Global Journal of Medical and Clinical Case Reports
Gioia A1, Manco R2, Tenaglia R.L2,
Tirabassi G1* and Balercia G1
Endocrinology Unit, Polytechnic University of Marche,
Ancona, Italy
2
Department of Urology, University of Chieti, Chieti,
Italy
1

Dates: Received: 16 Septmebr, 2014; Accepted: 22
October, 2014; Published: 24 October, 2014
*Corresponding author: Giacomo Tirabassi,
Endocrinology Unit, Polytechnic University of
Marche, Ancona, Italy, Tel: +390715963738; Fax:
+390715964741; E-mail:

eertechz

Research Article

Relationship between BMI, PSA and
Histopathological Tumor Grade in
a Caucasian Population Affected by
Prostate Cancer

www.peertechz.com

Abstract

ISSN: 2455-5282

The aim of this work is to show the relationship between obesity and aggressivenes
of Prostate Cancer. We conducted a retrospective study of 132 men affected by Prostate
Cancer underwent radical prostatectomy. Gleason score was abstracted by biopsy
specimens and by post-operatory specimens. We evaluated PSA level and Body Mass
Index (BMI). The prevalence of Post Operative Gleason Score > 8 among subjects with
lowest tertile of PSA was higher in obese (BMI > 30 Kg/m2) (94.4%) vs overweight subjects
(BMI 25-29.9 Kg/m2) (19.2%) (p< 0.01); the prevalence of Post Operative Gleason Score
>8 among subjects with second tertile of PSA was higher in obese (100%) and overweight
(70%) vs normal weight subjects (0%) (p<0.01 and p<0.001 respectively); the prevalence
of Post Operative Gleason Score >8 among subjects with third tertile of PSA was higher in
obese (100%) and overweight (62%) vs normal weight subjects (0%) (p<0.05 respectively).
We believe that changes in the levels of PSA and Gleason Score, observed as a function
of class BMI, could be due to separate mechanisms: PSA levels could be influenced by
the effect of dilution by increased plasma volume of the subjects obese, while tumor grade
could be affected by the hormonal changes induced by adipose tissue.
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Introduction
Prostate Cancer (CaP) is the most commonly diagnosed
malignancy in men from industrialized countries [1]. Race,
familyhistory and age are the most common established risk factors
associated with prostate cancer development [2-4].
Numerous studies report the existence of interlinked exogenous
and endogenous factors involved in the induction and progression
of CaP. Lifestyle factors, for example physical activity and eating
habits, such a higher intake of dietary fat, play a significant role in the
pathogenesis of CaP [5,6].
Several studies have suggested that obesity, defined as a Body Mass
Index (BMI) > 30 Kg/m2 is associated with several hormones changes
that have been related to a more aggressive CaP [7,8]. A recent study
showed that periprostatic adipose tissue has the potential to modulate
CaP aggressiveness, through the increase of periprostatic adipose
metabolic activity that stimulates the progression of cancer cells [9].
Moreover, a previous report showed an association of periprostatic
adipose tissue thickness with CaP severity [10].
There are several mechanisms by which obesity is thought to
promote adverse CaP outcomes. Biological mechanisms include
altered levels of circulating hormones that may promote prostate
cancer aggressiveness including insulin, insulin-like growth factor
1, leptin and adiponectin as well as dysregulation of sex hormone
pathways leading to altered testosterone and estradiol levels [11].

Obesity has been showen to be associated with lower serum
Prostate Specific Antigen (PSA) levels mainly due to increased plasma
volume among men with large body habitus and lowered PSA among
men with increased BMI has been found in a number of reports [1215].
The primary objective of this study was to analyse the relationship
between BMI, PSA and tumor grade of CaP postoperative specimen.

Materials and Methods
From January 2011 to July 2012 we heve recruited 132 consecutive
patients with CaP. All patients were diagnosed by increased PSA
(Tosoh AIA-Pack Tumor Panel), positive digital rectal exploration
and subsequent ultrasound-guided prostate biopsy, after giving
informed consent.
Radical retropubic prostatectomy was performed using a 4-suture
reconstructive urethrovescical anastomosis at the 2,4,8 and 10 o’clock
positions. All patients underwent bilateral pelvic lynphadenectomy
and before wound closure in all cases two drains were placed.
Exclusion criteria included subjects over 80 years of age,
patients who had a history of CaP or prostate surgery, patients
taking finasteride or dutasteride, individuals with PIN (prostatic
intraepithelial neoplasm), subjects with repeated negative biopsy and
high PSA, individuals with atypical prostate hyperplasia, subjects with
other associated urological tumors, individuals with an indwelling
bladder catheter, subjects with chronic diseases such as renal, liver or
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respiratory failure, current androgen supplementation use, patients
with metastatic CaP or radiotherapy pretreatment. We recorded
patient’ smoking habits.

