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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 diabetes signifi cantly increases 
the risks of BPH and LUTS. Plausible pathophysiologic 
mechanisms to potentially explain these associations 
include increased sympathetic tone, stimulation of 
prostate growth by insulin and related trophic fac-
tors, alterations in sex steroid hormone expression, 
and induction of systemic infl ammation and oxidative 
stress. This article presents a comprehensive overview 
of the current understanding of clinical and epidemio-
logic research on diabetes and BPH/LUTS, describes 
hypothesized pathophysiologic mechanisms linking 
these conditions, and recommends future directions 
for research and clinical care.

Introduction
Benign prostatic hyperplasia (BPH), the most common 
benign neoplasm in American men, most often manifests 
clinically as the progressive development of lower urinary 
tract symptoms (LUTS). Prevalence estimates based on 
autopsy and clinical studies range from 25% in men ages 
40 to 49 to more than 80% among men ages 70 to 79. In 
the United States in 2000, 4.5 million visits to physicians’ 
offi ces for a primary diagnosis of BPH occurred, 87,400 
BPH surgeries were performed on inpatients in nonfederal 
hospitals, and the direct costs of BPH treatment (exclud-
ing medications) totaled 1.3 billion dollars. Furthermore, 
it has been estimated that approximately 6.5 million men 
would be expected to meet the Agency for Health Care 

Policy and Research Diagnostic and Treatment Guidelines 
criteria for discussing treatment for BPH [1].

Despite its signifi cant public health impact, much of 
the etiology and natural history of BPH remains to be elu-
cidated. Previous causal models have focused primarily on 
sex steroid hormones (essential to normal prostate growth 
and development) and genetic susceptibility. Indeed, sup-
pression of androgen-dependent prostate growth pathways 
(with orchiectomy, luteinizing hormone–releasing hormone 
agonists, or 5-α-reductase inhibitors) remains the only inter-
vention proven to attenuate or arrest BPH progression.

However, accumulating evidence also indicates that 
diabetes mellitus, a chronic disorder of carbohydrate, fat, 
and protein metabolism, may increase the risk of BPH. 
Associations of BPH with diabetes—a modifi able risk 
factor of disease—suggest that BPH can be prevented or 
treated through modifi cations of metabolic pathways. 
Moreover, with the incidence of diabetes reaching epi-
demic proportions in the United States, a potential causal 
relationship of diabetes with BPH would have substantial 
implications for the health of the aging male popula-
tion and underscores the need to further elucidate these 
processes. Herein, we review epidemiologic associations 
and clinical studies of diabetes with BPH and suggest a 
conceptual framework for planning future research and 
clinical care (Table 1).

Defi nitions of Benign Prostatic 
Hyperplasia and Lower Urinary 
Tract Symptoms 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 mecha-
nism involves hyperplastic stromal and epithelial prostate 
growth, which, over time, compresses the prostatic urethra. 
The dynamic mechanism entails increased tone of prostate 
smooth muscle, which is mediated by the α-1-adrenergic 
receptor: stimulation of the α-1 receptors induces a con-
traction and corresponding reduction in urethral lumen 
diameter. Obstruction of the bladder outlet induces two 
pathological changes in the structure of the bladder that 
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may produce LUTS. First, decreased bladder compliance 
causes urinary frequency and urgency. Second, decreased 
bladder muscle contractility—resulting from chronic tonic-
ity as the bladder labors to overcome increased urethral 
pressures—may precipitate urinary hesitancy, decreased 
force of stream, and high residual volumes [2,3].

