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Abstract. The present study aimed to investigate the rela‑
tionship between BMI and the prostate cancer (PCa) risk at 
biopsy in Italian men. Retrospective analyses of the clinical 
data of 2,372 consecutive men undergoing ultrasound‑guided 
multicore (≥10) prostate biopsy transrectally between May 
2010 and December 2018 were performed. BMIs were catego‑
rized, according to Western countries' classification of obesity, 
as follows: <18.5  kg/m2 (underweight), 18.5‑24.99  kg/m2 
(normal weight), 25‑30 kg/m2 (overweight) and >30 kg/m2 
(obese). The distribution of patients undergoing biopsy was 
compared with a model population from the official survey 
data. Patient characteristics and the relationships between 
characteristics were investigated using correlation analysis, 
ANOVA, Kruskal‑Wallis and Dunn's tests. The present study 
estimated the influence on cancer incidence not only of BMI 
but also of other patient characteristics using multi‑variable 
logistic modelling and compared, using the models, the 
expected outcomes for patients who differed only in BMI. 
From a sample of 2,372 men, the present study enrolled 1,079 
men due to a lack of clinical data [such as prostate specific 
antigen (PSA) and BMI data] in the other patients undergoing 
prostate biopsy. Their distribution was significantly different 
from the model distribution with the probability of undergoing 
biopsy increasing with increasing BMI. The median age was 
69.4 years. The median BMI was 26.4 kg/m2, while the median 

PSA level was 7.60 ng/ml. In total, the biopsies detected PCa 
in 320 men (29.7%) and high‑grade PCa (HGPCa) in 218 men 
(20.2%). Upon applying the aforementioned Western countries' 
criteria for BMI categories, there were 4 (0.4%) underweight, 
318 (29.5%) of normal weight, 546 (50.6%) overweight, and 
211 (19.6%) obese patients. ANOVA/Kruskal‑Wallis tests 
revealed that overweight and obese men were younger than the 
normal‑weight men, while there was no statistical difference 
in their PSA values. Furthermore, 29.3% of normal‑weight 
men, 29.5% of overweight men and 29.9% of obese men 
were diagnosed with PCa, while 19.5% of normal‑weight 
men, 20.1% of overweight men and 21.8% of obese men were 
affected by severe cancer. BMI was found to be positively 
correlated with PCa risk and negatively correlated with both 
age and PSA level. Age and PSA level were both positively 
correlated with PCa risk, while digital rectal examination 
(DRE) outcome was strongly indicative of PCa discovery if 
the test outcome was positive. Logistics models attributed a 
positive coefficient to BMI when evaluated against both PCa 
risk and HGPCa risk. In patients having a negative DRE 
outcome who differed only in BMI, logistic regression showed 
a 60% increased risk of PCa diagnosis in obese patients 
compared with in normal‑weight patients. This risk difference 
increased when other characteristics were less indicative of 
PCa (younger age/lower PSA), while it decreased when patient 
characteristics were more indicative (older age/higher PSA, 
positive DRE). In conclusion, the present study demonstrated 
that, in men with higher BMIs, the risk of PCa is higher. The 
relative difference in risk between low and high BMI is most 
pronounced in younger patients having a lower PSA level and 
a negative DRE outcome.

Introduction

Prostate cancer (PCa) is the second most common cancer in 
the male population, with a prevalence of 59% (48‑71%) in men 
over 79 years of age (1). The incidence of PCa diagnosis varies 
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widely between different geographic areas, reaching peaks 
in Australia/New Zealand, North America and Western and 
Northern Europe. The greater incidence in these geographical 
areas is largely due to the use of prostate specific antigen 
(PSA) and the aging of the population. On the contrary, the 
incidence is low in eastern and central‑southern Asia while 
the rates in eastern and southern Europe, once low, show a 
steady increase (2,3). PCa mortality rates are generally high 
in populations of African descent, intermediate in the United 
States and very low in Asia (2).

Having no symptoms except in very advanced stages (such 
as hematuria and urinary obstruction), PCa is usually suspected 
on the result of rectal examination (DRE) and/or PSA level. 
The definitive diagnosis is histopathological in prostate biopsy 
specimens or from pathological pieces resulting from surgical 
treatment for benign prostatic hypertrophy.

