
Purpose: Digital rectal examination (DRE) is a routine 
part of prostate cancer (PCa) screening and provides impor-
tant prognostic information. The purpose of this study was 
to analyse the potential association between obese patients 
and DRE findings for PCa detection.

Methods: We retrospectively reviewed the medical records 
of patients who underwent an initial prostate needle biop-
sy for abnormal DRE, high prostate specific antigen (PSA) 
levels (≥4 ng/mL), or both at the Department of Urology. 
Patients with a history of biopsy, surgical treatment of 
prostatic disease, or incomplete clinical data were excluded 
from this study. A total of 1113 patients were included in 
the analysis. Before the biopsy procedure body mass index 
(BMI) was calculated. Age, PSA, BMI, DRE findings, pros-
tate volume and Gleason score were analysed to assess the 
potential association between obesity and PCa detection.

Results: The mean ± SD BMI was 28.3 ± 4.1 kg/m2. A total 

of 373 (33.5%) patients were classified as obese (BMI ≥30 
kg/m2).  No significant difference was noted in the num-
ber of biopsy cores between obese and non obese patients. 
The obese men were older, had a lower PSA concentration, 
a large prostate volume, and were less likely to have abnor-
mal DRE findings. Patients with high grade prostate cancer 
(HGPCa) had higher BMI. Age, PSA and prostate volume 
were not significantly associated with a higher risk of can-
cer at biopsy.

Conclusions: Our data demonstrated that obese patients 
have lower PSA levels, larger prostates and abundant per-
irectal fat. Lower PSA serum levels and large prostate size 
associated with high BMI, indicated a potential risk for de-
layed diagnosis and poor pathological outcomes.
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DRE is a routine part of PCa screening [1]. 
Many authors have shown that DRE is still impor-
tant in diagnosing clinically important PCa and 
continues to provide important prognostic infor-
mation [2,3]. The positive predictive value of DRE 
ranges from 4 to 11% in men with PSA levels of 0 
to 2.9 ng/mL and from 33 to 83% in men with PSA 
levels greater than 3.0 to 9.9 ng/mL [4,5]. How-
ever, many studies have demonstrated that obese 
patients have lower PSA levels and large prostate 
size [6,7]. Therefore, patients with high BMI who 
underwent prostate biopsy based on standard 
schemes are less likely to detect a PCa [6,8]. In ad-

dition, obese patients may have a diagnostic delay 
in the routine screening visit because it is more 
difficult to observe abnormal DRE findings due to 
the presence of perirectal fat. 

The purpose of this study was to assess and 
analyse the potential association between obese 
patients and DRE findings for PCa detection.

Methods

Clinical and pathological studies

We retrospectively reviewed the medical records 
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of patients who underwent an initial prostate needle bi-
opsy for abnormal DRE, high PSA levels (≥ 4 ng/mL), or 
both at the Department of Urology between May 2011 
and October 2014. DREs were performed by four expe-
rienced urologists for all patients. Patients with a histo-
ry of biopsy, surgical treatment of prostatic disease, or 
incomplete clinical data were  excluded from study. A 
total of 1113 patients were included in the analysis. Be-
fore the biopsy procedure, patients underwent a phys-
ical examination, including height and weight meas-
urements. BMI was calculated as weight in kilograms 
divided by height in meters square (kg/m2). Obesity 
was defined as BMI ≥30 kg/m2. Transrectal ultrasound 
(TRUS)-guided prostate biopsy (TPB) was performed 
with the patient in left lateral decubitus position using 
a General Electric Logiq 7 machine equipped with a 
5-9MHz multi-frequency convex probe “end-fire”. Each 
TRUS performed included an assessment of the pros-
tatic diameter, the volume of the whole prostate, the 
transition zone, capsular and seminal vesicle character-
istics, as well as morphological description of potential 
pathological features.

After prostate imaging, sampling was carried out 
with a 18-Gauge Tru-Cut needle powered by an auto-
matic spring-loaded biopsy disposable gun.