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 symptoms. 
In fact, a persistent conundrum in both diagnosing and 
studying BPH is case defi nition. Case defi nitions of BPH in 
epidemiologic studies vary considerably, and measurement 
and detection biases are acknowledged limitations of BPH 
research. As a result, clinical and epidemiologic studies 
have used a number of objective and subjective measures to 
defi ne BPH. Objective measures include histological analy-
sis of prostate tissue, radiographically determined prostate 
enlargement, decreased urinary fl ow rate, prostate-specifi c 
antigen (PSA) concentrations, and pressure–fl ow studies 
consistent with bladder outlet obstruction. Subjective mea-
sures include history of noncancer surgery on the prostate, 
physician-diagnosed BPH, and LUTS assessment using the 
American Urological Association Symptom Index (AUASI) 
or the International Prostate Symptom Score (IPSS). Impor-
tantly, no one defi nition has been shown to be any more 
appropriate or robust than the others.

Diabetes and Benign Prostatic Hyperplasia
A preponderance of the epidemiologic literature supports 
the concept that diabetes is associated with objective mea-
sures of BPH, most notably prostate gland size. A series of 
early cross-sectional studies from Sweden demonstrated 
that physician-diagnosed diabetes was signifi cantly asso-
ciated with increased prostate size consistent with BPH 
[4–7]. The authors observed that in patients with LUTS, 
men with diabetes had a larger prostate gland than men 
without diabetes (78 mL vs 45 mL, respectively; P = 
0.006) [6]. Furthermore, they observed that men with 
fast-growing prostate glands had a higher prevalence of 
noninsulin-dependent diabetes mellitus (P = 0.02) [5]. More 
specifi cally, these and other studies also observed signifi -
cant associations between increased insulin concentrations 
and prostate volume. Nandeesha et al. [8] conducted a case-
control study of men with and without BPH diagnosed via 
digital rectal examination and transrectal ultrasound. The 
authors observed that cases had signifi cantly higher fasting 
serum insulin and homeostatic model assessment levels than 
controls. In the Baltimore Longitudinal Study of Aging, 
men with elevated fasting glucose were threefold more 
likely and men with diabetes were twofold more likely to 
have an enlarged prostate (≥ 40 mL), as measured by MRI 
[9•]. These fi ndings suggest that BPH may be an insulin-
resistant condition, with secondary hyperinsulinemia as a 
possible etiological factor for prostate enlargement.

Boon et al. [10] examined individuals with LUTS only 
and found little difference in prostate volume, peak uri-
nary fl ow rate, and postvoid residual volume. This study, 
however, relied on a control group from a referral popula-
tion that did not meet the specifi ed exclusion criteria for 
BPH, and thus it is possible that the effect of diabetes 
on these measures was underestimated. Furthermore, in 
contrast to their fi nding for BPH surgery, the Normative 
Aging Study found a nonsignifi cant inverse association 
between diabetes and clinical BPH [11]. Finally, in the only 
recent prospective cohort study examining the infl uence of 
diabetes on the progression of BPH markers, Burke et al. 
[12••] observed that men with diabetes reported a larger 
increase in the AUASI score than those without diabetes. 
However, they found no differences in change of prostate 
volume or PSA, suggesting that the presence of diabetes 
may be less directly associated with prostate growth and 
more closely associated with the dynamic components of 
lower urinary tract function.

Studies using surgery for BPH or history of BPH 
diagnosis as the outcomes have reported mixed results. 
Although higher serum concentrations of insulin-like 
growth factor (IGF)-1 and IGF-binding protein (IGFBP)-3 
have been associated with increased risk of clinical BPH 
and BPH surgery [13,14], some studies have reported that 
men with diabetes were at higher risk [11,15], whereas 
others have reported high blood glucose levels to be 
associated with a lower risk [16]. In the Massachusetts 
Male Aging Study, men with diabetes mellitus were 1.5 
(95% CI = 0.8, 2.7) times more likely to be diagnosed 
with clinical BPH (defi ned as BPH surgery or LUTS) [17], 
whereas a decreased risk of BPH and an increased risk 
of LUTS were observed among those with diabetes in the 
California Men’s Health Study [18]. Because there is clini-
cal overlap between the presence of BPH and LUTS, with 
LUTS being the primary manifestation of BPH, they can 
be manifestations of different pathophysiologic pathways 
mediated through hormonal, environmental, genetic, neu-
ropathic, and (micro-) vascular infl uences, particularly in 
the diabetic patient [19••].

