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Abstract Benign prostatic hyperplasia (BPH) and associated
lower urinary tract symptoms (LUTS) are highly prevalent in
older men and represent a substantial challenge to public
health. Increasing epidemiologic evidence suggests that diabe-
tes and associated hyperglycemia and insulin resistance signif-
icantly increase the risks of BPH and LUTS. Plausible patho-
physiologic mechanisms to explain these associations include
increased sympathetic tone, stimulation of prostate growth by
insulin and related trophic factors, alterations in sex steroid
hormone expression, and induction of systemic inflammation
and oxidative stress. This article presents a comprehensive
update of the current understanding of clinical and epidemio-
logic research on diabetes and BPH/LUTS, describes hypoth-
esized pathophysiologic mechanisms linking these conditions,
and recommends future directions for research.

Keywords Benign prostatic hyperplasia - BPH - Lower
urinary tract symptoms - LUTS - Diabetes - Hyperglycemia -
Insulin resistance

Introduction

Benign prostatic hyperplasia (BPH) and associated lower
urinary tract symptoms such as weak stream, nocturia, and
urinary frequency are a highly prevalent medical condition
associated with considerable patient morbidity [1]. BPH/
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lower urinary tract symptoms (LUTS) negatively impact
health-related quality of life including work productivity, so-
cial and family relationships, mental health, and sleep quality
[2, 3]. The prevalence of BPH/LUTS is expected to grow
sharply in the coming decades [4]. It has been estimated that
by the year 2025, over 50 million adults in the USA will have
symptoms [4]. Billions are spent annually to treat BPH/LUTS
[5, 6].

Despite its significant public health impact, the pathophys-
iology of BPH/LUTS remains incompletely defined. The
causative process likely involves multiple independent and
interrelated pathways; metabolic syndrome, advanced age,
inflammation, and mental illness have all been implicated [2,
7]. Researchers have postulated the possibility of a link be-
tween the metabolic syndrome and BPH/LUTS for two de-
cades [8¢°]. Metabolic syndrome is defined to include three or
more of the following: central obesity (waist circumference
greater than 102 cm), HDL less than 40 mg/dl, triglycerides
more than 150 mg/dl, blood pressure more than 135/
85 mmHg, and fasting plasma glucose more than 110 mg/dl.

Mounting evidence suggests that diabetes mellitus is asso-
ciated with BPH/LUTS [7, 9]. Diabetes mellitus is a chronic
disorder associated with insulin resistance and hyperglycemia
secondary to abnormal carbohydrate, fat, and protein metab-
olism. Given that diabetes mellitus can be improved with diet
and exercise and is a modifiable risk factor of disease, it
suggests that BPH can be prevented or improved through
modifications of metabolic pathways. As obesity and diabetes
reach epidemic proportions in the USA and globally, under-
standing the potential causal relationship of diabetes, hyper-
glycemia, and insulin resistance with BPH/LUTS could pro-
duce significant improvements for the health of men. Further-
more, the scope of the diabetes epidemic and the prevalence of
BPH/LUTS underscores the need to further understand their
relationship. Our objective is to review recent clinical and
epidemiologic studies (Table 1) of hyperglycemia and insulin
resistance and BPH to suggest a conceptual framework for
planning future research and clinical care.
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Definitions of BPH and LUTS in Clinical Research

Although several pathologies may potentially contribute
to BPH and the generation of BPH-associated LUTS,
there are two general mechanisms by which BPH may
induce bladder outlet obstruction: static and dynamic. The
static mechanism involves hyperplastic stromal and epi-
thelial prostate growth, which, over time, compresses the
prostatic urethra. The dynamic mechanism entails in-
creased tone of prostate smooth muscle, which is mediat-
ed by the alpha-1 adrenergic receptor: stimulation of the
alpha-1 receptors induces a contraction and corresponding
reduction in urethral lumen diameter. Obstruction of the
bladder outlet induces two pathological changes in the
structure of the bladder that may produce LUTS. First,
decreased bladder compliance causes urinary frequency
and urgency. Second, decreased bladder muscle contrac-
tility—resulting from chronic tonicity as the bladder la-
bors to overcome increased urethral pressures—may pre-
cipitate urinary hesitancy, decreased force of stream, and
high residual volumes [2, 3]. In addition to symptoms
related to BPH, LUTS can be caused by overactive blad-
der, bladder stones, urethral stricture, foreign body, and
interstitial cystitis, among others. Furthermore, when con-
sidering the relationship between diabetes and LUTS, one
must consider diabetic cystopathy, an end-organ neuropa-
thy characterized by decreased bladder sensation, increase
bladder capacity, and reduced contractility. It is estimated
that as many as 45 % of patients with diabetes have
diabetic cystography [10].

