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were used to objectively evaluate perfusion. 
The International Prostate Symptom Score 
(IPSS) and the International Index of Erectile 
Function were used to quantify symptoms.

 

RESULTS

 

In diabetic patients and men with PAOD, 
perfusion of the transition zone (TZ) of the 
prostate was significantly lower (

 

P

 

 

 

<

 

 0.001) 
and the RI of the TZ was significantly higher 
(

 

P

 

 

 

<

 

 0.001) than in healthy controls and men 
with CAD. In diabetics and men with PAOD, 
the mean prostate volume was greater than in 
healthy controls and men with CAD. The IPSS 
in patients with vascular damage (diabetes, 

PAOD) was significantly worse than in the 
control group.

 

CONCLUSIONS

 

The significantly lower CPD and higher RI 
values of the TZ in patients with vascular 
disease than in healthy subjects support the 
hypothesis that an age-related impairment of 
blood supply to the prostate has a key role in 
the development of BPH.
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OBJECTIVES

 

To evaluate the relationship between clinical 
benign prostatic hyperplasia (BPH) and 
atherosclerosis, using colour Doppler 
ultrasonography (CDUS) and symptom scores.

 

PATIENTS, SUBJECTS AND METHODS

 

CDUS was used to evaluate prostatic 
vascularity in four groups of men, comprising 
young healthy subjects, patients presenting 
with coronary artery disease (CAD), diabetes 
mellitus, or peripheral arterial occlusive 
disease (PAOD). Resistive index (RI) 
measurements and computer-assisted 
quantification of colour pixel density (CPD) 

 

INTRODUCTION

 

Dysregulation in the prostatic stromal 
cells is a major contributing factor in the 
pathogenesis of BPH, the most common non-
malignant proliferative disorder in ageing 
men. Although there is evidence that 
androgens and oestrogens are involved in 
the growth of stromal and epithelial cells 
in the prostate, and in the induction of 
fibromuscular overgrowth, the cause of 
BPH remains unclear, but it seems to be 
multifactorial.

It was postulated that hyperplasia in the 
stromal and glandular compartments might 
be induced by stromal growth secondary to 
hypoxia, which in turn results from abnormal 
blood flow patterns [1]. In a recent study 
using a cell-culture model of human prostatic 
stromal cells, these cells were found to 
respond to hypoxia by up-regulating the 
secretion of several growth factors 

 

in vitro

 

, 
which suggests that hypoxia might trigger 
prostatic growth [2]. In the prostate, hypoxia 
might occur in patients presenting with 

generalized or localized vascular damage. 
Several studies suggested an association 
between prostatic disease and the presence of 
vascular disorders such as coronary heart 
disease or diabetes mellitus [3,4]. A recent 
study showed a clear association between 
hypoxia and neovascularization in the rat 
bladder [5]. It was reported that, compared to 
healthy controls, diabetic patients have 
significantly worse perfusion rates in the 
transition zone (TZ) of the prostate where BPH 
arises [6].

LUTS can also be caused by various conditions 
affecting the nervous system; about half 
of patients with diabetes mellitus develop 
somatic neuropathy and many of them have 
symptoms similar to those caused by BPH [7,8]. 
If vascular damage is important in the 
pathogenesis of BPH, patients who present 
with severe atherosclerosis manifesting as 
peripheral arterial occlusive disease (PAOD) or 
coronary artery disease (CAD), but do not show 
the neuropathic component of diabetes, 
should have worse prostatic perfusion patterns 
and prostatic symptom scores than controls.

Colour Doppler ultrasonography (CDUS) is a 
highly sensitive method for assessing blood 
flow; however, subjective quantification of 
CDUS data has limited efficacy [9]. By 
contrast, computer-assisted quantification of 
CDUS, which calculates colour pixel density 
(CPD), is a reliable technique that allows an 
accurate assessment of organ and tissue 
perfusion [10,11]. The resistive index (RI) 
obtained by pulsed-wave CDUS is related to 
both blood flow and pressure, and is one of 
the most reliable indicators of vascular 
damage to the small vessels in the prostate 
[12].

