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Introduction

Benign prostatic hyperplasia (BPH) is a complex dis-

ease that is progressive in a large proportion of older

men. BPH may be associated with bothersome lower

urinary tract symptoms (LUTS), which can nega-

tively impact quality of life (QOL); BPH can also

progress to serious complications such as acute uri-

nary retention and BPH-related surgery (1). Accurate

diagnosis of BPH may allow treatment of appropriate

patients to improve LUTS and QOL and to reduce

the risk of complications.

The increasing prevalence of symptomatic BPH

combined with greater medical intervention is likely

to give general practitioners (GPs) ⁄ primary care pro-

viders (PCPs) an increasingly important role in the

diagnosis, management and follow up of BPH. A

simplified treatment approach for men with

BPH ⁄ LUTS for use in the primary care setting has

recently been proposed (2), in recognition of the

SUMMARY

Aims: Diagnosis IMprovement in PrimAry Care Trial (D-IMPACT) was a prospective,

multicentre epidemiological study in three European countries to identify the opti-

mal subset of simple tests applied in primary care to diagnose benign prostatic

hyperplasia (BPH) in men who spontaneously present with lower urinary tract

symptoms (LUTS). Methods: Consecutive male patients aged ‡ 50 years who

spontaneously attended their regular general practitioner (GP) office with LUTS

were eligible for inclusion if they had not previously undergone BPH diagnostic

tests or received treatment for BPH. Patients were assessed on three occasions,

twice by their regular GP (visits 1 and 2) and once by a urologist (visit 3). The

diagnostic accuracy of each variable was determined using the urologists’ final

BPH diagnosis (at visit 3) as gold-standard. Independent variables analysed were

as follows: age; BPH diagnosis performed by GP in visit 1 (yes ⁄ no); probability of

BPH diagnosis assessed by GP in visit 1; urinalysis (normal ⁄ abnormal); prostate-

specific antigen (PSA); International Prostate Symptom Score (IPSS); diagnosis of

BPH performed by GP in visit 2 (yes ⁄ no); and probability of BPH diagnosis

assessed by GP in visit 2. Statistically significant variables (p < 0.1) were included

in a logistic regression model to identify the best algorithm and describe each test

contribution. Results: The most frequent spontaneously reported LUTS were noctu-

ria and weak urinary stream. BPH study prevalence was 66.0% (95%CI: 62.3–

69.5) and 32% of patients were at risk of BPH progression (PSA > 1.5 ng ⁄ ml and

prostate volume ‡ 30 cm3). Among the independent variables analysed, only age,

IPSS and PSA showed a statistically significant relationship with BPH diagnosis. In

a logistic regression model including age, IPSS, PSA and probability of BPH (based

on physical examination and symptoms), positive predictive value (PPV) was

77.1%. Exclusion of BPH probability resulted in a PPV of 75.7%. Conclusions: A

diagnostic algorithm including only objective variables (age, IPSS and PSA), easily

implemented in any GP office, allows GPs to accurately diagnose BPH in approxi-

mately three-quarters of patients spontaneously reporting LUTS.

What’s known
Available evidence suggests that procedures

employed by primary care physicians to diagnose

BPH vary widely across Europe. Expected increases

in BPH prevalence accompanying the gradual aging

of the population further highlight the importance

of developing effective strategies for accurate

diagnosis.

What’s new
D-IMPACT has shown that BPH can be accurately

diagnosed using a set of simple tests or variables

(age, IPSS, PSA level) that can be easily

implemented in the primary care setting.
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time constraints placed on PCPs. A similar,

simplified approach to the diagnosis of BPH in pri-

mary care also has the potential to improve the man-

agement of men with BPH ⁄ LUTS. Diagnosis of BPH

in primary care is often based on an assessment of

symptoms. However, standardised assessment is per-

formed in less than half of men who present with

LUTS, although this is recommended in European

guidelines (3,4). In addition, there can be consider-

able differences between countries with regard to

local guidelines and diagnostic strategies (5).