The increase in the incidence of PCa, in the presence of 
a family history or a racial background, suggests a genetic 
predisposition  (4,5). However, only a small subpopulation 
of men with PCa truly have a hereditary disease, defined as 
three or more affected relatives or at least two relatives who 
have developed early‑onset PCa (<55 years) (5). Although the 
disease is diagnosed six to seven years earlier than average, the 
aggression and the clinical course do not seem to differ (5,6). 
On the contrary, in men of African origin there is a higher 
incidence of disease with a generally more aggressive 
course (7). Genomic studies have identified 100 susceptibility 
loci contributing to the risk of PCa, explaining approximately 
39% of the familial risk for this disease (8,9). In addition, a 
12% incidence of germline mutations in genes that mediate 
DNA repair processes was found among men with metastatic 
disease (10). Germinal mutations in genes such as BRCA 1/2 
and HOXB13 have been associated with an increased risk of 
PCa (11,12).

Numerous exogenous/environmental factors have been associ‑
ated with the risk of developing PCa or discussed as etiologically 
important for progression from latent to clinically significant 
disease (13). A study of Japanese men showed a lower risk of 
PCa than men in the Western world. However, after moving to 
California, their risk of PCa increased, becoming similar to that 
of American men, implying an involvement of environmental or 
dietary factors (14). In this regard, it is very important to assess 
the role of obesity which is an increasing health problem; it affects 
more than 300 million people worldwide (15). In epidemiological 
and basic research studies, obesity has been repeatedly linked 
to the development of different cancers (16,17). As a cancer risk 
factor, obesity is second only to tobacco consumption (18) and is 
linked to increased mortality from all cancers, including PCa (19).

Among the reasons for cancer‑related deaths are 
obesity‑mediated delays in diagnosis (due to the insufficien‑
cies of our testing) and the underestimation of disease severity 
due to obesity. The obesity‑mediated delay in PCa diagnosis 
is due to the relative association between obesity and lower 
PSA (prostate‑specific antigen) levels found in this category 
of patients (20‑28). It is possible that this inverse association 
is due to hemodilution along with increased blood volume 
and lower testosterone levels in obese patients (29). Moreover, 
several studies have argued that obesity is a possible impedi‑
ment to cancer screening in general  (30‑32). Thus, obese 
patients are affected by occult locally advanced disease, even 

with relatively low PSA levels, stage for stage (33,34). Several 
studies in Western populations have shown that progression 
and prognosis in PCa, which causes more than a quarter of 
a million deaths worldwide every year  (35), are inversely 
correlated with the patient's body mass index (36,37). For 
example, in a study that involved a free prostate screening 
program in North Carolina, Price et al (28) found that PSA and 
body mass index were inversely related. Since then, however, 
several reports have shown conflicting results. Some studies 
have not found associations (38‑40), but most have suggested 
an inverse relationship between BMI and PSA  (20‑28). A 
previous meta‑analysis showed an association of a BMI over 
30 with a 15 and 37% higher risk of PCa and high‑grade PCa 
detection, respectively, at biopsy (41). In addition, MacInnis 
and English (42), in their meta‑analysis and systematic review 
involving 31 cohort and 25 case‑control studies, found that 
BMI was a weak, but statistically significant, predictor of 
tumor risk (relative risk: 1.05 per 5 kg/m2 increment; 95% 
confidence interval: 1.01‑1.08).

To further investigate the relationship between BMI and 
PCa and HGPCa detection at biopsy in a Western population, 
we conducted a retrospective analysis not only of BMI but also 
of PCa and high‑grade PCa risk at biopsy. The impact of this 
study could be extensive, as revealing the true impact of BMI 
on biopsy results could be helpful for current PCa screening 
strategies for patients with different body weights. We supposed 
that, after controlling for clinical characteristics, we would find 
not only an inverse association between the prebiopsy PSA level 
and the BMI but also a significant direct relationship between 
PCa risk and BMI.

