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Objectives: Body mass index (BMI) may alter serum prostate specific antigen (PSA) and per-
cent free PSA (%fPSA) and may mask the risk of prostate cancer. We investigated the rela-
tionship between BMI and PSA or %f{PSA.
Materials and methods: Height, weight, PSA and %fPSA were assessed in 616 consecutive
screened men without prostate cancer. Continuously coded and categorised BMI was stud-
ied. Statistical analyses consisted of ANOVA, linear regression, bivariate and partial corre-
lations.
Results: Median age was 57 years. Median PSA was 1.0 and median %fPSA was 26. Median
BMI was 25.8 kg/m?. Neither continuously coded nor categorised BMI correlated with either
PSA or %fPSA in unadjusted or age-adjusted analyses (all p values >0.3).
Conclusions: Body mass index does not affect PSA or %fPSA in men without known prostate
cancer, who undergo prostate cancer screening. Therefore, PSA or %fPSA-based screening
or early detection efforts do not require an adjustment for BMI.

© 2007 Elsevier Ltd. All rights reserved.

1. Introduction mass index [BMI] >25 kg/rnz).2 Similarly, obesity is a growing

problem in Western European countries.®* Body mass index
Obesity is common in western countries. According to the re- is implicated in various aspects of prostate cancer.” Those
cent World Health Organization (WHO) criteria, more than include the grade and stage of the disease, where obese men

30% of adults in the United States are obese. Moreover, over ~ have more advanced and more aggressive disease.'®*? More-
70% of Americans over 40 years of age are overweight (body over, the rate of prostate specific antigen (PSA) recurrence
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after definitive therapy is reportedly higher in obese men.™
Additionally, obese men are at higher risk of prostate cancer
mortality.>*>'* Finally, several ecological studies demon-
strated that prostate cancer is more prevalent in Western
countries with higher fat intake than in Asia, where fat intake
is lower.»>™%°

Despite the apparently abundant BMI literature, few stud-
ies addressed the direct relationship between BMI and pros-
tate cancer detection,>”® as well as between BMI and PSA
levels prior to prostate cancer diagnosis. The latter relation-
ship is important, as same investigators indicated that ele-
vated BMI may be associated with lower circulating serum
PSA. Thus, men with high BMI may be excluded from screen-
ing or early detection based on spuriously low perceived risk
of prostate cancer. Based on this hypothesis, we decided to
examine the relationship between BMI and PSA, as well as be-
tween BMI and percent free PSA (%fPSA) in men without clin-
ical evidence of prostate cancer.

2. Materials and methods

2.1.  Patient population

Our cohort consisted of a total of 630 men without known
prostate cancer, who participated in an annual prostate can-
cer screening event, the Prostate Cancer Awareness Days
(PCAD). The PCAD are organised by a multidisciplinary group
of urologists, oncologists, radiation oncologists, nurses, sup-
port group members and nutrition experts from the Univer-
sity of Montreal Health Center. The aim of the event is to
educate, inform and raise public awareness about prostate
cancer. The PSA and %fPSA (Hybritech, Beckmann-Coulter,
Inc., Canada) values were measured in all participants. Simi-
larly, in all men BMI was defined according to the WHO clas-
sification [weight (kg)/height squared (m?)], where BMI
between 18.5 and 24.99 kg/m? indicates normal weight.?® Of
630 participants, all variables were available in 616 (97.8%),
which represent the focus of this analysis.

2.2. Statistical methods

The relation between BMI and PSA, as well as between BMI
and %fPSA was assessed in two ways. First, continuously
coded BMI was tested in bivariate correlations, which specif-
ically focused on the correlation between BMI and either PSA
or %fPSA. Partial correlations adjusted for the effect of age.
Subsequently, ANOVA models tested PSA and %fPSA means
differences according to WHO-BMI categories. The results
were, respectively, shown graphically in scatterplots and
boxplots.

SPSS for Windows version 13.0 was used for statistical
analyses. All tests were two-sided and p < 0.05 was considered
statistically significant.