The validity of simple BPH diagnostic tools used

in a primary care setting has been assessed in a

pilot study in 20 specialist urology clinics across

Spain (6). The study showed a high correlation

between BPH diagnosed by four simple tests [medi-

cal history, International Prostate Symptom Score

(IPSS), digital rectal examination (DRE) and serum

prostate-specific antigen (PSA)] and by a full bat-

tery of tests including ultrasonography and uroflow-

metry. Diagnosis IMprovement in PrimAry Care

Trial (D-IMPACT) investigated the accuracy of sim-

ilar, simple diagnostic tests applied in a primary

care setting in three European countries. By virtue

of less selective inclusion criteria, D-IMPACT aims

to expand on the pilot study and translate it to a

wider, more heterogeneous population. D-IMPACT

also aims to provide a non-subjective diagnostic

algorithm that is reproducible in the primary care

setting and to estimate the prevalence of BPH in

patients spontaneously attending GP clinics with

LUTS.

Methods

This was a prospective, epidemiological, multicentre

study to evaluate the accuracy of simple tests used to

diagnose symptomatic BPH in a primary care setting

when compared with gold-standard diagnosis by a

urologist. The trial involved 143 GPs and 38 urolo-

gists from France, Italy and Spain.

Consecutive male patients aged ‡ 50 years who

spontaneously attended their regular GP office with

LUTS were eligible for inclusion if they had not pre-

viously undergone BPH diagnostic tests or received

treatment for BPH. Patients were excluded if they

had a history of prostate cancer, had undergone pre-

vious invasive treatment for urinary flow obstruction

or pelvic surgery involving the bladder, prostate or

urethra, had any endocrine, neurological, inflamma-

tory or infectious disease for which BPH tests had

been performed, or had previously been treated with

an alpha-blocker, 5-alpha reductase inhibitor or phy-

totherapies typically used in the treatment of symp-

tomatic BPH.

Relevant Independent Ethics Committees approved

the protocol and the trial was conducted in accor-

dance with the Declaration of Helsinki, ICH Good

Clinical Practice and any applicable local regulations.

All patients provided written informed consent.

Study design
The rationale and design of the study have been

described previously (7). Briefly, patients with LUTS

were assessed on three occasions, twice by their regu-

lar GP (visits 1 and 2) and once by a urologist (visit

3) (Figure 1). At visit 1, patients were asked about

their medical history and their initial symptoms,

after which the GP recorded their BPH diagnosis.

The patient was subsequently asked to fill in the IPSS

and Bother Score Questionnaires (BSQ). Dipstick

urinalysis was performed and, if required, a urinary

sediment test was requested by the GP. PSA analysis

was also requested. The second visit took place at the

GP clinic when the results of the urinalysis and PSA

tests had been received. The GP performed a DRE

and recorded their BPH diagnosis. The final visit

(visit 3) took place at the reference urologist surgery

within 3 months of visit 2. The urologist reviewed

the patient’s symptoms and past medical history,

performed a physical examination (including a

DRE), reviewed the previous tests carried out by the

GP and performed additional BPH diagnostic tests

of abdominal ultrasound (with postvoid residual vol-

ume and prostate size estimation) and uroflowmetry.

The urologist confirmed or refuted the previous

diagnosis of BPH by the GP.

Study objectives
The primary objectives were to evaluate the diagnos-

tic performance of a set of GP-performed simple

tests in the diagnosis of BPH compared with gold-

standard diagnosis by a urologist and to evaluate the

prevalence of BPH in a population spontaneously

attending GP clinics with LUTS.

Statistics
The sample size calculation was based on expected

BPH prevalence. The prevalence of BPH in men

referred to urology clinics with suspected BPH was

estimated to be approximately 80%. To estimate this

prevalence by means of an asymptotic confidence

interval with a maximum imprecision of 3% at a

95% confidence level, a minimum of 683 patients

were required. Assuming a 10% dropout rate, it was

necessary to recruit 760 patients.

The diagnostic accuracy of each individual variable

(including diagnostic tests and BPH diagnosis

assessed by the GP in visits 1 and 2) was determined

using the urologist’s final BPH diagnosis as gold-
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standard. Independent variables analysed were as fol-

lows: age; diagnosis of BPH performed by GP in visit

1 (yes ⁄ no); probability of BPH diagnosis assessed by

GP in visit 1 (scale 0–100%); urinalysis (nor-

mal ⁄ abnormal); PSA; IPSS; diagnosis of BPH per-

formed by GP in visit 2 (yes ⁄ no); and probability of

BPH diagnosis assessed by GP in visit 2 (scale 0–

100%).