In the present study we investigated whether 
there is a causal relationship between BPH 
and LUTS on the one hand and atherosclerosis 
on the other, by assessing prostatic blood flow 
using contrast-enhanced CDUS and symptom 
scores.

 

PATIENTS, SUBJECTS AND METHODS

 

From September 2003 to January 2005, 139 
men were enrolled in the present study. The 
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cohort was divided into four subgroups; the 
first included patients who had had manifest 
type 2 diabetes mellitus, defined as fasting 
glucose levels of 

 

≥

 

7.8 mmol/L (140 mg/dL) on 
several occasions for a minimum of 5 years, 
while the second comprised patients with 
CAD, and the third patients with PAOD 
Fontaine-Ratschow stage IIa or higher. The 
control group consisted of healthy men with 
no clinical signs of BPH (IPSS 

 

<

 

7 and prostate 
volumes of 

 

<

 

30 mL).

Patients with prostate cancer or a history of 
previous prostate surgery were excluded from 
the study, as were men undergoing treatment 
with 5

 

α

 

-reductase inhibitors or 

 

α

 

-blockers. 
Those with clinically overt prostatitis or acute 
UTI were also excluded.

Forty-two diabetic patients had been referred 
for a routine urological assessment from 
other departments of the hospital; 23 with 
angiographically documented CAD and no 
signs of PAOD were recruited from the 
Division of Cardiology; and 43 with PAOD but 
no cardiac symptoms were referred from the 
department of vascular surgery. Thirty-one 
healthy men served as controls. Informed 
consent was obtained from all participants.

On initial examination a complete medical 
history was elicited by a standardized 
interview. If the PSA levels were high TRUS-
guided prostate biopsies were taken to 
exclude prostate cancer. Patients with biopsy-

confirmed prostate cancers were excluded 
from the study. Homocysteine levels were 
determined in 42 men (13 diabetics, 12 men 
with CAD, eight men with PAOD and nine 
controls).

The International Index of Erectile Function 
(IIEF) [13] was used to assess erectile function, 
while LUTS were evaluated using the IPSS and 
quality-of-life score (QoL).

Contrast-enhanced CDUS was performed 
with the high-frequency end-fire probe 
EC10C5 fitted to a Sequoia unit (Acuson, 
Mountain View, CA, USA). During imaging 
with the patients placed in the left lateral 
decubitus position, care was taken to 
minimize probe pressure on the rectal wall. 
All participants were examined with an 
empty or nearly empty bladder, to preclude 
compression of the intraprostatic and bladder 
neck vessels. Contrast-enhanced CDUS was 
used to visualize the arteries of the TZ, the 
peripheral zone (PZ), and the bladder neck, 
and to measure the RI. The Doppler signal 
intensity in both prostatic zones (TZ and PZ) 
and the bladder neck was determined using 
computer-assisted quantification of CPD. The 
region of interest was placed in areas with the 
highest detectable blood flow. For this 
purpose the red-green-blue output of the 
ultrasound unit was digitized using a 
computer. The digitized images were post-
processed with the National Institute of 
Health image software package (version 

1.62). In each subject, computer-assisted 
quantification of CPD was used in areas of the 
outer and the inner gland.

Differences among the four subgroups were 
analysed with the Kruskal–Wallis test; if it 
indicated statistical significance, 

 

post hoc

 

 
tests were done using the Mann–Whitney 

 

U

 

-
test, with statistical significance defined as 

 

P

 

 

 

<

 

 0.05. After Bonferroni’s correction for six 
comparisons, 

 

P

 

 

 

<

 

 0.008 was considered to 
indicate statistical significance.