Patients and methods

Study population and study variables. Once patients gave 
informed consent for us to obtain their clinical data before 
their biopsies, we retrospectively reviewed the clinical data of 
2372 consecutive patients undergoing transrectal ultrasound 
(TRUS)‑guided initial multicore (≥10) prostate biopsies 
between May 2010 and December 2018 at Department of 
Urology of Umberto I Hospital in Nocera Inferiore. The 
biopsy indications included three conditions: (1) elevated PSA 
levels (≥4 ng/ml); (2) digital rectal examination (DRE) find‑
ings suggestive of malignancy; and (3) both. All the multicore 
needle biopsies were performed under TRUS guidance. The 
exclusion criteria were as follows: (1) previous prostate biopsy, 
(2)  prostate surgery, (3)  current or previous therapy with 
5‑alpha‑reductase inhibitors, and (4) a known diagnosis of 
PCa. Additionally, patients with unavailable BMI data, dates 
of birth or Gleason scores were also excluded, leaving a total 
study population of 1,079 patients. All the men showed at least 
one measured serum PSA level and underwent DRE. Data on 
age, pre‑biopsy BMI, pre‑treatment PSA, DRE, diagnostic 
imaging and pathological results of prostate biopsy were 
collected retrospectively. The BMI (kg/m2) was calculated 
as weight in kilograms divided by height in meters squared. 
All the men were divided into four groups depending on 
their BMIs, which were calculated according to the criteria 
and classification of obesity in Western countries as follows: 
underweight (<18.5 kg/m2), normal weight (18.5‑24.99 kg/m2), 
overweight (25‑30 kg/m2), and obese (>30 kg/m2). Prostate 
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biopsy was performed transrectally and guided by ultrasound, 
with the patient placed in the left lateral position. The prostate 
volume was measured using the ellipsoid formula. A 12‑core 
or 20‑core systematic biopsy was performed depending on 
the urologist's assessment of the prostate volume and DRE 
findings. The core specimens were examined by an expert 
pathologist in our institution. When diagnosed at biopsy, 
PCa was scored according to the Gleason grading system as 
follows: 0 <GS ≤7 (3 + 4) indicated low‑grade PCa (consid‑
ered clinically insignificant), while GS ≥7 (4 + 3) indicated 
high‑grade PCa (considered clinically significant).

Statistical analysis. Differences in the patients' character‑
istics (age, BMI and PSA), overall PCa detection rate and 
HGPCa detection rate across the BMI categories were 
evaluated. Normality was evaluated from histograms and 
Shapiro‑Wilks (SW) tests while uniformity of variance 
was evaluated using Levene's test after which the analysis 
proceeded in both parametric and non‑parametric fashion 
using one‑way ANOVA (with Bonferroni correction as the 
post hoc test), or Kruskal‑Wallis and Dunn's test to deter‑
mine the significance of the observed variations in patients' 
characteristics. Correlation between the patients' character‑
istics was evaluated using Pearson's and Spearman's tests. 
The effect of BMI on the distribution of patients undergoing 
biopsy was determined by the chi‑squared goodness of 
fit testing against a model distribution built from data 
obtained from population surveys. In addition to linear 
and rank‑order correlation, multivariate logistic modeling 
was used to determine the effect of the patients' charac‑
teristics on the biopsy outcome. Modeling was divided in 
two groups: the first group of models was performed on no 
cancer/cancer result, while the second group of models was 
performed on PCa/HGPCa result provided that a cancer is 
detected. Within each group a leave‑one‑out approach was 
used to determine the impact of omitted characteristics on 
the model's performance, which was described by means 
of area under receiver operating characteristic curve (ROC 
AUC), sensitivity and specificity. Since there were only four 
patients in the underweight BMI category, these patients 
were neglected in the statistical analyses because of their 
lower statistical significance.

Results

Patient BMI distribution vs. modeled distribution. A BMI 
distribution under the hypothesis that BMI has no effect 

on the probability of being included in the study was 
calculated from data obtained from ISTAT for the popula‑
tion in the Campania region. The model was weighed for 
the age of the patients under observation and the number 
of patients in each year under the study. The results from 
Chi squared goodness of fit testing are reported in Table I 
and show that there is a statistically significant difference 
between the observed and modeled distributions with the 
obesity and overweight categories that are over‑represented 
in the sample and the normal‑weight category being 
under‑represented.