Table 1: Characteristics of the samples. Data are expressed as medians
(quartiles) (continous variable) as percentages (categorical variables). BMI=
Body Mass Index; PSA=Prostatic Specific Antigen; BGS=Gleason Score Biopsy;
POGS=Postoperative Gleason Score.

All patients had 10 cores taken during the biopsy procedure that
was performed according to a standard departmental protocol [16].

Median
N subject

(Range)

%

132

Gleason score was identified by biopsy specimens and by
postoperative specimens to define tumor aggressiveness by a single
pathologist: Gleason score ≤5 (low), Gleason scores 6-7 (intermediate)
and Gleason Score > 8 (high) [17]. Before the biopsy procedure,
patients underwent a detailed physical examination, including height
and weight measurements. BMI was calculated as weight in kilograms
divided by height in meters, squared (Kg/m2). All men were assigned
into World Health Organization (WHO)-defined groups based on
calculated BMI as follows: normal weight (< 25 Kg/m2), overweight
(25-29.9 Kg/m2), and obese (> 30 Kg/m2).

Age

We evaluated the distribution of the individual variables of
independent samples. As the distribution of the studied variables
was abnormal, the samples were compared with Kruskal Wallis
when they were above two in order to define a trend; the comparison
between couples of samples was performed with the Mann Withnei
test. No-parametric variables were compared with Chi-square. The
relationship between variables was assessed by bivariate correlation
and partial correlation with removal of the effects of confounding
factors. The odds ratio for the development of aggressive tumors was
calculated between two classes of risk, with a confidence interval of
95%. A p-value of 0.05 or less was considered statistically significant.
Statistical analysis was performed using the SPSS 17.0 software.

PSA levels and smoking status in these three classes of POGS. In
the category of subjects with BMI= 25-29.9 Kg/m2 (mean age age 68
anni, median BMI 26,8 kg/m2) we recorded the highest prevalence
of POGS> 8 (49.3%) and POGS= 6-7 (50.7%) vs POGS ≤ 5 (0%) (p<
0.0001 respectively). No difference in age between the three classes of
POGS was found; however, they differed in the levels of PSA: 6.88 ng/
ml in POGS= 6-7 compared to 8.86 ng/ml in POGS> 8 (p<0.01) and
in the smoking status: non-smokers in POGS= 6-7 (23.7%) compared
to non-smokers in POGS> 8 (62.2%) (p< 0.05). In the category of
subjects with BMI>30 Kg/m2 (mean age 66 anni, median BMI 31,3 kg/
m2) we noted the highest prevalence of POGS> 8 (95.8%) vs POGS< 5
(0%) and POGS= 6-7 (4.2%) (p<0.0001 respectively); we did not find
a difference in age, PSA levels and smoking status in these classes of
POGS (Figure 1A).

Results
The study population consisted of 132 patients who underwent
radical retropubic prostatectomy. The mean age was 67 (51-79)
years (caucasian population). Clinical characteristics of the whole
population are summarized in (Table 1).
The prevalence of overweight was higher (56.8%) vs normalweight (25%) and obese (18.2%) respectively (p< 0.001).
PSA levels decreased as a function of BMI category: 8.5-7.9-6.0 ng
/ ml in the normal weight, owerweight and obese group respectively
(p <0.001). The values of Post-Operative Gleason Score (POGS) and
Biopsy Gleason Score (BSG) increased as a function of BMI category:
5-7-8 and 5-6-7 respectively (p <0.001) (data not shown).
In the whole population the values of BGS were lower than the
values of POGS: 6 vs 7 (p <0.001); in normal weight the values of BGS
and POGS did not differ significantly, however, in overweight and
obese subject lower values of BGS (6 and 7 respectively) compared
to POGS were found (7 and 8 respectively) (p <0.001 respectively)
(data not shown). We did not find any significant differences between
normal weights, overweight and obese categories for age and smoking
status.
In the category of subjects with BMI< 25 kg/m2 (mean age 65
anni, median BMI 23,9 kg/m2 )we noted the highest prevalence of
POGS ≤ 5 (81.8%) vs POGS= 6-7 (18.2%) and POGS> 8 (0%) (p
<0.01 and p< 0.001 respectively), we did not find differences in age,
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67

(51-79)

27.1

(20.8-43.4)