 

RESULTS

 

In all, 139 participants were evaluated, i.e. 42 
patients diagnosed with type 2 diabetes 
mellitus, 23 with CAD, 43 with PAOD stage IIa 
or higher, and 31 healthy men who served as 
controls. In the diabetic group, the mean 
(range) interval after diagnosis was 10.0 
(5–22) years and the mean glycosylated 
haemoglobin value was 8.53 (5.8–12.7)%. The 
characteristics of the study population are 
shown in Table 1.

Perfusion of the TZ of the prostate was 
significantly lower in diabetic patients 
(median CPD 178.5) and men with PAOD 
(median CPD 195) than in healthy controls 
(median CPD 276) and men with CAD (median 
CPD 243; 

 

P

 

 

 

<

 

 0.001). There was no difference 
between men with diabetes and PAOD 
(

 

P

 

 

 

=

 

 0.006) nor between men with CAD and 

 

TABLE 1 

 

Statistical data (as 

 

P

 

 values) of the participants enrolled in the study. Differences among the four subgroups were analysed with the Kruskal–Wallis test, 
which if statistically significant (

 

P

 

 

 

<

 

 0.05) was followed by the Mann–Whitney 

 

U

 

-test. After Bonferroni’s correction for six comparisons, 

 

P

 

 

 

<

 

 0.008 was considered 
to indicate statistical significance

 

Variable Kruskal–Wallis
Mann–Whitney 

 

U

 

-test 
DM vs CAD DM vs Con. DM vs PAOD CAD vs Con. CAD vs PAOD Con. vs PAOD

Age

 

<

 

0.001 0.151

 

<

 

0.001 0.028

 

<

 

0.001 0.585

 

<

 

0.001

IPSS

 

<

 

0.001

 

<

 

0.001

 

<

 

0.001 0.076

 

<

 

0.001

 

<

 

0.001

 

<

 

0.001
QoL score

 

<

 

0.001

 

<

 

0.001

 

<

 

0.001 0.071

 

<

 

0.001

 

<

 

0.001

 

<

 

0.001
IIEF score

 

<

 

0.001 0.011

 

<

 

0.001 0.078

 

<

 

0.001 0.206

 

<

 

0.001
Prostate volume

 

<

 

0.001 0.069

 

<

 

0.001 0.329 0.058 0.011

 

<

 

0.001
Maximum flow

 

<

 

0.001 0.005

 

<

 

0.001 0.541

 

<

 

0.001

 

<

 

0.001

 

<

 

0.001
Residual urine

 

<

 

0.001

 

<

 

0.001

 

<

 

0.001 0.895 0.021

 

<

 

0.001

 

<

 

0.001
Homocysteine* 0.907
RI (PZ)

 

<

 

0.001

 

<

 

0.001

 

<

 

0.001

 

<

 

0.001 0.649 0.005 0.002
RI (TZ)

 

<

 

0.001

 

<

 

0.001

 

<

 

0.001

 

<

 

0.001 0.273

 

<

 

0.001

 

<

 

0.001
CPD (PZ) 0.291
CPD (TZ)

 

<

 

0.001

 

<

 

0.001

 

<

 

0.001 0.006 0.128

 

<

 

0.001

 

<

 

0.001

 

DM, diabetes mellitus; Con., control. *only 42 measurements were available for homocysteine.
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controls (

 

P

 

 

 

=

 

 0.128). For perfusion of the 
PZ there was no statistically significant 
difference among the four subgroups 
(

 

P

 

 

 

=

 

 0.291).

The median RI of the TZ in diabetic patients 
was significantly worse than in controls (0.87 
vs 0.70; 

 

P

 

 

 

<

 

 0.001), in men with CAD (0.75; 

 

P

 

 

 

<

 

 0.001), and men with PAOD (0.82; 

 

P

 

 

 

<

 

 0.001). Also, the RI in PAOD patients was 
significantly worse than in men with CAD and 
controls (

 

P

 

 

 

<

 

 0.001). However, in the TZ there 
was no difference between the RI of CAD 
patients and controls (

 

P

 

 

 

=

 

 0.273). The median 
RI of the PZ was highest in diabetic patients 
(0.85), followed by men with PAOD (0.79), 
controls (0.76) and men with CAD (0.75). In 
diabetic men and men with PAOD the RI of 
the TZ was even higher than that of the PZ.