3. Results

Patient characteristics are shown in Table 1. Age ranged from
40 to 79 years (mean 58, median 57). Fig. 1 shows the age dis-
tribution of the entire cohort. Total PSA ranged from 0.1 to
26.0 ng/mL (mean 1.8, median 1.0), while %fPSA ranged from

Table 1 - Descriptive characteristics of the study cohort

(N = 616)

Variable N (%)
Total number of patients (%) 616 (100)
Age (years)
Mean (median) 58 (57)
Range 40-79
<50 148 (24.0)
50-59 221 (35.9)
60-69 153 (24.8)
70-79 94 (15.3)
PSA (ng/mL)
Mean (median) 1.8 (1.0)
Range 0.1-26.0
0-1 298 (48.4)
1.1-2 165 (26.8)
2.1-3 64 (10.4)
3.1-4 36 (5.8)
4.1-10 43 (7.0)
>10 10 (1.6)
%fPSA
Mean (median) 27.2 (26.0)
Range 5-71
WHO-BMI (kg/m?)
Mean (median) 26.2 (25.8)
Range 16.8-48.8
Non-obese (BMI < 24.9) 248 (40.3)
Overweight (BMI 25-29.9) 286 (46.4)
Obese (BMI 30-34.9) 70 (11.4)
Severely obese (BMI > 35) 12 (1.9)

PSA, prostate specific antigen; %fPSA, percent free PSA; BMI, body
mass index.

5% to 71% (mean 27.2, median 26.0). BMI ranged from 16.8 to
48.8 kg/m? (mean 26.2, median 25.8). Of all participants, 40.3%
were non-obese (BMI < 24.9kg/m?), 46.4% were overweight
(BMI range 25.0-29.9kg/m?), 11.4% were obese (BMI range
30.0-34.9kg/m? and 1.9% were severely obese (BMI>
35.0 kg/m?). Fig. 2 shows the virtually normal distribution of
continuously coded BMI of the entire cohort (Fig. 2a). Fig. 2b
depicts the frequency distribution within the WHO-BMI
categories.

3.1.  Association between continuously coded BMI versus
PSA and %fPSA

Fig. 3 represents the scatterplots of the relation between con-
tinuously coded BMI and total PSA (Fig. 3a) or %fPSA (Fig. 3b).
The majority of coordinates correspond to BMI values from 20
to 35 kg/m? and PSA values from 0 to 4 ng/mL.

The correlational analyses between continuously coded
BMI and total PSA demonstrated a virtually non-existent rela-
tionship (r =0.005), which was statistically indifferent from
no correlation at all (p = 0.9). The partial correlation which ad-
justed for age was equally weak (r = 0.003; p = 1.0). The corre-
lation between BMI and %fPSA (r=—-0.06; p=0.1) was also
unimpressive. Finally, the partial correlation between BMI
and %fPSA adjusted for age (r = —0.06; p = 0.1) failed to identify
any correlation between these variables.
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Fig. 1 - Age distribution of the study cohort (N = 616).
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Fig. 2a - Frequency distribution of continuously coded body mass index (BMI) [kg/m?].

3.2.  Association between categorically coded BMI versus
PSA and %fPSA

PSA and %fPSA means failed to demonstrate any statistically
significant differences when they were categorised according
to the WHO-BMI strata (ANOVA p =0.4 and ANOVA p=0.2).
Fig. 4 represents the boxplots of PSA distribution (Fig. 4a)

and %fPSA distribution (Fig. 4b) according to WHO-BMI
categories. The means, medians and ranges are shown in Ta-
ble 2.

Linear regression models, where categorically coded BMI
predicted either PSA or %fPSA, failed to demonstrate statisti-
cally significant results with or without age adjustment (all p
values >0.3).
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Fig. 2b - Distribution of categorically coded body mass index (BMI).

4, Discussion

Elevated BMI is implicated as a risk factor in several cancers,
including prostate cancer.> 2! The adverse effects of elevated
BMI have been suggested throughout the span of the natural
history of treated prostate cancer. Ecological studies sug-
gested that obesity predisposes to higher incidence of pros-
tate cancer.”’ Obesity was also shown to represent a risk
factor for higher prevalence of prostate cancer on needle
biopsy and for the presence of higher grade of prostate can-
cer, when the diagnosis was made.'®'* Moreover, obese men
are at a higher risk of harboring higher grade and higher stage
prostate cancer at the time of definitive therapy.’® Obese men
reportedly also have a higher risk of positive surgical margins
after radical prostatectomy and higher risk of biochemical
recurrence after definitive therapy.’ Finally, obesity represents
a risk factor for prostate cancer mortality.>*>*

Despite this apparently abundant evidence favouring the
implication of BMI as an adverse prostate cancer risk factor,
several investigators questioned the importance of BMI. For
example, in 2005 Freedland and colleagues reported that ele-
vated BMI does not predispose to baseline higher PSA levels.??
This report appeared despite prior reports from the same
investigators, where BMI represented a significant predictor
of adverse pathological outcomes at radical prostatectomy.’
Similarly, in a careful and detailed statistical analysis of the
effect of BMI on biochemical recurrence, Mallah and col-
leagues showed that BMI does not improve the ability to pre-
dict the rate of biochemical recurrence.? Lack of added value
related to the consideration of BMI in prediction of biochem-
ical recurrence after radical prostatectomy was also reported
in a European series of patients.?* Hence, the clinical signifi-
cance of BMI remains controversial.