The diagnostic accuracy of each independent vari-

able was analysed using logistic regression and sensi-

tivity, specificity, positive predictive value (PPV) and

negative predictive value (NPV) were determined.

Statistically significant variables (p < 0.1) were

included in a logistic regression model to identify the

best algorithm and describe each test contribution.

Different models were developed including only

objective tests generally available in a primary care

setting. BPH probability assessed by the GP in the

second visit, based also on IPSS, urinalysis, PSA and

DRE, was not included in the models because it was

considered a secondary or intermediate variable that

could be influenced by the results of those additional

diagnostic tests evaluated at the same visit. PPV was

considered the first indicator to select the best algo-

rithm to be used in primary care to identify patients

with BPH. It corresponds to the percentage of

patients identified by the GP with a higher probabil-

ity of a BPH diagnosis and who were finally diag-

nosed with BPH.

The per-protocol (PP) population was the primary

population for analyses and included all patients

who met the study selection criteria and who

attended all three assessment visits.

Results

Study population
A total of 768 patients were recruited into the study,

666 of whom were included in the PP population.

Reasons for exclusion from PP analysis were loss to

follow up (n = 55), patient withdrawal from study

(n = 19), final BPH diagnosis not assessed (n = 6) or

other (n = 22). Baseline demographics are reported

in Table 1. The overall study population had a

mean ± SD age of 60.9 ± 7.9 years, with one-quarter

of patients aged > 65 years. Almost half were over-

weight (49.1%) and 23.6% were obese [body mass

index (BMI) > 30 kg ⁄ m2]. Nearly three-quarters

(74.5%) reported at least one comorbidity during the

baseline visit, with high cholesterol and ⁄ or high tri-

glyceride levels, diabetes and chronic obstructive pul-

monary disease being the most frequently reported.

Minor but statistically significant differences

between countries were observed in terms of age

(p = 0.039), height (p < 0.001) and BMI

(p < 0.001). The Spanish population was slightly

older (mean age 61.8 years), with lower height (mean

168.6 cm) and higher BMI (mean 28.3 kg ⁄ m2). The

maximum differences between countries (France and

Spain) were 1.9 years of age, 4.3 cm of height and

1.8 kg ⁄ m2 in BMI.

No statistically significant differences were

observed between countries in terms of family medi-

cal history related to any genitourinary system disor-

der and previous urological surgery. Some differences

were observed, however, in terms of concomitant

diseases. High cholesterol and ⁄ or high levels of tri-

glycerides were reported more frequently by patients

from Spain and France than those from Italy (34.4%

and 33.6% vs. 19.6%; p < 0.001), as well as meta-

bolic, endocrine or nutritional disease (9.1% and

4.6% vs. 0.9%; p < 0.001). Diabetes was more fre-

quently reported by Spanish patients (16.1%) than

those from France (8.3%) or Italy (8.7%)

(p = 0.012). COPD was also more frequently

reported by Spanish patients (12.2%), followed by

Italian (7.3%) and French patients (2.8%)

(p < 0.001).

Figure 2 shows a description of LUTS spontane-

ously reported in the inclusion visit and those

reported by patients following GP questions in the

baseline study visit. The most frequently reported

LUTS were nocturia and weak urinary stream; these

symptoms were reported spontaneously by more

than half of patients. Baseline clinical characteristics

are shown in Table 2. Mean baseline IPSS was

12.4 ± 6.9; 26.7% of patients had mild symptoms,

57.4% moderate symptoms and 15.9% severe symp-

toms. Fifty-two per cent of men were dissatisfied

Visit 1 (primary care clinic)
i. Patient visiting GP spontaneously reports LUTS
ii. Patient provides informed consent
iii. Inclusion/exclusion criteria confirmation
iv. Medical history and disease symptoms assessment
v. Possible diagnosis by GP (probability 0–100% and yes/no)
vi. IPSS and Bother Score questionnaires
vii. PSA analysis and urinalysis is requested
viii. Second visit to GP is scheduled

Visit 2 (primary care clinic)
i. DRE is performed
ii. Possible diagnosis by GP (probability 0–100% and yes/no)