Still, these relatively straightforward explanations belie
the complexity of diagnosing and researching a disease
that most often presents with highly subjective symptoms,
has few robust objective markers, and overlaps consider-
ably with other conditions that produce urinary symp-
toms. In fact, a persistent conundrum in both diagnosing
and studying BPH is case definition. Case definitions of
BPH in epidemiologic studies vary considerably, and
measurement and detection biases are acknowledged lim-
itations of BPH research. As a result, clinical and epide-
miologic studies have used a number of objective and
subjective measures to define BPH. Objective measures
include histological analysis of prostate tissue, radio-
graphically determined prostate enlargement, decreased
urinary flow rate, prostate-specific antigen (PSA) concen-
trations, and pressure flow studies consistent with bladder
outlet obstruction. Subjective measures include history of
noncancer surgery on the prostate, physician-diagnosed
BPH, and LUTS assessment with the American Urologi-
cal Association Symptom Index (AUA-SI) or Internation-
al Prostate Symptom Score (I-PSS). Importantly, no one
definition has been shown to be any more appropriate or
robust than the others.

@ Springer

Hypothesized Mechanisms

Multiple disparate and interrelated pathways may explain the
association of diabetes-induced insulin resistance and hyper-
glycemia with BPH/LUTS (Fig. 1). First, hyperinsulinemia is
associated with increased sympathetic nerve activity [11].
This increased nerve activity may contribute to increased
prostate smooth muscle tone and subsequent bladder outlet
obstruction. Increased outlet resistance can lead to obstructive
symptoms as well as potential future irritative symptoms [12].
In addition, increased insulin concentrations secondary to
diabetes may have a trophic affect that leads to enlarged
prostate size [13]. McVary et al. demonstrated that autonomic
nervous system hyperactivity was associated with increased
LUTS and prostate size in a cohort of 38 men [13].

Second, dysregulation of the insulin-like growth factor
(IGF) axis has been implicated in the development of BPH
[14] and prostate cancer [15]. The IGF axis regulates the
physiologic and pathophysiologic growth of many organs in-
cluding the prostate [15]. Because of its structural similarity to
IGF, insulin combines to IGF receptor to enter prostate cells,
possibly causing receptor activation to induce growth and
proliferation. Another possibility is as insulin levels increase,
IBFBP-1 declines, increasing the bioavailability of IGF [9].

Third, insulin may increase the transcription of genes/
translation of proteins involved in sex hormone metabolism
influencing the prostatic hormonal milieu [16]. Alternatively,
diabetes-related insulin resistance/hyperinsulinemia/hyper-
glycemia-induced obesity may cause hormonal changes.
Hyperinsulinemia is associated with lower levels of sex
hormone-binding globulin, increasing the amount of sex hor-
mone entering prostatic cells thereby influencing growth.

Finally, researchers have suggested the chronic pro-
inflammatory state associated with metabolic syndrome, hy-
perglycemia, and hyperinsulinemia may contribute to BPH/
LUTS [17, 18]. In a recent mouse model of obesity-induced
diabetes, pronounced prostatic and urethral tissue fibrosis and
voiding dysfunction were associated with diabetic state [18].
Vignozzi, Gacci, and colleagues looked at 244 prostatectomy
specimens and determined that metabolic syndrome factors
showed a stepwise association with inflammatory histology
scores [17]. In the same study, using cell-cultured human
myofibroblast BPH cells, the authors showed that oxidized
low-density lipoprotein enhanced the production of proin-
flammatory cytokine/chemokines and growth factors.