PSA tot. ng/ml

7.9

(4.7-18.7)

BGS

6.0

(2-8)

POGS

7.0

(2-10)

BMI Kg/m

Smoking yes N

4

3

no N

52

39.4

ex N

76

57.6

All subjects with POGS ≤5 (mean age 65 anni, median BMI 24,0
kg/m2) showed a level of BMI< 25 kg/m2; among subjects with POGS=
6-7 (mean age 67 anni, median BMI 26,3 kg/m2) the prevalence of
BMI= 25-29.9 kg/m2 (84.4%) was higher than the prevalence of BMI
<25 kg/m2 (13.3%) and BMI> 30 kg/m2 (2.2%) (p <0.0001 respectively);
we did not find significant differences for age, PSA levels and smoking
status in these three subclasses. Among subjects with POGS> 8 (mean
age 67 anni, median BMI 28,1 kg/m2) the prevalence of BMI= 2529.9 Kg/m2 (61.7%) and BMI> 30 Kg/m2 (38.3%) was higher than the
prevalence of BMI<25 Kg/m2 (0%) (p< 0.0001 respectively) (Figure
1B); we did not find significant differences in age and smoking status
in this subclass of BMI, however PSA levels differed: they were higher
in the subclass of BMI= 25-29.9 Kg/m2 (17.72 ng/ml) compared to
subclass of BMI> 30 Kg/m2 (5.98 ng/ml) (p< 0.0001).
PSA levels were higher in subjects with POGS ≤5 (8.34 ng/ml)
vs POGS= 6-7 (7.01 ng/ml) (p< 0.01); there were no significant
differences in PSA levels between subjects with POGS > 8 compared
to other POGS. The levels of BMI increased as a function of POGS (p
for trend < 0.001) (Figure 1C).
BMI, considered as a continuous variable, correlates inversely
with levels of PSA (r= -0.188; p< 0.05) and correlates directly with
POGS (r= 0.560; p<0.01); the correlation between BMI and POGS
remained direct and significant after removing the confounding
factors (Table 2).
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Figure 1a: Prevalence of subjects with low, medium and high POGS in the
three classes of BMI.
*All p <0.05; # p<0,0001 for POGS <5 vs POGS 6-7 and POGS >8; ¥ p<0.0001
for POGS >8 vs POGS <5 and POGS 6-7.
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De Nunzio et al. in a group of 650 patients confirmed that PSA
could not be used to distinguish prostate cancer from benign disease
or high grade prostatic intraepithelial neoplasia [19]; López Fontana
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Figure 1b: Prevalence of normal weight, overweight and obese subjects
in three classes of POGS. *p<0.0001for BMI<25 Kg/m2 vs BMI 25-29.9 Kg/
m2 and BMI >30 Kg/m2; #p<0.0001 for BMI 25-29.9 Kg/m2 vs BMI<25 Kg/m2
and BMI>30 Kg/m2; ¥p<0.0001 for BMI<25 Kg/m2 vs BMI 25-29.9 Kg/m2 and
BMI>30 Kg/m2.

PSA levels correlates inversely with POGS ( r= -0.211; p<0.05):
this correlation was not significant after removing the confounding
factors (Table 2).
The risk of having a high-grade cancer was higher in obese than
non-obese: Odds Ratio 23.62 (95%), CI 3.03- 183.98 (data not shown).
We meet with high median values of POGS in the obese class
regardless of the tertiles of PSA (p for trend <0.0001) figure 2A).
The prevalence of POGS> 8 among subjects with the lowest
tertile of PSA was higher in subjects with BMI> 30 Kg/m2 (94.4%) vs
BMI= 25-29.9 Kg/m2 (19.2%) (p<0.01), among subjects in the second
tertile of PSA was higher in the obese (100%) and overweight (70%)
subgroups vs normal weigh (0%) p<0.01 and p<0.001 respectively,
among subjects of third tertile of PSA was higher in the obese (100%)
and overweight (62%) subgroup vs normal weight (0%) (p<0.05
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In our study we confirmed the relationship, between PSA and
BMI. PSA levels are lower in obese than non-obese subjects [12,16],
however, the inverse relationship between these two variables lose
significance in multivariate analysis. Banez et al. supported the theory
that obesity does not negatively impact the accuracy of PSA testing
among men of varying BMI [18]. A study showed that in three distinct
CaP cohorts, all having undergone radical retropubic prostatectomy,
hemodilution from increased plasma volume may be responsible for
the observed decreased PSA concentration in men with higher BMI;
given that PSA is under androgen control, an alternative explanation
for the lower PSA concentration is lower testosterone levels among
obese men. If this is true, obese men would be expected to have
lower PSA mass (which reflects the total amount of PSA protein in
circulation); however, in this study obese men had similar or higher
PSA mass compared to non-obese subjects [12].