Visit 3 (specialist clinic)
i. Urologist reviews medical history and symptoms
ii. Physical examination (including DRE)
iii. Review previous tests (IPSS/bother score/PSA/urinalysis)
iv. Additional diagnostic tests (abdominal ultrasound/uroflowmetry)
v. Urologist provides ‘gold-standard’ diagnosis

≤ 3 months

GP = general practitioner, LUTS = lower urinary tract symptoms,
IPSS = International Prostate Symptom Score, PSA = prostate specific antigen,
DRE = digital rectal examination

PSA analysis and
urinalysis results available

Possible diagnosis based on:
• Medical history
• Initial assessment of symptoms

Possible diagnosis based on:
• Medical history
• Initial assessment of symptoms
• IPSS and Bother Score
• PSA analysis
• Urinalysis
• DRE

‘Gold-standard’ diagnosis based on:
• Medical history
• Initial assessment of symptoms
• IPSS and Bother Score
• PSA analysis
• Urinalysis
• DRE
• Abdominal ultrasound
• Uroflowmetry 

Figure 1 Study design (7)
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with their BPH-related QoL. PSA values were

> 1.5 ng ⁄ ml in 42.5% of patients and prostate size

(measured by abdominal ultrasound) was medium

(30–60 cm3) or large (> 60 cm3) in 66.2% of

patients. Combining both measures, 32% of study

patients were at risk of BPH progression, as defined

by a PSA > 1.5 ng ⁄ ml and prostate volume

‡ 30 cm3.

Symptoms reported by patients during the baseline

study visit showed differences across countries. Weak

urinary stream and prolonged voiding were more

frequently reported by Italian patients (67.1% and

55.7%), followed by Spanish patients (64.8% and

43.9%) and French patients (52.5% and 36.4%)

(p < 0.01). Incomplete bladder emptying was also

more frequently reported by Italian patients (52.1%),

followed by French patients (41.0%) and Spanish

patients (34.4%) (p < 0.001). Difficulty in starting

urine flow was more frequently reported by Spanish

patients (37.0%), followed by those from France

(31.8%) and Italy (15.5%) (p < 0.001). French

patients reported less severe symptoms (mean IPSS

10.1) than Italian (mean IPSS 12.9) and Spanish

(mean IPSS 14.1) patients (p < 0.001). The percent-

age of patients with moderate-to-severe symptoms

was 58.1% in France, 79.6% in Spain and 81.7% in

Italy (p < 0.001). The proportion of patients with

prostate size ‡ 30 cm3 was 54.4% in France, 78.7%

in Spain and 86.8% in Italy (p < 0.001). However,

there were no significant differences between coun-

tries in the proportion of patients with PSA

> 1.5 ng ⁄ ml or in the proportion of patients at risk

of BPH progression.

Impact of BPH symptoms on QOL
Patients with BPH confirmed by a urologist reported

a significantly worse health-related QOL (HRQOL)

than those without BPH (p = 0.003). HRQOL

showed a statistically significant relationship with

symptom severity; mean (SD) BSQ score was 2.12

(1.53) in patients with mild symptoms, 3.44 (1.24)

in patients with moderate symptoms, and 4.57 (1.00)

in those with severe symptoms (p < 0.001). The

impact of symptoms on HRQOL was significantly

greater in Italy and Spain than in France

(p < 0.001).

Prevalence of BPH confirmed by urologist
Overall BPH study prevalence was estimated to be

66.0% (95%CI: 62.3–69.5) of patients spontaneously

presenting with LUTS. No statistically significant dif-

ferences were observed in BPH prevalence between

the different countries (France, 65.0%; Italy, 63.9%;

and Spain, 69.1%).

Diagnostic accuracy of tests
BPH diagnosis based on physical examination and

symptoms (visit 1) had a PPV of 69.8% (Table 3).

From the initial visit (visit 1) to the intermediate

visit (visit 2), there was an increase in the specificity

of GPs’ diagnosis (from 29.2% to 42%; Table 3),

suggesting that patients diagnosed as not having

BPH by the urologist were more likely to be identi-

fied correctly by the GP at visit 2 than at visit 1.