Two experienced urologists performed a 14-core 
biopsy, as first intention, including 2 lateral peripheral 
(1 basal and 1 apical), 3 conventional parasagittal, and 
2 midline peripheral samples (1 basal and 1 apical) on 
each side. Each patient was treated under local anes-
thesia with lidocaine spray (10g/100ml), applied 2 min 
before the procedure [9]. Age, PSA, BMI, DRE findings, 
prostate volume estimated by TRUS, and Gleason score 
were analysed to assess the potential association be-
tween obesity and PCa detection.  

The primary goal of our study was to validate the 
correlation between obesity and risk of PCa in a biop-
sied population. Subsequently, we have considered the 
relationship between BMI and DRE findings as a possi-
ble cause of diagnostic delay for PCa in obese patients. 

Statistics 

We categorized BMI (kg/m2) as < 25 for normal 
weight, 25-30 for overweight, and ≥ 30 for obese pa-
tients. We also examined BMI as a continuous variable 
and performed tests for associations between BMI and 
clinical variables using the rank sum test for continu-
ous variables and chi square test for categorical varia-
bles. We used logistic and linear regression analysis to 
verify the association between DRE findings and PCa in 
obese patients. All statistical analyses were conducted 
on Microsoft Excel 2010 platform. A p value <0.05 was 
considered to indicate statistical significance. 

Results

A total of 1113 patients underwent 12.1±2.6 
TBPs in the study period. The mean ± SD and me-
dian age was 64.4±6.3 and 63.2 years, respectively. 
Median total PSA was 4.9 ng/mL (range 2.2–20), 
median prostate volume was 43.7 (range 17-145) 
and 383 (34.5%) patients presented had positive 
DRE. The mean ± SD and median BMI was 28.3 
± 4.1 kg/m2 and 27.6 kg/m2, respectively. A total 
of 373 (33.5%) patients were classified as obese 
(BMI ≥30 kg/m2).  No significant difference was 
noted in relation to the number of biopsy cores 
between obese and non obese patients. The obese 
men were older, had a lower PSA concentration, 
a large prostate volume, and were less likely to 
have abnormal DRE findings (Table 1). Histolog-
ical evaluation of biopsy cores showed PCa in 
513 (46.1%) patients and a diagnosis of benign 
prostatic hyperplasia/chronic prostatitis in 437 
patients (39.2%) or  high-grade prostatic intraep-
ithelial neoplasia (HGPIN)/atypical small acinar 
proliferation (ASAP) in 163 patients (14.7%). In 
univariate analysis, BMI ≥30 kg/m2 was signifi-

Table 1. Clinicopathologic features of 1113 patients undergoing prostate biopsy

Features
Normal weight

(<25 kg/m2)
(N: 348)

Overweight
(25-30 kg/m2)

(N: 392)

Obese
(≥30 kg/m2)

(N: 373)
p value

Age (years), mean±SD 63.2±7.1 64.4±6.3 65.2±7.6 NS

Positive family history, N(%) 77 (22.1) 81 (20.6) 93 (24.9) NS

Mean prostate volume, cm3 (range) 30.2 (17-42) 59.3 (32-98) 72.5 (60-145) <0.001

Mean PSA level, ng/mL (range) 6.7 (2.5-17) 6.3 (2.2-20) 5.2 (3.2-19) <0.003

Mean free-to-total PSA,% (range) 15.8 (7-21) 15.4 (8-33) 16.3 (9-28) NS

Abnormal DRE, N(%) 102 (29.3) 111 (28.3) 67 (17.9) <0.001

N° biopsy cores, mean±SD 12.7±2.9 11.9±2.5 12.2±2.7 NS

Gleason score, N(%)

≤6 76 (21.9) 87 (22.2) 101 (27.1) <0.002

7 67 (19.3) 74 (18.9) 72 (19.3) NS

≥8 9 (2.6) 11 (2.8) 16 (4.3) <0.001

SD : standard deviation,  PSA : prostate-specific antigen,  DRE: digital rectal examination, PCa : prostate cancer, NS: not significant
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cantly associated with detection of PCa through 
TBP (p<0.002). Patients with high-grade PCa (HG-
PCa) had higher BMI, compared to patients with 
normal weight. Sixteen patients with Gleason 
score ≥8 were obese compared with 9 non obese 
patients (p<0.001). Multivariate analysis showed 
that age, PSA and prostate volume were not sig-
nificantly associated with a higher risk of cancer 
at biopsy (Table 2). 