Hyperglycemia, Insulin Resistance, and Benign Prostatic
Hyperplasia

Research investigating hyperglycemia, insulin resistance, and
benign prostatic hyperplasia has produced conflicting results
[9]. Although a substantial proportion of the existing literature
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Fig. 1 Hypothesized mechanisms of diabetes, hyperglycemia, and insu-
lin resistance in the pathogenesis of BPH/LUTS

supports an association between diabetes and BPH/LUTS,
many studies have failed to differentiate LUTS from BPH
leading to confusion. In the patient with diabetes, both condi-
tions arise through complex, potentially disparate, and over-
lapping mechanisms mediated through environmental, hor-
monal, genetic, neuropathic, and microvascular dysfunction.
There is clinical overlap between the presence of BPH and
LUTS, with LUTS being a potential manifestation of BPH.
An improved understanding whether diabetic metabolic dys-
function results in prostate growth will help determine wheth-
er diabetes-associated LUTS is related to prostate obstruction
or more closely associated with the dynamic components of
lower urinary tract function. Previous research in large part
has been hampered by reliance on cross-sectional analysis,
small sample sizes, narrow/select study populations, and in-
adequate control of potential confounding [9].

Findings from a number of previous studies suggest that
BPH may be directly related to hyperglycemia and insulin
resistance [19-21]. Others showed no association between the
conditions [22, 23], while others showed an inverse relation-
ship between diabetes and clinical BPH [24]. Multiple recent
studies have explored the association of diabetes, hyperglyce-
mia, and insulin resistance with BPH [25-29, 30e, 31]. In a
prospective population-based cohort of men from Michigan
(n=2226), Sarma et al. examined the annual change of pros-
tate volume and total PSA in men with and without diabetes.
Men with diabetes were stratified by medication status. The
annual change in prostate volume in total PSA were not
statistically different across groups. In a multivariable logistic
regression model, after adjusting for age and race, compared
to men without diabetes, men with diabetes on or off medica-
tions did not have increased odds of having a prostate volume

@ Springer

greater than 30 cm® or a PSA greater than 2.5 ng/ml [27].
Similarly, in another analysis of the Flint Men’s Health Study
subset of the Michigan population, researchers did not observe
significant associations between hyperglycemia,
hyperinsulinemia, and insulin resistance with the burden and
progression of BPH after adjusting for age and BMI [30¢].
These authors examined the homeostasis model of
assessment-insulin resistance (HOMA-IR), a validated model
that assesses the degree of insulin resistance (HOMA-IR=
fasting serum glucose x fasting serum insulin/405) and
markers of clinical BPH (LUTS severity, maximum urinary
flow rate, prostate volume, and serum PSA concentrations).
Given that LUTS and DM severity have been associated in
this population before, the authors suggest that the presence of
diabetes and subsequent poor glycemic control may be less
related to prostate growth and more related to the dynamic
components of lower urinary tract function [30¢].

In an Italian study of 271 men referred to two tertiary
centers for simple prostatectomy, increased fasting glycemia
level was not associated with a prostate volume greater than
60 cm® [29]. A convenience sample (n=117) of men older
than 60 years of age from China showed that men with
diabetes had increased prostate volume (41.18 versus
51.52 cm®, p=0.005) and increased PSA (1.94 v. 3.23, p=
0.013) [28]. In another population of elderly Chinese men (n=
401), prostate volume was correlated with fasting insulin level
(r=0.421, p=0.001), but not fasting glucose (#¥=0.091, p=
0.364) or HbAlc levels (r=0.153, p=0.127) [26]. Yim et al.
examined the relationship between metabolic syndrome and
prostate volume in men aged 30-49 who underwent
transrectal ultrasound over a 1-year period [25]. Overall, hav-
ing metabolic syndrome was not associated with a statistically
significant increase in prostate size compared to not having
metabolic syndrome in men (18.4 versus 17.8 cm®, p=0.225).
Abnormal fasting plasma glucose (=100 mg/dl) and waist
circumference (=90 cm) were both associated with larger
prostate volume compared with normal men (18.9 versus
16.9 cm®, p=0.001; 19.5 versus 17.5 cm®, p=0.001)