Table 1 Demographics and baseline characteristics

Per-protocol population (n = 666)

Age (years) 60.9 ± 7.9 (50–98)

Age category, n (%):

£ 65 years 500 (75.1)

> 65 years 166 (24.9)

Height (cm) 170.6 ± 6.9 (151–208)

Weight (kg) 80.1 ± 11.4 (47–124)

BMI (kg ⁄ m2) 27.5 ± 3.7 (18.1–44.1)

BMI category, n (%):

< 20 kg ⁄ m2 8 (1.2)

20–25 kg ⁄ m2 174 (26.1)

25–30 kg ⁄ m2 327 (49.1)

> 30 kg ⁄ m2 157 (23.6)

Race, n (%):

Caucasian 447 (67.1)

Other 2 (0.3)

Not known* 217 (32.6)

*not recorded in France. BMI, body mass index. All data mean ± SD (range) unless other-

wise stated.
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Urge incontinence

Difficulty starting urine flow
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Weak urinary stream

Nocturia

Patients (%)

Symptoms reported

Spontaneously reported

Figure 2 LUTS spontaneously reported by patients in the inclusion visit and those

reported by patients following general practitioner questions in the baseline study

visit
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Among the independent variables analysed (age,

IPSS, PSA, BPH probability assessed by GP at visit 1,

prostate size by DRE and abnormal urinalysis) only

age, IPSS and PSA showed a statistically significant

relationship with BPH diagnosis (Table 4).

In a logistic regression model including age, IPSS,

PSA and probability of BPH (based on physical

examination and symptoms), PPV was 77.1% and

NPV was 46.8%. Exclusion of BPH probability

resulted in a PPV of 75.7% and a NPV of 44.1%.

Diagnostic accuracy of other models based on objec-

tive tests (age and IPSS, age alone, IPSS alone) is

shown in Table 5.

Correlation between prostate volume assessed
by DRE (GP or urologist) and ultrasound
There was no correlation between GPs and urologists

DREs for prostate volume assessment [j 0.284 (95%

CI 0.22–0.35)] nor between GP-assessed and ultra-

sound-measured prostate volume [j 0.171 (95% CI

0.11–0.24)]. However, there was substantial correla-

tion between urologist-assessed and ultrasound-mea-

sured prostate volume [j 0.624 (95% CI 0.57–0.68)].

Discussion

The D-IMPACT study has shown that an algorithm

based on a set of simple tests, which are recom-

mended in European guidelines and can be imple-

mented by a GP, has acceptable diagnostic accuracy

for BPH in men presenting with LUTS. D-IMPACT

expands the findings from the previous pilot study

(6), conducted among urologists, to the GP ⁄ PCP set-

ting making the findings applicable to a wider, more

heterogeneous patient population.

The overall prevalence of BPH in this study was

66.0%. Small differences in BPH prevalence were

observed across participating countries, ranging from

63.9% in Italy to 69.1% in Spain. These prevalence

rates are consistent with those in previous reports of

patients attending GP clinics with LUTS (8). The

profile of the study population (e.g. age, severity of

LUTS, PSA levels and prostate size) was also compa-

rable with other studies of patients presenting with

LUTS (5,6,9). Patients with BPH confirmed by a

urologist reported worse HRQOL than those without

BPH and the degree of impairment was related to

symptom severity; again, these findings are consistent

with those of other studies of men with symptomatic

BPH (5,9).

All the objective study diagnostic tests, as well as

factors known to be associated with a BPH diagnosis

such as age, prostate size and PSA levels (10,11),

were initially analysed individually and then com-

bined in a number of different models to evaluate

the diagnostic accuracy. Of all the analysed factors,

only age, IPSS, PSA and BPH probability (based on

medical history and symptoms) showed a statistically

significant relationship with BPH diagnosis. Age,

IPSS and PSA showed similar diagnostic accuracy,

with PPV values ranging from 72.5% to 74.2%. The

accuracy of different diagnostic models including

these variables together with the probability of BPH

as per GP assessment at the first visit was evaluated.

The complete model, including age, IPSS, PSA and

the initial BPH probability (based on medical history

and symptoms) showed a good diagnostic accuracy

with a PPV of 77.1%.