Figure 1 C
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respectively). The prevalence of POGS ≤5 between subjects of the
second and third tertile of PSA was higher in the group with BMI <25
Kg/m2 (76% and 91% respectively) compared to the group with BMI=
25-29.9 Kg/m2 (0% and 0% respectively) (p< 0.001 and p< 0.0001
respectively) (Figure 2B).
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Figure 1c: Profile of PSA and BMI levels in three classes of POGS. The
three group are not different for age and smoking status. * p<0.01 for PSA in
POGS<5 vs PSA in POGS 6-7. # All p <0.001.
Table 2: Correlation of BMI, PSA and POGS. When the relationship was
significative at univariate analysis, it was adjusted for confonder at multivariate
analysis. The variables of control were alwayes age and smoking status; the
POGS, BMI, PSA were variables of control whenever appropriate. *p<0.05,
#p<0.01
Univariate

BMI kg/m2
PSA ng/ml
POGS

Multivariate

PSA ng/ml

POGS

age

PSA ng/ml

POGS

-0.188*

0.560#

0.094

-0.090

0.538#

-0.211*

-0.158

-0.118

0.156
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Figure 2a: Profile POGS levels as function of categories of BMI and terzile
of PSA. Tertiles of PSA levels: I tertile (< 6.99 ng/ml), II tertile (6.99-8.94 ng/
ml), III tertile (>8.94 ng/ml). G1=BMI<25 Kg/m2 and PSA II tertile; G2=BMI <25
Kg/m2 and PSA III tertile; G3=BMI 25-29.9 Kg/m2 and PSA I tertile; G4=BMI
25-29.9 Kg/m2 and PSA II tertile; G5= BMI 25-29.9 Kg/m2 and PSA III tertile;
G6=BMI>30 Kg/m2 and PSA I terzile; G7=BMI>30 Kg/m2 and PSA II tertile;
G8=BMI>30 Kg/m2 and PSA III tertile. We have not found subjects with BMI<25
and PSA I terzile. The eighth group is not different for age and smoking
status, while G3 has higher prevalence of no smoker vs G4 (15.4% and 65%
respectively, p<0.05).
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Figure 2b: Prevalence of low, medium and high grade of POGS as function
of category of BMI and tertile of PSA. Lower prevalence of POGS>8 in G3
vs G4 and G5 p<0.05 respectively; higher prevalence of POGS 6-7 and lower
prevalence of POGS>8 in G3 vs G6 p<0.01 respectively; higher prevalence of
POGS<5 and lower prevalence of POGS>8 in G1 vs G4 p<0.001 respectively;
higher prevalence of POGS>8 in G7 vs G1 p<0.01; higher prevalence of
POGS<5 and lower prevalence of POGS>8 in G2 vs G5 p<0.0001 and p<0.01
respectively; higher prevalence of POGS>8 in G8 vs G2 p<0.05.