Patient characteristics. The baseline characteristics of the 
overall study population are presented in Table II. For the 
1,079 patients enrolled in this study, the median age was 
69.4 years, the median BMI was 26.4 kg/m2 and the median 
PSA level was 7.6 ng/ml. In total, PCa was detected at biopsy in 
320 men (29.7%), while HGPCa was found in 218 men (20.2%). 
It is worth noting that the patients affected by HGPCa were not 
included in the evaluation of patients within the PCa subgroup. 
Upon applying the aforementioned Western countries' criteria 
for BMI categories, there were 4 (0.4%) underweight (UW) 
patients, 318 (29.5%) normal‑weight (NW) patients, 546 
(50.6%) overweight patients (OW) and 211 (19.6%) obese (OB) 
patients.

Figure 1. Biopsy outcomes across the BMI categories. HGPCa, high‑grade 
prostate cancer; NW, normal‑weight; OB, obese; OW, overweight; PCa, 
prostate cancer.

Table I. Number of patients per category in modelled and observed cases and χ2 test results.

Parameter	 Underweight	 Normal‑weight	 Overweight	 Obese

Expected patients from 	 7 (0.7)	 375 (34.8)	 532 (49.3)	 164 (15.2)
model distribution, n (%)
Observed patients, n (%)	 4 (0.4)	 318 (29.5)	 546 (50.6)	 211 (19.6)
Difference in observed vs. 	 ‑0.3	 ‑5.3	 +1.3	 +4.4
modeled, %
χ2 test statistic (P‑value)	 10.46 (0.015)
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BMI and PCa detection. Fig. 1 shows the risk of overall 
cancer detection at biopsy across the BMI categories. The 
percentage of men diagnosed with PCa at biopsy was 75% in 
the underweight group, 29.3% in the normal‑weight group, 
29.5% in the overweight group and 29.9% in the obese group. 
With regard to high‑grade PCa, 0% of the underweight, 
19.5% of the normal‑weight, 20.1% of the overweight and 
21.8% of the obese men were affected. In these cases, the 
percentages were calculated not with respect to the total 
number of patients in each cancer class, but with respect to 
the total number of patients in each BMI class. Histograms 
and kernel density estimates were calculated and are plotted 
in Fig. 2. The plots show the patients' characteristics overall 
and among BMI categories. Due to the very wide range of 
values taken by PSA level a logarithmic (log) transformation 
on this parameter was applied in order to obtain a distribu‑
tion closer to a gaussian. Shapiro‑Wilk's (SW) test, Levene's 
(L) test, one way ANOVA (OWA) test Kruskal‑Wallis (KW) 
and Dunn's test results are shown in Table III. Across the 
BMI categories, the hypotheses of normal distribution could 
be rejected according to the SW test in the NW and OW 
categories for age distribution and in all the categories for 
log(PSA) distribution. Across all categories, for age and 
log(PSA), the hypotheses of equal variances could not be 
rejected. The OWA and KW/Dunn's tests indicated that the 
obese men were younger than the normal‑weight patients 
and this result was statistically significant, as shown in 

Table III. PSA, analyzed as log(PSA), did not return statisti‑
cally significant differences across the categories. Parameter 
correlation results given in Fig. 3 show that BMI has a very 
low positive correlation with the cancer outcome and the 
HGPCa. PSA, Age and DRE have a stronger correlation 
against the outcomes in both cases. BMI has a very low 
negative correlation with age and PSA while the inverse is 
true for DRE. The results are true both under Pearson's test 
and under Spearman's.

Multiple logistic modeling of PCa and HGPCa outcomes. 
The results obtained from logistic modeling are shown in 
Tables IV‑VII. In the cancer vs. no cancer models the BMI 
parameter estimates are always positive when included; 
however, omitting BMI, it does not have an effect on the 
performance of the model. Model performance as determined 
by AUC ROC is affected mostly by the removal of log(PSA) 
and DRE with a simultaneous drop in specificity for the 
former and sensitivity for the latter. In general, there is an 
increase in a cancer diagnosis at biopsy with increasing BMI, 
PSA level, Age, Year of examination and positive DRE find‑
ings. For the model discriminating between HGPCa and PCa, 
given a cancer diagnosis, the results were in general statisti‑
cally more uncertain. In this case the model indicated that the 
ratio of HGPCa/PCa was decreasing as the years under study 
progressed and increased with an increase in BMI, age, PSA 
level and positive DRE findings.