Equally important controversy also exists with respect to
the effect of BMI on PSA at the time of initial evaluation of
men without an established prostate cancer diagnosis. Bail-
largeon and colleagues studied a cohort of 2779 men without

evidence of prostate cancer and found that obese men had
lower PSA levels, which could mask the presence of prostate
cancer.”” In another study of 3341 men, the same investiga-
tors found that BMI categories were related to statistically sig-
nificant PSA means differences.’® Despite statistical
significance, the actual PSA means were strikingly similar
across BMI strata and were, respectively, 1.17, 1.17, 1.07 and
0.96 for BMI categories <25, 25-29, 30-39 and 35+.%° Finally,
in 1565 men, the same group reported no statistically signifi-
cant PSA differences across BMI strata.?”’

Taken together, these observations indicate that the
majority of published data support the tenet that elevated
BMI is an adverse factor, which predisposes to prostate can-
cer, increases the risk of adverse prostate cancer variants
and increases the risk of prostate cancer mortality.>%%13:14
However, some well-established investigators either question
the clinical significance of BMI or report contradictory results
from different cohorts.®?*"?® The lack of consensus regarding
the role of BMI suggests that BMI may have different effects in
different populations.®#?>?” This applies to Thompson et al.’s
studies, where different findings were reported for two simi-
lar but not exactly the same cohorts.?>?¢ Similarly, in 2005
Freedland and colleagues reported lower PSA in obese men
from a cohort of 787 men from Palo Alto, California.? Con-
versely, in a report addressing a larger, combined and more
contemporary cohort of 1414 men from Palo Alto and San
Francisco, California, the same investigators reported no ef-
fect between BMI and PSA.*2

These reports suggest that many variables can modify the
relationship between BMI and various prostate cancer out-
comes. As shown above, these variables may relate to popula-
tion differences. Methodological issues may also confound
this relationship. For example, Mallah and colleagues, as well
as Chun and colleagues assessed the effect of BMI on bio-
chemical recurrence and despite BMI's independent predictor
status, they found that BMI did not improve the predictive
ability of established biochemical recurrence risk factors.?*2*
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Fig. 3a - Scatterplot of the relation between continuously coded body mass index (BMI) and total prostate specific antigen
(PSA) values. Pearson correlation coefficient (r) and its significance (p) are shown. Multiple observations are depicted as
sunflowers, where each petal corresponds to one individual observation.
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Fig. 3b - Scatterplot of the relation between continuously coded body mass index (BMI) and percent free PSA (%fPSA) values.
Pearson correlation coefficient (r) and its significance (p) are shown. Multiple observations are depicted as sunflowers, where

each petal corresponds to one individual observation.

The results of Mallah and colleagues and Chun and col-
leagues are particularly interesting as they question the clin-
ical significance of a marker, despite its independent
predictor status. Taken together, Krystal et al’s, Freedland
et al’s, Thompson et al.’s, Mallah et al.’s and Chun et al’s find-
ings question the importance and clinical significance of BMIL.

Based on this controversy, our objective was to further ex-
plore the importance of BMI in men without prostate cancer
diagnosis. The rationale for our analyses stemmed from Bail-
largeon’s paper, where the authors suggested that BMI may
falsely lower PSA levels and may undermine the indication
for biopsy.>® Therefore, our analysis tested the relation be-
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Fig. 4a - Boxplots of the distribution of total PSA according to World Health Organization (WHO) body mass index (BMI)
categories. For each boxplot the solid line represents the median. The boxes represent the 25th to 75th percentiles. The
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Fig. 4b - Boxplots of the distribution of %fPSA according to World Health Organization (WHO) body mass index (BMI)
categories. For each boxplot the solid line represents the median. The boxes represent the 25th to 75th percentiles. The
whiskers show the spread from the 2.5th to the 97.5th percentile. Finally, the open circles represent outliers and the asterisks
identify the extremes.

