selective 5-ARI,
finasteride, reduces the 7-yr prevalence of prostate
cancer in a broad population of men [40]. Taken
together with their effects on BPH, and putative
benefits on chronic prostate inflammation, it is
possible that the 5-ARIs may have a broader role in
the maintenance of prostate health and that they
could provide concomitant benefits across a wider
spectrum of prostate disease (Fig. 3). The 5-ARIs
may, therefore, be able to offer both active treatment
(BPH, prostatitis) and prevention (BPH progression,
transition from benign tissue to HGPIN to prostate
cancer). Such strategies have profound implications
for the screening, detection, and long-term management of prostate disease in ageing men.
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