Table III. Shapiro‑Wilks, Levene, one‑way ANOVA, Kruskal‑Wallis and Dunn's test results across BMI categories.

Test	 Variable	 Category	 Test result (P‑value)

Shapiro‑Wilks	 Age	 NW	 0.988 (0.011)
Shapiro‑Wilks	 Age	 OW	 0.992 (0.009)
Shapiro‑Wilk	 Age	 OB	 0.992 (0.300)
Shapiro‑Wilks	 log(PSA)	 NW	 0.903 (<0.001)
Shapiro‑Wilks	 log(PSA)	 OW	 0.832 (<0.001)
Shapiro‑Wilks	 log(PSA)	 OB	 0.909 (<0.001)
Levene's	 Age	 NW vs. OW	 0.631 (0.427)
Levene's	 Age	 NW vs. OB	 2.188 (0.138)
Levene's	 Age	 OW vs. OB	 1.075 (0.300)
Levene's	 log(PSA)	 NW vs. OW	 0.631 (0.427)
Levene's	 log(PSA)	 NW vs. OB	 2.188 (0.138)
Levene's	 log(PSA)	 OW vs. OB	 1.075 (0.300)
One‑way ANOVA	 Age	 NW vs. OW vs. OB	 3.252 (0.039)
One‑way ANOVA	 log(PSA)	 NW vs. OW vs. OB	 0.107 (0.898)
One‑way ANOVA, Bonferroni post hoc	 Age	 NW vs. OW	 3.374 (0.200)
One‑way ANOVA, Bonferroni post hoc	 Age	 NW vs. OB	 5.775 (0.0498)
One‑way ANOVA, Bonferroni post hoc	 Age	 OW vs. OB	 1.177 (0.834)
Kruskal‑Wallis	 Age	 NW vs. OW vs. OB	 8.55 (0.014)
Kruskal‑Wallis	 log(PSA)	 NW vs. OW vs. OB	 1.687 (0.430)
Dunn's	 Age	 NW vs. OW	 0.065
Dunn's	 Age	 NW vs. OB	 0.020
Dunn's	 Age	 OW vs. OB	 0.984

NW, normal‑weight; OB, obese; OW, overweight; PSA, prostate specific antigen.
�
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Figure 3. Pearson correlation (left) and Spearman correlation (right) of patient characteristics and outcomes. DRE, digital rectal examination; HGPCa, 
high‑grade prostate cancer; PSA, prostate specific antigen.

Figure 2. BMI, age, and log(PSA) histograms and kernel density estimates according to BMI distribution. PSA, prostate specific antigen.
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Discussion

The impact of body weight gain on PCa detection is a global 
health problem, affecting not only Western countries but 
also Asian countries due to increasingly prevalent unhealthy 
lifestyle changes. The increasing obesity rates and higher inci‑
dence of PCa in Asia have inspired several studies to address 
the correlation between BMI and PCa detection among Asian 
populations (43‑47). Furthermore, Lavalette et al (48) found 
that men with a normal BMI at age 20 developing overweight 
or obesity during adulthood were at increased risk of aggres‑
sive PCa compared to men who maintained a normal BMI. 
These results emphasized the importance of maintaining 
a healthy BMI throughout adulthood. Then, according to 
Michael et al (49), regardless of exercise, higher BMI is linked 
with higher risk of aggressive PC while exercise is unrelated 
to PC risk. Therefore, in this study, we evaluated the biological 
association between a higher body mass index and an increased 
risk of PCa development. We initially constructed a model for 
the BMI distribution of the patients under study under the 
hypothesis that BMI did not affect the chance of passing the 
inclusion criteria for this study. Chi squared goodness of fit 
testing indicated that this model distribution was significantly 
different than the observed patient distribution. This differ‑
ence is correlated with BMI as the higher BMI categories (OW, 
OB) showed an increase in inclusion from the model distribu‑
tion with the lower BMI categories showing a decrease. This 
is significant because the parameters for inclusion themselves 