There was no significant difference among 
the four subgroups in blood pressure 
(

 

P

 

 

 

=

 

 0.123), pulse rate (

 

P

 

 

 

=

 

 0.111), fasting total 
cholesterol (

 

P

 

 

 

=

 

 0.361), high-density 
lipoprotein (

 

P

 

 

 

=

 

 0.288) and low-density 
lipoprotein (

 

P

 

 

 

=

 

 0.786) levels, serum 
testosterone (

 

P

 

 

 

=

 

 0.068) and homocysteine 
levels (

 

P

 

 

 

=

 

 0.907). In diabetic men the mean 
triglyceride levels were higher than in PAOD 
patients (

 

P

 

 

 

=

 

 0.006) but they were no higher 
than in the control group (

 

P

 

 

 

=

 

 0.018). The 
median body mass index was lower in the 
controls than in diabetic patients (

 

P

 

 

 

=

 

 0.002), 
whereas there was no difference between 
diabetics and men with PAOD (

 

P

 

 

 

=

 

 0.101), 
diabetics vs CAD (

 

P

 

 

 

=

 

 0.554), CAD vs PAOD 
(

 

P

 

 

 

=

 

 0.691) and controls vs men with PAOD or 
CAD (

 

P

 

 

 

=

 

 0.176 and 0.135, respectively).

The IPSS and QoL scores in patients with 
diabetes and those with PAOD were 

significantly worse than in those with CAD or 
controls; the latter had the lowest symptom 
scores. Erectile function (assessed by IIEF 
scores) was worst in men with diabetes and 
those with PAOD, followed by men with CAD. 
The control group had significantly better IIEF 
scores than all other subgroups.

For prostate volume, patients with PAOD had 
the largest glands (median 47 mL), followed 
by diabetic men (43.5 mL). Men with CAD and 
controls had smaller prostates (39 and 24 mL) 
than those in the other subgroups; there was 
a difference between CAD patients and the 
controls, but it was not statistically significant 
(

 

P

 

 

 

=

 

 0.058). Residual urine volume was clearly 
higher in diabetics and PAOD patients than in 
CAD patients and controls; there was no 
difference in residual urine volume between 
controls and men with CAD (

 

P

 

 

 

= 0.021). The 
maximum urinary flow rate was lowest in 
PAOD patients, followed by men with diabetes 
and those with CAD; urinary flow rate was 
best in controls (Table 2).

DISCUSSION

Due to the rise in the mean age of the 
population the prevalence of BPH is 
progressively increasing. In terms of costs, 
TURP is second only to cataract extraction 
and accounts for 1.4% of total USA Medicare 
expenditure [14]. Besides the enormous costs 
for medical and surgical treatment, it is above 
all the surgical complications, e.g. urethral 
stricture, bladder neck contracture and 
incontinence, that have become a concern.

Despite its frequency (by the age of 60 years, 
nearly 60% of a cohort of the Baltimore 

Longitudinal Study of Aging had some degree 
of clinical BPH [15]) the cause of BPH is 
still unclear but there is evidence that it is 
multifactorial. It is well established that the 
cause of BPH is hormone- and age-related. 
Previous studies showed an association 
between manifestations of atherosclerotic 
disease, e.g. non-insulin-dependent diabetes 
mellitus, hypertension or dyslipidaemia, and 
the development of BPH, which suggests 
that BPH is a component of the metabolic 
syndrome and that the underlying causes 
of BPH might be systemic rather than local. 
According to recent studies, diabetic patients 
have significantly faster annual prostatic 
growth rates than non-diabetic men 
presenting with LUTS [16]. Also, diabetes is 
associated with greater severity of BPH 
symptoms after age adjustment [4]. Long-
lasting diabetes mellitus and peripheral 
occlusive disease have repeatedly been shown 
to be an indicator of atherosclerotic disease 
and an independent predictor of significant 
atherosclerosis [17,18]. There is increasing 
evidence that oxidative stress might have a 
role in the induction of cell growth. This is 
supported by observations suggesting that 
there might be a common pathogenic 
mechanism responsible for vascular smooth 
muscle cell growth and remodelling, as well as 
prostate smooth muscle proliferation [2]. 
Importantly, BPH originates in the TZ rather 
than in the PZ of the prostate. In the present 
study, the TZ and PZ were defined according 
to the generally accepted definition of 
McNeal [19,20].