Diagnoses based on medical history and symptoms

can result in very subjective estimations of BPH

probability, so models were developed without this

factor. Exclusion of BPH probability from the model

resulted in non-significant reductions in sensitivity,

Table 2 Baseline clinical characteristics

Per-protocol population (n = 666)

IPSS score 12.4 ± 6.9 (0–33)

IPSS category, n (%):

Mild symptoms (0–7) 178 (26.7)

Moderate symptoms (8–19) 382 (57.4)

Severe symptoms (20–35) 106 (15.9)

Bother score, n (%):

Delighted 31 (4.7)

Very satisfied 70 (10.5)

More satisfied 99 (14.9)

Neither satisfied nor dissatisfied 120 (18.0)

More dissatisfied 219 (32.9)

Very dissatisfied 90 (13.5)

Terrible 37 (5.6)

PSA (ng ⁄ ml) 2.14 ± 2.41 (0.10–20)

PSA category, n (%):

£ 1.5 ng ⁄ ml 383 (57.5)

> 1.5 ng ⁄ ml 283 (42.5)

Prostate size by DRE performed by GP, n (%):

Small (< 30 cm3) 177 (26.6)

Medium (30–60 cm3) 445 (66.8)

Large (> 60 cm3) 44 (6.6)

Prostate size by abdominal ultrasound (cm3) 38.0 ± 18.4 (2.7–142.8)

Prostate size category by abdominal

ultrasound, n (%):

Small (< 30 cm3) 225 (33.8)

Medium (30–60 cm3) 374 (56.2)

Large (> 60 cm3) 66 (9.9)

Residual volume (cm3) 41.1 ± 55.1 (0–300)

At risk of BPH progression (yes ⁄ no*), n (%) 213 (32) ⁄ 453 (68)

*defined as a PSA > 1.5 ng ⁄ ml and medium or large prostate size (‡ 30 cm3). BPH, benign

prostatic hyperplasia; DRE, digital rectal examination; IPSS, International Prostate Symptom

Score; PSA, prostate-specific antigen. All data mean ± SD (range) unless otherwise stated.
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PPV and NPV compared with the complete model.

When both BPH probability and PSA were excluded

from the model, further non-significant reductions

in diagnostic accuracy were observed compared with

the complete model, with regard to sensitivity, PPV

and NPV.

Two models (age + IPSS + PSA and age + IPSS)

were considered the best to define an optimal and

objective BPH diagnostic algorithm. Both models

had acceptable diagnostic accuracy and could be

implemented in a standard GP practice. The model

excluding PSA was considered as PSA determination

may not be available in all GP practices and, even if

accessible, will involve additional costs. PSA may also

be recommended for prostate cancer screening in the

patient population included in this study. Dependent

on the specific local circumstances, either model (age

and IPSS with or without PSA) could be used to

provide acceptable diagnostic accuracy and thereby

facilitate the approach to BPH diagnosis and man-

agement among GPs with different backgrounds and

knowledge in the disease area. Although universal

and fully validated, many GPs are reluctant to use

the IPSS, perhaps because it is perceived as impracti-

cal and too time-consuming in a busy primary care

setting (12,13). However, our results confirm its

Table 3 Sensitivity, specificity, PPV, NPV and accuracy of initial BPH diagnosis (in a yes ⁄ no format) performed by GP in visit 1 and visit 2

Visit 1 Visit 2

Rate 95% Confidence intervals (Exact binomial) Rate 95% Confidence intervals (Exact binomial)

Sensitivity 84.1% 80.3–87.4% 80.0% 75.9–83.6%

Specificity 29.2% 23.4–35.6% 42.0% 35.5–48.8%

PPV 69.8% 65.7–73.7% 72.9% 68.7–76.8%

NPV 48.5% 39.9–57.3% 51.9% 44.4–59.3%

PPV, positive predictive value; NPV, negative predictive value; BPH, benign prostatic hyperplasia; GP, general practitioner.