(PSA, DRE) were shown to be positively correlated with the 
probability of detecting PCa or HGPCa at biopsy. We further 
hypothesized that several factors, such as PSA levels, can play 
an important role in PCa detection; specifically, we hypoth‑
esized that increases in BMI are inversely correlated with 
serum PSA levels (50,51). This inverse relation may be linked 
to the low testosterone levels in obese patients (40) or to larger 
plasma volumes as a hemodilution effect (29). In either case, 
the lower PSA levels in obese men could obscure the presence 
of PCa. In an attempt to test this hypothesis, we investigated 
the associations among BMI, PSA levels, age at biopsy, DRE 
and PCa risk. In particular, correlation tests showed that BMI, 
PSA, age and DRE were positively correlated with cancer 
detection. The same tests showed that BMI was negatively 
correlated with both age, as found in other studies (44), and 
PSA. Upon further investigation with ANOVA, Kurskal‑Wallis 
and Dunn's tests the age distribution among the normal‑weight 
and obese categories was found to be significantly different; 
in particular, Dunn's test showed that difference in the median 
age between normal‑weight patients and obese patients was 
statistically significant i.e., the obese patients were younger. 
It is interesting to note that, although age and PSA levels 
decrease with increasing BMI category, the rate of cancer 
detection rises slightly. This suggests that BMI, or a factor 
positively correlated with it, is driving cancer detection and 
compensating for the age and PSA level decrease. Furthermore, 
higher BMI contributes to creating a more favorable biological 
microenvironment for cancer onset and growth. According to 

Table VI. Confidence intervals (95%) for the variable coefficients estimated by the logistic regression models for prediction of 
cancer presence vs. absence.

Model	 Intercept	 BMI	 log(PSA)	 Age	 DRE	 Year

Model 1	 ‑6.972, ‑3.547	 ‑0.002, 0.074	 0.909, 1.758	 0.017, 0.052	 1.061, 1.720	 0.062, 0.246
Model 2	 ‑5.475, ‑2.916	 Omitted	 0.908, 1.757	 0.016, 0.050	 1.066, 1.724	 0.061, 0.245
Model 3	 ‑5.983, ‑2.686	 ‑0.002, 0.072	 Omitted	 0.021, 0.056	 1.206, 1.848	 0.047, 0.227
Model 4	 ‑3.936, ‑1.677	 ‑0.007, 0.068	 0.990, 1.846	 Omitted	 1.090, 1.744	 0.053, 0.235
Model 5	 ‑7.250, ‑3.955	 0.002, 0.075	 1.120, 1.930	 0.021, 0.054	 Omitted	 0.149, 0.325
Model 6	 ‑6.444, ‑3.104	 ‑0.002, 0.073	 0.881, 1.723	 0.015, 0.050	 1.176, 1.821	 Omitted

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

Table VII. Confidence intervals (95%) for the variable coefficients estimated by the logistic regression models  for prediction of 
HGPCa vs. PCa conditional on cancer being present.

Model	 Intercept	 BMI	 log(PSA)	 Age	 DRE	 Year

Model 7	 ‑6.692, ‑2.004	 ‑0.023, 0.073	 0.112, 1.022	 0.020, 0.070	 ‑0.156, 0.654	 ‑0.418, ‑0.157
Model 8	 ‑5.370, ‑1.781	 Omitted	 0.115, 1.025	 0.019, 0.069	 ‑0.148, 0.661	 ‑0.418, ‑0.157
Model 9	 ‑6.413, ‑1.759	 ‑0.022, 0.074	 Omitted	 0.024, 0.074	 ‑0.018, 0.763	 ‑0.428, ‑0.168
Model 10	 ‑2.391, 0.445	 ‑0.032, 0.063	 0.221, 1.127	 Omitted	 ‑0.127, 0.672	 ‑0.426, ‑0.168
Model 11	 ‑6.778, ‑2.102	 ‑0.022, 0.074	 0.195, 1.079	 0.021, 0.071	 Omitted	 ‑0.384, ‑0.139
Model 12	 ‑7.440, ‑2.870	 ‑0.024, 0.071	 0.188, 1.094	 0.023, 0.072	 ‑0.413, 0.340	 Omitted