Hyperglycemia, Insulin Resistance, and Lower Urinary
Tract Symptoms

It is widely recognized that LUTS is a syndrome with multiple
potential etiologies of which BPH is one [9]. BPH is known to
cause LUTS by both static and dynamic mechanisms, as men-
tioned earlier. A number of large high-quality studies have
demonstrated the association of hyperglycemia and insulin
resistance with LUTS [19, 32, 33]. In the past few years,
multiple population-based reports linking diabetes with LUTS
have been reported [7, 27, 31, 34., 35, 36]. In the previously
mentioned cohort from Michigan, Sarma et al. found in a
model adjusted for age and race at baseline men with diabetes
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without medication were more likely to report irritative symp-
toms (odds ratio (OR) 95 % confidence interval (95 % CI) 2.04
(1.08-3.86)) than men with diabetes on medications (OR 95 %
CI 1.46 (1.02-2.08)) or men without diabetes (reference
group). While LUTS severity based on American Urological
Association Symptom Index (AUA-SI) and maximal urinary
flow rate less than 12 ml/s reached statistical significance in the
unadjusted model, both became nonsignificant after adjustment
for age and race. In an analysis of the separate seven domains of
the AUA-SI, only nocturia defined as waking to urinate greater
than one time per night was associated with history of diabetes.
Again, the risk was higher in men with diabetes who took no
medications (OR 95 % CI 2.4 (1.26—4.60) than those who were
taking medications (OR 95 % CI 2.2 (1.52-3.23) compared to
men without diabetes. Interestingly, in an analysis of annual
change of AUA-SI score over a 4-year period, diabetes status
did not increase or decrease AUA-SI. In another prospective
study using data from the California Men’s Health Study and
Research Program and Genes, Environment and Health, re-
searchers found type 2 diabetes to be associated with prevalent
LUTS (OR 95 % CI 1.32 (1.26-1.38) defined as a AUA-SI
score of 8 or more [34¢]. Interestingly, no association was
observed between type 2 diabetes and new-onset LUTS. Sim-
ilar to the Michigan cohort where no change in LUTS were
seen, the researchers found no influence of diabetes on incident
LUTS. In data from the Boston Area Community Health
Survey (n=1899), men with either self-reported type 2 diabe-
tes, increased blood sugar level, or diabetes medication use
were more likely to have mild (OR 95 % CI 1.95 (1.22-3.12) or
severe (OR 95 % CI 2.87 (1.56-5.31) LUTS [7]. Patients with
diabetes were more likely to have irritative then storage symp-
toms. In a case-control cohort of Taiwanese men <45, those
with diabetes compared to the control group had worse overall
International Prostate Symptom Score (IPSS) (6.1 versus 4.1,
p<0.001), worse storage (2.7 versus 2.0, p=0.02), and voiding
subdomains (3.5 versus 2.1, p<0.001) [35]. Interestingly, over-
all quality of life, uroflow Q max, and post-void residual were
no different between groups. Men with diabetes had an average
voided volume 50 ml greater than men without diabetes (p=
0.04). Finally, in a recent convenience sample from Italy (n=
544), insulin resistance was an independent predictor of severe
LUTS (IPSS>20) (OR=2.0, 95 % CI 1.20-3.34) [31].

Conclusions

Overall, these data suggest that diabetes increases the risks of
BPH and LUTS and support the concept that BPH and LUTS
to some extent are preventable disorders associated with mod-
ifiable exposures, challenging us to revisit traditional para-
digms of diagnosis and treatment. Previously, BPH and LUTS
have been viewed as immutable processes of aging resulting
from relatively nonmodifiable stimuli. This paradigm resulted

in reactive approaches to clinical management and research
that focused on the categorization and management of symp-
toms rather than on proactive identification of at-risk individ-
uals or on the design of population-based prevention
programs.

Additionally, these data suggest alternative etiologies for
BPH outside of sex-steroid hormone growth pathways includ-
ing sympathetic nervous system and/or insulin-like growth
factor activity and systemic inflammation. The elucidation of
alternate etiologies necessitates the development of novel
descriptions for BPH and LUTS. Although LUTS are the
primary clinical manifestation of BPH, they also represent a
syndrome generated by a host of bladder-related etiologies
that may or may not coexist with true pathological BPH.
Distinguishing BPH-associated LUTS from non-BPH LUTS
may reveal patterns by which diabetes influences BPH and
LUTS phenotypes, suggest new methods for diagnosis, and
allow more precise tailoring of treatments.

Regardless of etiology, the prevention of BPH and LUTS is
of substantial importance to public health. Current disease
trends in the USA suggest that, as the population ages, diabe-
tes, BPH, and LUTS will markedly increase in prevalence and
place substantial strains on finite health care resources. Future
research is therefore needed to identify the magnitude of onset
and progression of BPH associated with diabetes; elucidate
mechanisms by which diabetes exerts its effects on BPH; and
identify the most effective treatment and prevention strategies
for BPH associated with diabetes to reduce the psychosocial,
medical, and economic costs of these highly prevalent and
chronic disorders affecting men.
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