While the RI is relatively low in healthy 
prostatic vessels, there was a markedly 
higher RI in the capsular arteries of patients 
with BPH, which might be attributed to 

TABLE 2 Characteristics of the study population

Variable
Median (SD, interquartile range) 
DM PAOD CAD Control

RI (PZ) 0.85 (0.03, 0.83–0.87) 0.79 (0.05, 0.77–0.83) 0.75 (0.09, 0.65–0.79) 0.76 (0.07, 0.7–0.8)
RI (TZ) 0.87 (0.04, 0.85–0.89) 0.82 (0.05, 0.79–0.85) 0.75 (0.09, 0.65–0.8) 0.7 (0.09, 0.63–0.78)
CPD (PZ) 240.5 (39.97, 200–250.5) 227 (34.45, 197–247) 231 (28.17, 208–248) 251 (49.81, 198–278)
CPD (TZ) 178.5 (43.42, 157–201) 195 (32.34, 181–222) 243 (33.64, 214–266) 276 (62.82, 187–304
Age, years 60 (10.25, 52–68.3) 64 (8.24, 58–70) 64 (6.71, 58–67) 42 (17.25, 30–57)
IPSS 15, 6.92 (11–22) 11 (8.11, 8–20) 5 (3.94, 2–8) 0 (3.05, 0–4)
IIEF 24.5 (10.77, 16–32) 26 (13.79, 22–40) 37 (17.37, 24–46) 64 (13.16, 50–68)
Prostate vol., mL 43.5 (13.41, 36.5–50) 47 (21.05, 35–56) 39 (16.95, 25–47) 24 (13.63, 18–31.3)
Max. flow rate, mL/s 17.3 (6.03, 10.6–20) 16 (6.6, 12–19) 19 (5.3, 16.5–23) 30 (8.53, 24.1–36)
Residual urine, mL 45 (105.0, 20–97.3) 44 (152.6, 15–97) 10 (25.0, 0–40) 0 (0)
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compression of the arteries in the PZ by the 
hypertrophied TZ in patients with advanced 
BPH [21]. Unlike controls and patients with 
CAD, diabetic and PAOD patients had a 
significantly higher RI in the TZ (0.87 and 0.82, 
respectively) than in the PZ (0.85 and 0.79, 
respectively), which suggests that in these 
patients significant vascular damage results 
from the increased vascular resistance, 
particularly in the TZ. In CAD patients the 
median RI in the PZ and TZ was identical 
(0.75).

CPD analysis as an objective method for 
assessing tissue perfusion yielded nearly 
identical results for the PZ, but significantly 
different values for TZ (median 178.5 in the 
diabetic subgroup and 195 in PAOD patients, 
vs 243 in CAD patients and 273 in controls). 
The difference between diabetics and patients 
with PAOD, compared to CAD patients and 
controls, was highly significant (P < 0.001), 
whereas there was no difference between 
men with diabetes and those with PAOD 
(P = 0.006) on the one hand, and men with 
CAD and controls (P = 0.128) on the other.