Discussion

Obesity is a major public health problem and 
it is associated with several chronic medical con-
ditions such as hypertension, heart disease, and 
diabetes [10]. Obesity has also been associated to 
several cancers (e.g. breast [11], colon [11]), and 
an increased risk of PCa in large prospective co-
hort studies [12,13]. However, the relationship 
between obese patients and PCa development is 
less clear. Masuda et al. [14] analysed 3966 Jap-
anese patients and showed a significant positive 
association between BMI and PCa risk at biopsy, 
with a higher risk observed in patients whose 
BMI was ≥27 kg/m2 compared with the control 
group. In contrast, Lee et al. [15] reported that 
obesity (≥25 kg/m2) was significantly associated 
with lower odds of PCa detection through biop-
sy in 3113 South Korean men. Also, obesity was 
significantly associated with a lower rate of high 
grade (Gleason score > 7) biopsy-detected disease. 

There have been some studies that investigat-
ed the effects of BMI on PSA level and prostate 
cancer detection [8,16], but few studies have eval-
uated DRE accuracy for PCa detection according 
to BMI [7,17]. Freedland et al. [8] examined the 
association between BMI and PSA levels among 
patients who underwent radical prostatectomy for 
PCa. They found no relationship between BMI and 
PSA. However, Benez et al. [18] suggested that the 
PSA level was underestimated in obese men and 
that lower PSA levels were largely due to hemod-
ilution by the large plasma volume in men with 

BMI ≥30 kg/m2. In addition, obesity was associat-
ed with lower serum testosterone concentrations. 
Given that PSA production is under androgenic 
control, this consideration suggests that obesity 
may be associated with decreased PSA level con-
centrations [19]. 

In our study, patients with a higher BMI 
were older, had a lower PSA concentration, a larg-
er prostate volume, and were less likely to have 
abnormal DRE findings (p<0.001). We found that 
patients with higher BMI were statistically signif-
icantly more likely to have PCa on standard biop-
sy scheme (14 cores). Moreover, among patients 
diagnosed with PCa, men with a higher BMI were 
more likely to have HGPCa. 

Early PCa detection depends on prostate bi-
opsy, which is implied by elevated PSA levels 
(≥4 ng/mL) or abnormal DRE findings. However, 
many studies have proved that obese men have 
lower PSA levels and large prostate size; addi-
tionally, it is more difficult to have abnormal DRE 
findings in obese patients due to the presence of 
perirectal fat [5]. Our data are in line with prior 
studies [20,21], and showed that obese patients 
had larger prostate size and ample perirectal fat. 
The clinical implication is that at the time of DRE 
and prostate biopsy it is more difficult to find the 
cancer, assuming a cancer exists. Remzi et al. [22] 
reported that prostate volume was the greatest 
contributor to missing cancers in obese patients. 
Moreover, the reduced detectability of PCa among 
obese men is only relevant for asymptomatic clin-
ically localized disease. 