DRE, digital rectal examination; HGPCa, high‑grade prostate cancer; PCa, prostate cancer; PSA, prostate specific antigen.
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some studies, men with a higher BMI are likely to produce less 
testosterone, resulting in PCa that is less androgen‑dependent 
and, consequently, more aggressive (52). About this, in his 
prospective, hospital‑based, cross‑sectional study involving 
consecutive patients with PCa, Nwadi et al (53) found that 
the BMI of patients with PCa correlated positively with their 
Gleason score. Excessive adiposity might also result in the 
secretion of different adipokines and inflammatory cytokines, 
which may promote tumor growth (54). In addition, obese 
men usually have high levels of insulin and insulin‑like 
growth factor 1 (IGF‑1), both of which can inhibit apoptosis 
and encourage carcinogenesis (55). Prostate biopsy is usually 
prompted by either an abnormal DRE finding suggestive of 
cancer or, more often, an elevated PSA blood value. Factors 
such as patients' ages can potentially hide the impact of BMI 
on PCa detection at biopsy, as has also been evidenced by 
previous studies (40,56). Logistic models allow us to estimate 
the influence that BMI has on cancer detection by controlling 
for such factors. Table VIII shows the results from Model 1 
(full model) on 'median patients' where the patients have 
median characteristics and vary only in their BMI. Two cases, 
one with a positive DRE outcome and one with a negative 
DRE outcome, are considered. The above results suggest that 
BMI has a substantial incidence on PCa detection, especially 
in those patients where the expectation of finding PCa would 
be lower such as those with a negative DRE finding (as shown 
in table) or have a lower age or PSA level. In patients with posi‑
tive DRE result, the increase in BMI still contributes positively 
to the likelihood of cancer detection; however, the relative 
difference between normal weight and obese patients is less 
marked due to the high baseline detection associated with a 
positive DRE outcome. When estimating the influence of BMI 
on the rate of HGPCa when cancer is detected, the results from 
Table VI. show that BMI has a positive coefficient as well. The 
result is, however, statistically insignificant; this fact indicates 
that, although it can be concluded that BMI drives cancer 
detection in general, it cannot be concluded with certainty that 
HGPCa is driven more than, or at the expense of, PCa. These 
results suggest, however, that a larger study might confirm this, 
provided the trends are similar. The present study presents 
some limitations that must be taken into account. First, the 
study was carried out in a single center and, for this reason, 
it might not represent the whole population of Italy. However, 
to the best of our knowledge, there has not, to date, been a 
single‑center Italian study that has evaluated such a large 
number of patients undergoing prostate biopsy. Therefore, 
our study is the first of its kind. Second, the prebiopsy PSA 
levels were collected over eight years, making our findings 
susceptible to laboratory heterogeneity. Nonetheless, this level 
of variation was taken into account by controlling for the year 
in which the measurement was done. Third, BMI (calculated 
from self‑reported height and weight) might be an imperfect 
measure of obesity, leading to potential deviations from 
patients' true measurements. It was impossible to distinguish 
fat from muscle with the BMI, whereas the waist circumfer‑
ence (57), waist‑to‑hip ratio (58) and percentage of visceral 
adipose tissue (59) have recently been shown to be better obesity 
indicators. Furthermore, according to Choi et al (60), there 
is a discrepancy in the trend of PCa development according 
to BMI among the groups with different categories for waist 
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circumference: higher the waist circumference category, the 
stronger was the association with BMI. Nonetheless, BMI is 
a convenient alternative to other obesity indicators and has 
a universal measurement standard. Moreover, its association 
with PSA has been thoroughly studied, making it a generaliz‑
able and convenient proxy for obesity. Finally, the study failed 
to adjust for additional confounding factors that could possibly 
be associated with PSA levels, such as the duration of obesity, 
medication use, comorbidities, daily diet and exercise. When 
considering the implications of this study on a random sample 
of the population the effect of BMI on PCa outcome is likely 
to be underestimated due to the effect of the inclusion criteria.

In conclusion, taking into account the above limitations, 
our results still have important implications for PCa screening 
and detection for obese patients. In the current study, the risk 
of developing PCa was found to be higher in men with higher 
BMI with significantly younger obese patients suffering from 
similar levels of pathology as older normal‑weight patients. 
In model patients with median characteristics, the relative 
risk analysis of cancer diagnosis shows that for patients with 
a negative DRE result, obesity accounts for a 60% increased 
risk. Instead, when the DRE outcome is positive, the increase 
is subdued due to the high baseline risk in this scenario. This 
suggests that obese patients are more likely to be affected by 
advanced disease at a younger age and, hence, might benefit 
from more aggressive treatment options.
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