The mechanism responsible for the markedly 
higher RI and the lower CPD values in 
the TZ of patients with BPH is still poorly 
understood; it is possible that the TZ might 
compress and thus cause mechanical 
obstruction of the vessels in the TZ. As the TZ 
is contained within a dense capsule, it seems 
likely that a high pressure accumulates within 
the TZ, which in patients with BPH might 
result in compression of the vessels supplying 
the TZ. However, the higher RI and the lower 
CPD of the TZ in patients with severe vascular 
damage than in controls indicate that there 
might be additional contributing factors in 
these patients. In patients with arterial 
ischaemia decreased pO2 levels were detected 
by laser Doppler flowmetry [22], a method 
that is comparable to CDUS in assessing blood 
flow [23]. The higher RI in the TZ of patients 
with diabetes and those with PAOD clearly 
indicates higher vascular resistance, which 
seems to be related to vascular damage. 
Hypoxia induces expression not only of 
hypoxia inducible factor 1 but also of 
angiogenic growth factors such as vascular 
endothelial growth factor (VEGF), fibroblast 
growth factors-2 and -7, and TGF-β, as well as 
cytokines such as interleukin-8 [2,24,25]. 
Long-term exposure of the prostatic stroma 
to increased growth factor levels secondary to 
chronic hypoxia might cause stimulation of 
stromal growth over years, and thus 

contribute to the pathogenesis of BPH. This 
concept is supported by the finding that 
patients with PAOD and diabetics have 
significantly larger prostates than controls 
(P < 0.001). Furthermore, chronic ischaemia 
has recently been shown to induce marked 
hyperplasia of the ventral prostate in the rat, 
via VEGF up-regulation [26].

Although long-standing diabetes is known 
to cause LUTS secondary to autonomic 
neuropathy, the present data suggest that it 
might rather be the resulting vascular damage 
that produces LUTS. This assumption is based 
on the similarity of the results in diabetic men 
and men with PAOD, both in terms of 
perfusion pattern and of IPSS and QoL scores, 
the generally accepted symptom scores for 
assessing obstructive prostatic symptoms.

Quite unexpectedly, patients with CAD had 
better prostatic perfusion results than PAOD 
and diabetic patients. A possible explanation 
for this is the so-called ‘artery size hypothesis’ 
[27]. Given the systemic nature of 
atherosclerosis, all major vessel beds can be 
assumed to be affected to a similar extent. 
However, the condition rarely manifests itself 
in all organs at the same time. It was proposed 
that this might be due to the different sizes of 
the arteries supplying different vascular beds, 
which allows a larger vessel (e.g. the femoral 
artery) to better tolerate the same amount of 
plaque than a smaller one (e.g. a coronary 
artery). This would also explain why patients 
with severe PAOD or diabetes present with 
more advanced generalized atherosclerosis 
than CAD patients, and why prostatic 
perfusion is more severely impaired in the 
former. Possibly it is just a matter of time 
before men with CAD present with the extent 
of damage to the prostatic vasculature seen in 
diabetics or patients with PAOD. If this 
concept is true, CAD, PAOD and BPH could be 
considered different clinical manifestations of 
the same pathological process.

Although none of the patients with PAOD had 
diabetes, patients with long-standing 
diabetes might also have had some degree of 
peripheral occlusive disease, even if they did 
not present with the typical symptoms. 
However, both subgroups comprised patients 
with severe vascular damage in whom 
impaired blood supply to the prostate might 
lead to chronic ischaemia.

A potential drawback of the present study is 
that the controls were younger than the 

different subgroups of patients with BPH. 
However, as ≈60% of men aged ≥60 years 
present with symptoms of clinical BPH, 
younger men had to be entered into the 
control group to exclude men with clinical 
BPH.

In conclusion, the finding that patients with 
severe vascular disease had a significantly 
lower CPD and a higher RI in the TZ than 
healthy subjects supports the hypothesis that 
an age-related impairment of blood supply to 
the lower urinary tract has a key role in the 
pathogenesis of BPH. Vascular damage might 
cause chronic ischaemia and thus be a 
contributing factor in the development 
of BPH.
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