Table 4 Statistical relationship (p-value) and accuracy of clinical variables and individual diagnostic tests performed by

GP with final BPH diagnosis

p-value Sensitivity Specificity PPV NPV

Age < 0.001 51.6% 65.0% 74.2% 40.8%

Initial BPH probability < 0.001 69.3% 56.2% 75.5% 48.5%

Initial BPH (yes ⁄ no) < 0.001 84.1% 29.2% 69.8% 48.5%

IPSS < 0.001 58.0% 59.3% 73.5% 42.0%

PSA < 0.001 55.2% 59.3% 72.5% 40.5%

Prostate size (estimated by DRE) 0.123 – – – –

Urinalysis 0.483 – – – –

BPH, benign prostatic hyperplasia; IPSS, International Prostate Symptom Score; PPV, positive predictive value; NPV, negative predictive

value; PSA, prostate-specific antigen; DRE, digital rectal examination.

Table 5 Diagnostic accuracy of models based on objective tests

Parameters PPV NPV Sensitivity Specificity

Age + IPSS + PSA + BPH probability 77.1% 46.8% 62.7% 63.7%

Age + IPSS + PSA 75.7% 44.1% 58.9% 63.3%

Age + IPSS 75.5% 43.3% 56.8% 64.2%

Age 74.2% 40.8% 51.6% 65.0%

IPSS 73.5% 42.0% 58.0% 59.3%

IPSS, International Prostate Symptom Score; PSA, prostate-specific antigen; BPH, benign prostatic hyperplasia; PPV, positive predictive

value; NPV, negative predictive value.
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value with regard to accurate diagnosis of BPH in

men with LUTS

There was an increase in the specificity of GPs’

diagnosis from visit 1 to visit 2, suggesting that

patients diagnosed as not having BPH by the urolo-

gist were more likely to be identified correctly by the

GP at visit 2 than at visit 1. This is consistent with

the fact that the GP was armed with additional infor-

mation at visit 2 compared with visit 1 (e.g. urinaly-

sis, PSA), and therefore better able to diagnose or

exclude the diagnosis of BPH.

We did not observe a significant correlation

between GP assessment of prostate volume and BPH

diagnosis. There was also a low level of agreement

between prostate volume assessed by GP DRE and

abdominal ultrasound. Although DRE was not useful

for BPH diagnosis in this study, it cannot be con-

cluded that DRE is not useful in the evaluation of

BPH or other prostatic disease. It is probable that

the low agreement between DRE measurement per-

formed by GPs and other evaluations of BPH is

attributed to variable and ⁄ or insufficient experience

of DRE on the part of some participating GPs. It

might therefore be advisable for GPs who lack suffi-

cient experience to avoid this invasive examination if

they are planning a referral to a urologist based on

other indicators (and to seek additional specific

training in performing this examination), or to use

PSA levels (if this test is available) as a surrogate for

prostate volume, bearing in mind the limitations of

applying the correlation between PSA and prostate

volume at an individual rather than population level

(14).

There are some limitations to this study. First, we

did not collect information on the number and char-

acteristics of the study screening failures (those

patients who attended the GP office but were not

included in the study). As a result, our BPH preva-

lence rate could be an overestimation of the real dis-

ease prevalence, although it is consistent with

previously reported prevalence rates (8).

Another limitation relates to the lack of standardi-

sation of the gold-standard diagnosis conducted by

urologists. The study protocol did not include any

definition of what would constitute a positive BPH

diagnosis. The absence of standardised criteria to

define a positive BPH diagnosis introduces the possi-

bility of potential bias related to variability in urolo-

gist assessment. However, the study was specifically

designed to reflect usual clinical practice and the

similarities in urologist diagnosis between countries

may suggest an overall consistent approach.

Some logistical problems between GPs and urolo-

gists in certain centres made it impossible for some

patients to complete the final study visit. However,

the exclusion of patients for logistical or administra-

tive reasons does not, in principle, correlate with a

patient’s health and therefore should not introduce

any bias to the study or significantly affect the con-

clusions. In addition, the final proportion of patients

excluded from the PP population (13%) was close to

the 10% dropout assumed in the calculation of the

sample size.

In conclusion, a BPH diagnostic algorithm includ-

ing only objective variables (age, IPSS and PSA)

allows GPs to accurately diagnose BPH in approxi-

mately three-quarters of patients spontaneously

reporting LUTS. These variables are widely accessible

and easily implemented in any GP office and offer

the prospect of improved diagnosis and initial man-

agement of this prevalent disease by GPs irrespective

of their background and experience in this area. Such

improvements in diagnosis could result in fewer but

more appropriate patient referrals to a urologist and

overall improved patient care.
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