Several limitations need to be acknowledged. 
A first limitation of our study concerns the race: 
the majority of the participants were white and 
Italians, therefore the present results might not 
be generalizable to other races. Second, this is a 
single center study with a limited number of pa-
tients and small number of obese subjects. Our re-
sults apply to our study cohort only (men under-
going prostate biopsy) and cannot be extended to 
all men at risk for PCa. No follow-up results were 

Table 2. Patient characteristics according to prostate biopsy diagnosis

Characteristics No cancer 
(N:600)

Cancer 
(N:513) p value

Age (years), mean ± SD 64.7±7.2 63.9±6.5 NS

PSA (ng/mL), mean ± SD 7.1±4.3 8.6±5.4 NS

PV (cm3), mean ± SD 56.8±23.8 57.5±24.2 NS

Abnormal DRE, N(%) 56 (9.3) 224 (46.7) <0.001

BMI (kg/m2 ), mean ± SD 25.6±3.5 29.6±3.8 <0.002

SD: standard deviation,  PSA: prostate-specific antigen,  DRE: digital rectal examination, 
PV: prostate volume, NS: not significant
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available in our patients. Therefore, it is possible 
that some patients with a negative biopsy actual-
ly harbored PCa. 

Obesity is a frequent condition in Italian pop-
ulation. We believe that evaluation of the BMI 
should be part of the standard physical examina-
tion of patients in the urological outpatient clinic. 
Numerous factors contribute toward the difficulty 
of detecting PCa in obese men. First, obese men 
have lower PSA values, resulting in reduction of 
PSA-driven biopsy rates. Hypothetically, this is 
due to increased blood volume in obese individ-
uals, leading to PSA hemodilution. Second, obe-
sity may make it more challenging to perform a 
thorough DRE, leading to more missed cancers. 
Lastly, obese men have larger prostates, reducing 
the likelihood of finding cancer at biopsy. Lower 
PSA values combined with difficulties in perform-
ing a through DRE can lead to lower biopsy rates 
among obese men; larger prostates can result in 
more missed cancer cases that collectively lead to 
reduced detection of early stage cancers. In the 

literature the relationship between obesity and 
HGPCa is conflicting and hence detection bias 
does not fully explain the link between obesity 
and aggressive PCa [23,24]. Therefore, our data 
suggest that high BMI may be biologically as-
sociated with an increased risk of PCa develop-
ment, but it is also associated with a reduction 
of detection rate during DRE at the time of the 
urologic examination. Our results demonstrat-
ed that obese patients have lower PSA levels, 
larger prostates and abundant perirectal fat. 
For these reasons, this study suggests a posi-
tive correlation between BMI and PCa detec-
tion, particularly HGPCa detection, at biopsy. 
Lower PSA serum levels and large prostate size 
associated with high BMI indicated a potential 
risk for delayed diagnosis and poor pathological 
outcomes in obese men. 

We believe that larger studies with a longer 
follow-up are needed to determine the effective-
ness of the proposed diagnostic strategy in obese 
men for PCa detection.

References 

1. Okotie OT, Roehl KA, Han M et al. Characteristics of 
prostate cancer detected by digital rectal examination 
only. Urology 2007;70:1117-1120.

2. Karakiewicz PI, Benayoun S, Kattan MW et al. De-
velopment and validation of a nomogram predicting 
the outcome of prostate biopsy based on patient age, 
digital rectal examination and serum prostate specific 
antigen. J Urol 2005;173:1930-1934.

3. Bozeman CB, Carver BS, Caldito G et al. Prostate can-
cer in patients with an abnormal digital rectal exam-
ination and serum prostate-specific antigen less than 
4.0 ng/mL. Urology 2005;66:803-807.

4. Murthy GD, Byron DP, Pasquale D. Underutilization 
of digital rectal examination when screening for pros-
tate cancer. Arch Intern Med  2004;164:313-316.

5. Hu MB, Liu SH, Jiang HW et al. Obesity affects the 
biopsy-mediated detection of prostate cancer, par-
ticularly high-grade prostate cancer: a dose-re-

sponse meta-analysis of 29,464 patients. PLoS One 
2014;9:e106677.

6. Jeon KP, Jeong TY, Lee SY et al. Prostate cancer in 
patients with metabolic syndrome is associated with 
low grade Gleason score when diagnosed on biopsy. 
Korean J Urol 2012;53:593-597.