Although a substantial proportion of the existing 
body of literature supports an association between dia-
betes and LUTS, the failure to differentiate LUTS from 
BPH has contributed to some of the confusing evidence 
observed in studies, including more specifi c measurements 
of BPH. This could be due, in part, to the largely cross-
sectional analyses, the use of selected or different study 
populations, low response rates and small sample sizes, 
and inadequate control of potential confounders. Future 
prospective studies that include large unselected popula-
tions to examine the infl uence of diabetes and the onset 
and progression of BPH/LUTS are warranted.

Diabetes and Lower Urinary Tract Symptoms
Although much of the epidemiologic literature also sup-
ports the notion that diabetes increases the risk of LUTS, 
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associations of diabetes with LUTS are complicated by two 
issues. First, LUTS is a syndrome with multiple potential 
etiologies, including primary detrusor instability (ie, over-
active bladder) and interstitial cystitis. Second, diabetes 
may precipitate urinary storage symptoms through neu-
rologic mechanisms that are completely independent of 
any potential links with BPH. Diabetic cystopathy, a com-
mon complication of diabetes characterized by impaired 
sensation of bladder fullness, increased bladder capacity, 
and reduced bladder contractility, has been estimated to 
occur in as many as 45% of patients with diabetes [20]. 
The prevalence of cystopathy increases with the duration 
of diabetes (25% for 10 years; > 50% for 45 years) [21]. 
This dysfunction typically involves autonomic neuropa-
thy, leading to functional parasympathetic and possibly 
sympathetic denervation of the detrusor.

These caveats not withstanding, several epidemiologic 
studies that have examined the association between LUTS 
and self-reported history of diabetes also suggest that 
LUTS may occur more frequently among men with dia-
betes, with an estimated 25% to threefold increased risk 
of LUTS in men with diabetes. In a recent cross-sectional 
evaluation of two population-based cohorts, Sarma et al. 
[22•] observed that men with diabetes were 1.42 times 
more likely to report moderate to severe LUTS compared 
with their nondiabetic counterparts after adjustment 
for age (95% CI = 1.03, 1.95). In addition, among 9856 
men with clinically diagnosed BPH, the presence of 
diabetes (13%) was associated with increased LUTS 
severity, affecting voiding more than storage function 
[23]. Patients with BPH and diabetes had a signifi cantly 
higher baseline IPSS and a signifi cantly lower maximal 
urinary fl ow rate (Qmax) than those without diabetes 
(P < 0.001). The authors hypothesized that diabetes not 
only impairs detrusor function but also may affect blad-
der outlet resistance, which could occur by altering the 
responsiveness of smooth muscle α-1-adrenoreceptors, 
which have an important role in the regulation of bladder 
outlet resistance. In the Baltimore Longitudinal Study of 
Aging, Parsons et al. [9•] noted that men with elevated 

fasting glucose were 2.5-fold and men with diabetes were 
threefold more likely to have LUTS.

Hypothesized Mechanisms
There are several mechanisms by which diabetes may 
potentially infl uence BPH (Fig. 1). First, while the trophic 
effect of increased insulin concentrations secondary to dia-
betes may induce an enlarged prostate, high insulin levels 
may, in turn, increase sympathetic nerve activity, which 
probably contributes to an increase of prostate smooth 
muscle tone [24]. BPH patients with hyperinsulinemia 
may have increased sympathetic nervous system activity 
because insulin resistance is associated with sympathetic 
activation, and higher sympathetic nervous activity would 
likely contribute to an increase of prostate smooth muscle 
tone. Additionally, hyperglycemia itself may play a role by 
increasing cytosolic-free calcium in smooth muscle cells 
and neural tissue, thus leading to sympathetic nervous 
system activation. This would coincide with observations 
by Rohrmann et al. [3] of increased LUTS severity in men 
with elevated postload glucose concentration and men 
with a higher percentage of glycosylated hemoglobin com-
pared with men with lower levels. Changes in insulin and 
glucose metabolism also have been found to be associated 
with hypertension via stimulation of the sympathetic ner-
vous system activity, which were observed to be associated 
with prostate size and LUTS [25].