et al. [6] in 40 men between 50 and 80 years old (20 with CaP and 20
healthy men as control group) and Jayachandran et al. [20] in 1415
men who underwent radical prostatectomy, showed that higher BMI
was associated with higher tumor grade. We confirmed these results,
in fact we reported tumor grade increases with increasing the degree
of BMI independently of PSA levels; moreover the prevalence of
tumor grade is a function of the class of BMI.
De Nunzio et al. showed that patients with high-grade tumors
have a higher BMI than patients with low tumor grade and that the
prevalence of obesity is higher in patients with Gleason> 7 compared
with Gleason = 6; we showed that the prevalence of BMI grade is a
function of Gleason Score; nevertheless they have reported that age,
BMI and PSA are independent predictors of high grade disease in
patients with CaP diagnosed at biopsy. However they detected a level
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of PSA higher among patients with high-grade tumor compared
to subjects with low-grade [21], while in our study we found high
levels of PSA in patients with low-grade tumors than in patients with
Gleason score 6-7.
Fowke et al. [22] showed that BMI greater than 30 was
significantly associated with an increased risk of high grade CaP
among men without prostate enlargement, but not among men with
prostate enlargement. Together with another study, this suggests that
it is more difficult to detect an association between obesity and CaP in
the presence of obesity-driven prostate enlargment [23].
Pruthi SR et al., in a series of 500 men who had undergone
ultrasound-guided prostate biopsy after abnormal digital rectal
exploration or elevated PSA level, observed that obese men had a
larger prostate and were less likely to have any abnormality on digital
rectal exploration, moreover they did not observe differences in the
incidence of higher grade tumors in obese and nonobese men [24].
Gallina et al. in a study of 1.814 men showed that obesity does
not predispose a more aggressive CaP at biopsy, in contrast to our
statements. Similarly, obesity does not change the ability to identify
those who may harbor a high grade tumor at radical prostatectomy.
In consequence, the consideration of obesity might be omitted from
CaP detection or diagnostic schemes [25].
In our study we demonstrated that overweight and obese patients
in the Gleason score biopsy is underestimated compared to Gleason
score obtained on the specimen; therefore to evaluate the relationship
between Gleason Score, BMI and PSA we used the value obtained
from the surgical specimen (POGS). In our study the majority of
patients were overweight, as reported in the study of Gallina et al. [25].
We showed that in an obese population, the prevalence of high-grade
cancers did not change with the tertiles of PSA; in the overweight
class the high grade tumor prevails among subjects with PSA in the
highest tertile; in addition our study population showed levels of PSA
minimum of 4.7 ng / ml. We therefore think that the relation between
high tumor grade and high levels of BMI is not exclusively explained
by a delay due to the low levels of PSA typical of obese or overweight
subject, as it is reported by others authors [25,26].
Because the prevalence of high-grade tumors tends to increase
in the degree of BMI and the prevalence of low-grade tumors tends
to decrease as a function of the degree of BMI, independently of PSA
tertiles, we believe that the BMI can explain these findings through
one of the following mechanisms: i) obesity, through the imbalance
of the endocrine system, may contribute to the degree of malignancy
of cancer; ii) the lifestyle that leads to obesity may be implicated in
the aggressiveness of the tumor; ii) both the above hypotheses. In the
category of subjects with BMI<25, POGS 8 was 0%; in the category
of subjects with BMI25-29.9, POGS<6 was 0%; in the category of
subjects with BMI>30, POGS<6 was 0%. Probably these results are
due to a small sample.
Fowke et al. [22] in a group of 809 men with CaP found that BMI
was significantly associated with high grade of CaP not mediated by
leptin or C-peptide, suggesting the involvement of other pathway.
Thompson et al. in a study of 18.882 men 55 year of age or older
showed that seven years of finasteride treatment resulted in a 24.8%
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reduction in the prevalence of CaP during that period, however, the
prevalence of high-grade tumors is greater compared to the control
group. The possible explanations are: i) finasteride induces high grade
tumors by reducing the level of intracellular dihydrotestosterone
within the prostate; ii) finasteride selects for high-grade tumors by
selectively inhibiting low-grade tumors [23]. There is evidence that
the prostate tumors that develop in men with low testosterone levels
have higher Gleason grades and worse outcomes than the CaPs
that develop in men with normal testosterone levels [27]; and also
known an inverse relationship between BMI and testosterone levels
in males [28,29]. It would welcome further studies to establish that
obesity may contribute to the development of a more aggressive CaP
phenotype. If these hypotheses are confirmed by further studies, it
would be possible to establish that obesity, by reducing the levels of
testosterone may contribute to the development of more aggressive
forms of prostate cancer. We hypothesize that the low PSA level
showed in obese subjects may be interpreted as a consequence of the
low levels of androgens, nevertheless Bañez et al. in two cohorts of
over 1000 subjects underwent radical prostatectomy for CaP found
that PSA mass did not change significantly with increasing BMI [12].
Lopez Fontana et al. [6] established a relationship between BMI
and the intake of macro and micronutriente with CaP, and it was
concluded that an unhealthy diet is associated with the development
of prostate cancer, but does not seem to interfere with a direct
mechanism on aggressiveness of prostate cancer.
The absence of blood levels of testosterone and a specific
parameter of hemodiluition are clear limitations of our study, in
fact, these factors may be useful to confirm the hypothesis that we
proposed.

Conclusions
Our study is the first to demonstrate the relationship between
BMI and aggressiveness of CaP independently of PSA levels.
Moreover we reported PSA levels decreased as a function of BMI
category. We believe that changes in the levels of PSA and Gleason
Score, observed as a function of class BMI, could be due to separate
mechanisms, in particular, PSA levels could be influenced by the
effect of dilution due to increased plasma volume of the subjects
obese, while tumor grade could be affected by the hormonal changes
induced by adipose tissue. The hypothesis of a relationship between
obesity, PSA and aggressiveness of CaP remains an interesting area of
research, although no conclusive data can yet be drawn.
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