7. Freedland SJ, Wen J, Wuerstle M et al. Obesity is a 
significant risk factor for prostate cancer at the time 
of biopsy. Urology 2008;72:1102-1105.

8. Freedland SJ, Platz EA, Presti JC Jr et al. Obesity, 
serum prostate specific antigen and prostate size: 
implications for prostate cancer detection. J Urol 
2006;175:500-504. 

9. Dell’Atti L. Lidocaine spray administration in trans-
rectal ultrasound-guided prostate biopsy: Five years 
of experience. Arch Ital Urol Androl 2014;86:340-343.

10. Freedland SJ, Terris MK, Platz EA et al. Body mass 



Digital rectal examination in obese prostate cancer patients 1605

JBUON 2015; 20(6):1605

index as a predictor of prostate cancer: development 
versus detection on biopsy. Urology 2005;66:108-113.

11. Bray GA. The underlying basis for obesity: relation-
ship to cancer. J Nutr 2002;132:3451S-3455S.

12. Calle EE, Rodriguez C, Walker-Thurmond K et al. 
Overweight, obesity, and mortality from cancer in a 
prospectively studied cohort of U.S. adults. N Engl J 
Med 2003;348:1625-1638.

13. Pruthi RS, Swords K, Schultz H et al. The impact of 
obesity on the diagnosis of prostate cancer using a 
modern extended biopsy scheme. J Urol 2009;181:574-
577.

14. Li F, Shen Z, Lu Y, Yun J et al. Serum prostate-spe-
cific antigen concentration and hemodilution among 
Chinese middle-aged obese men: a hematocrit-based 
equation for plasma volume estimation is induced. 
Cancer Epidemiol Biomarkers Prev 2012;21:1731-
1734.

15. Lee SE, Hong SK, Park HZ et al. Higher body mass 
index is associated with lower risk of prostate cancer 
detection via multi (≥ 12)-core prostate biopsy in Ko-
rean men. Urology 2010;76:1063-1066.

16. Werny DM, Thompson T, Saraiya M et al. Obesity is 
negatively associated with prostate-specific antigen 
in U.S. men, 2001-2004. Cancer Epidemiol Biomarkers 
Prev 2007;16:70-76.

17. de Cobelli U, Terracciano D, Tagliabue E et al. Body 
mass index is associated with upstaging and upgrad-

ing in patients with low-risk prostate cancer who met 
the inclusion criteria for active surveillance. Urol On-
col 2015;33:201-208.

18. Bañez LL, Hamilton RJ, Partin AW et al. Obesity-relat-
ed plasma hemodilution and PSA concentration among 
men with prostate cancer. JAMA 2007;298:2275-2280.

19. Gray MA, Delahunt B, Fowles JR et al. Demographic 
and clinical factors as determinants of serum levels of 
prostate specific antigen and its derivatives. Antican-
cer Res 2004;24:2069-2072.

20. Amling CL, Riffenburgh RH, Sun L et al. Pathologic 
variables and recurrence rates as related to obesity 
and race in men with prostate cancer undergoing rad-
ical prostatectomy. J Clin Oncol 2004;22:439-445.

21. Wright ME, Chang SC, Schatzkin A et al. Prospec-
tive study of adiposity and weight change in relation 
to prostate cancer incidence and mortality. Cancer 
2007;109:675-684.

22. Remzi M, Fong YK, Dobrovits M et al. The Vienna nom-
ogram: validation of a novel biopsy strategy defining the 
optimal number of cores based on patient age and total 
prostate volume. J Urol  2005;174:1256-1260.

23. Liang Y, Ketchum NS, Goodman PJ et al. Is there a 
role for body mass index in the assessment of prostate 
cancer risk on biopsy? J Urol 2014; 192:1094-1099.

24. Park J, Cho SY, Lee SB et al. Obesity is associated with 
higher risk of prostate cancer detection in a biopsy 
population in Korea. BJU Int 2014;114:891-895.