Second, because of its structural similarity to IGF, insu-
lin can bind to the IGF receptor in prostate cells, possibly 
activating the receptor to induce growth and proliferation. 
Alternatively, as insulin levels increase, IBFBP-1 declines, 
thus increasing the bioavailability of IGF [24]. Several stud-
ies have observed various components of the IGF axis to be 
associated with the risk of BPH and LUTS [3,14,26].

Third, insulin may infl uence BPH risk directly by 
increasing the transcription of genes involved in sex 
hormone metabolism, thus infl uencing androgens and 
estrogens or indirectly through altered hormone metabo-
lism as a result of obesity [24]. Higher insulin is associated 

Figure 1. Hypothesized mechanisms of 
diabetes in the pathogenesis of BPH/LUTS. 
BPH—benign prostatic hyperplasia; 
IGF—insulin-like growth factor; LUTS—
lower urinary tract symptoms.
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with lower sex hormone–binding globulin, which may 
increase the amount of androgen/estrogen entering 
prostatic cells, thereby increasing the risk of BPH. Sex 
hormones are involved with androgenic actions within 
the prostate where androgens bind to the androgen recep-
tor and activate DNA synthesis and cellular proliferation, 
which may then increase the risk of BPH.

Finally, accumulating data suggest that infl amma-
tion may play an important role in the development of 
BPH and the development and progression of LUTS. 
Although the mechanisms by which infl ammation may 
lead to prostatic growth have not been elucidated, it has 
been suggested that infl ammatory mediators may directly 
contribute to prostatic epithelial and stromal cell growth 
through growth induction via cytokines that stimulate 
production of prostatic growth factors, and indirectly 
through decreases in prostate cell death via downregula-
tion of prostate cell apoptosis [27•]. Moreover, glucose 
insensitivity is a component of the metabolic syndrome. 
The metabolic syndrome is associated with systemic 
infl ammation and oxidative stress. Histological BPH is 
usually associated with infl ammation, and the extent and 
severity of the infl ammation corresponds to the severity 
of the BPH [28–30].

Conclusions
Overall, these data suggest that diabetes increases the 
risks of BPH and LUTS and support the concept that BPH 
and LUTS are, to some extent, preventable disorders asso-
ciated with modifi able exposures, challenging us to revisit 
traditional paradigms of diagnosis and treatment. Previ-
ously, BPH and LUTS have been viewed as immutable 
processes of aging resulting from relatively nonmodifi able 
stimuli. This paradigm resulted in reactive approaches to 
clinical management and research that focused on the cat-
egorization and management of symptoms rather than on 
proactive identifi cation of at-risk individuals or the design 
of population-based prevention programs.

Additionally, these data suggest alternative etiologies 
for BPH outside of sex steroid hormone growth path-
ways, including sympathetic nervous system and/or IGF 
activity and systemic infl ammation. 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 repre-
sent a syndrome generated by a host of bladder-related 
etiologies that may or may not coexist with true patho-
logical BPH. Distinguishing BPH-associated LUTS from 
non-BPH LUTS may reveal patterns by which diabetes 
infl uences 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. Cur-
rent disease trends in the United States suggest that as the 
population ages, diabetes, BPH, and LUTS will markedly 

increase in prevalence and will place substantial strains on 
fi nite health care resources. Future research is therefore 
needed to identify the magnitude of onset and progression 
of BPH associated with diabetes; to elucidate mechanisms 
by which diabetes exerts its effects on BPH; and to 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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