tween BMI and PSA, as well as %fPSA. Despite different BMI prior to prostate cancer diagnosis. The consideration of con-
coding schemes, we were unable to demonstrate that BMI tinuously coded BMI or categorised BMI did not change these
was statistically significantly related to either PSA or %fPSA results. Moreover, age had no effect on these correlations. Our
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Table 2 - Descriptive PSA and %fPSA statistics according to WHO-BMI categories

PSA (ng/mlL) %fPSA
Mean Median Range Mean Median Range
Non-obese (BMI < 24.9 kg/mz) 1.8 1.1 0.1-23.9 28.0 28.0 5-71
Overweight (BMI 25-29.9 kg/m?) 1.6 1.0 0.1-26.0 26.6 25.0 5-70
Obese (BMI 30-34.9 kg/m?) 21 1.0 0.2-18.3 26.1 25.5 9-55
Severely obese (BMI > 35 kg/m?) 1.4 1.0 0.1-3.8 30.8 33.0 8-52
ANOVA p=04 p=0.2

BMI, body mass index; PSA, prostate specific antigen; %fPSA:, percent free PSA.

data corroborate those of Kristal and colleagues, who despite
a statistically significant trend failed to demonstrate clinically
meaningful differences in PSA according to BMI strata.?® Our
findings also confirm those of Thompson and colleagues,
where no statistically significant relationship between BMI
and PSA was found.” The data convincingly indicate that
obesity does not affect PSA levels prior to prostate cancer
diagnosis. In consequence, BMI characteristics are not likely
to mask the biochemical indication for biopsy in obese men,
by virtue of decreasing the levels of circulating PSA or by
increasing %fPSA levels. Therefore, BMI distribution should
not affect the rate or the type of early detection or screening
efforts.

It should also be emphasised that some investigators
found an association between BMI and serum PSA. For exam-
ple, in 2006 Ahn and colleagues reported data from 2032 Kor-
ean men aged 20-39 years of age who underwent a routine
hospital health checkup and found that in this cohort BMI
correlated inversely with serum PSA levels.”® Recently, Bar-
gawi and colleagues reported data from the 2003 Prostate
Cancer Awareness Week national screening program, a U.S.
study including 4458 men. The authors demonstrated that
men with BMI of 30kg/m? or more had significantly lower
PSA levels across all age groups.? Finally, in 2006 Fowke
and colleagues explored the relationship between BMI and
PSA in a prospective cohort study including 149 Caucasian
and 150 African American men, aged 40-79 years.*® This
group of investigators reported decreasing trends in PSA
and %fPSA levels with a greater BMI among both Caucasian
and African American men. Therefore, the association be-
tween BMI and PSA may vary according to population
characteristics.

Some limitations apply to our findings. These are related
to the nature of our population. Specifically, our findings only
apply to populations where BMI distributions are similar to
the one that we observed. Conversely, different BMI distribu-
tions may be associated with different risks on prostate can-
cer incidence, pathology and biology. The BMI distribution of
our cohort was comparable to that of Thompson and
colleagues.”’

The fact that BMI represents only one of several measures
of body fat might represent another limitation. Other mea-
sures include lean body mass, waist-to-hip-ratio and waist
circumference.®* These alternative coding schemes may rep-
resent a better way to quantify the effect of body fat on pros-
tate cancer characteristics. In consequence, studies relying on
these alternative definitions may show different results.

The effect of BMI may also be small in populations with
low prostate cancer prevalence, such as in Asian men. Con-
versely, it might be substantially higher in higher risk popula-
tions such as among African Americans. For example, higher
intake of animal fat in African-American may predispose to
higher BMI and to a higher rate of prostate cancer.?? Our study
addressed white French-Canadians, whose gene pool may dif-
fer from English speaking Canadians or from men from the
United States. This distinctive feature represents a strength
of the study. It demonstrates that the lack of BMI effect may
transcend several ethnic backgrounds.?”?” Finally, Testos-
teron may affect the relationship between BMI and PSA as
well as %fPSA. Unfortunately, this information was not avail-
able in our population.

In conclusion, our data indicate that BMI has little if any
effect on PSA distribution. They imply that obese men are
not at lower risk of having abnormal PSA or %fPSA values
than their non-obese counterparts. In consequence, prostate
cancer screening or detection strategies may be applied to ob-
ese and non-obese men using the same approach.
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