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Abstract

Objectives—To test multiple adiposity measures and prostate cancer (PC) risk in men
undergoing prostate biopsy. We hypothesized that BMI, body fat and waist circumference would
be highly correlated and all would be associated with aggressive PC, but not overall risk.

Subjects and methods—A case (483) —control (496) study among men undergoing prostate
biopsy from 2007-2016 was conducted at the Durham Veterans Affairs Medical Center.
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Supplementary Table 1

*Qdds ratios are for risk of disease grade relative to the risk of not having cancer among patients who had a biopsy
**Adjusted for age, race, PSA, DRE, previous biopsy, TRUS prostate volume, and family history of PC
PC=prostate cancer; BMI=body mass index (kg/m<); OR=0dds ratio; Cl=confidence interval
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Anthropometric measurements and self-reported were taken. Percent body fat was measured.
Associations between adiposity measures and PC risk and high-grade PC (Gleason =7) were
examined using logistic regression.

Results—BMI, percent body fat, and waist circumference were highly correlated (p =0.79)
(p<0.001). On multivariable analysis, BMI (p=0.011) was associated with overall PC risk, but
percent body fat (p=0.16) and waist circumference (p=0.19) were not. However, all adiposity
measurements were associated with high-grade disease (p<0.001). We found a strong relationship
between self-reported and measured weight (p=0.97) and height (p=0.92).

Conclusions—BMI, body fat and waist circumference were all highly correlated and associated
with aggressive PC. This study supports the idea that higher adiposity is selectively associated
with high-grade PC and reinforces the continued use of self-reported BMI as a measure of obesity
in epidemiological studies of PC.

Keywords
Adiposity measures; Prostate Cancer Risk; Obesity

INTRODUCTION

Prostate cancer (PC) and obesity are major public health problems. The association between
these common entities has been subject to increased investigation in the last decade and
multiple epidemiologic studies have suggested that obesity is associated with increased risk
and death from multiple types of cancer such as breast and colon cancer. (1 2. 3) However,
the relationship between obesity and PC risk is less clear (4:9). Current evidence suggests
that obesity, typically assessed by BMI, is a risk factor for aggressive PC but is unrelated or
even protective for overall PC. (6:7:8) BMI is widely used as a surrogate marker for obesity,
as it is easy to measure, inexpensive, routinely collected in clinic settings and is available in
most patient medical records or can be calculated using self-reported weight and height. (©)

However, it may not be an ideal surrogate, as BMI is influenced by both adipose and non-
adipose tissue (i.e. bone, muscle mass, etc’) 1911, Moreover, BMI does not take into
consideration adipose distribution (central vs. peripheral adiposity). @) Finally, the degree
to which self-reported body weight correlates with actual weight is of concern and likely
dependent on the lag time that a participant is required to recall. Collectively, these
limitations might explain some of the inconsistent findings and obscure the association
between obesity and PC. The use of bioelectric impedance analysis to estimate the percent
of body fat and waist circumference to estimate central adiposity might provide a clearer
picture of the association between adiposity and PC. Waist circumference is a measure of
abdominal fat and is a simple technique that can be used to screen for obesity in men. (12.13)
However, few PC research studies have evaluated the associations between BMI, waist
circumference, body fat and PC risk simultaneously in the same population to determine
which is the best predictor. (14)

To evaluate the associations between multiple measures of adiposity and PC risk, we
examined measured and self-reported data and took clinical measurements from men
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undergoing prostate biopsies at the Durham Veterans Affairs Medical Center in North
Carolina. We hypothesized that BMI, body fat and waist circumference would be highly
correlated with each other, and that all of them would be associated with aggressive PC, but
not overall PC risk. In addition, we studied if self-reported height and weight strongly
correlate with measured values, which would obviate the need to measure these in future
epidemiological studies of PC risk. If true, despite the limitations of BMI at an individual
level, these results would support the use of self-reported BMI in epidemiological studies of
PC.

Subjects and Methods

Study Design

Data were obtained from an ongoing case-control study of veterans undergoing prostate
biopsy for concerns about PC at the Durham Veterans Affair Medical Center (DVAMC) in
Durham, North Carolina. The study was approved by the institutional review board at the
DVAMC and written informed consent was obtained from all subjects before enroliment.
Subjects were recruited between January 2007 and July 2016 from the urology clinic at the
DVAMC. Eligible subjects were men with no prior history of PC who were undergoing a
prostate needle biopsy because of abnormal PSA and/or suspicious digital rectal exam
(DRE) as clinically indicated. Biopsy was typically done for elevated PSA or rectal
examination though there was no set threshold to define elevated and was at the discretion of
the treating physician. Of the 1,714 eligible cases, 1116 consented to participate (65%
response rate). We excluded 131 patients due to missing age, race, PSA, DRE, any previous
biopsy, prostate volume, percent body fat, waist circumference, or BMI. Of the 979 men
who underwent a biopsy and were included in the analysis, 483 (49%) were biopsy-positive
(cases) and 496 (51%) were biopsy negative (controls).

Subjects were asked to self-report weight, height, and race. Age and history of prior biopsy
were abstracted from the medical records. Measurements of weight and height were taken
by trained personnel and used to calculate body mass index (BMI; kg/m?). Percent body fat
was measured using bioelectrical impedance (Omron HBF-306 Fat Loss Monitor, Omron
Healthcare, Inc.). Prostate volume (in cubic centimeters) was estimated using trans-rectal
ultrasound (TRUS) at the time of biopsy. Gleason score, obtained from the pathological
report of the biopsy, was categorized as low-grade disease (Gleason sum 2-6) or high-grade
(Gleason sum 7-10).

Statistical Analysis

We tested the association between biopsy outcome (cancer vs. no cancer) and clinical
variables using chi-square () for categorical variables, t-tests for normally distributed
continuous variables, and rank-sum for non-normally distributed continuous variables.
Similarly, we examined the association between cancer grade (low-grade: Gleason 2—6 vs.
high-grade: Gleason 7-10) and clinical variables. Variables included age (continuous), race
(black vs. non-black), PSA (logarithmically transformed, continuous), DRE findings
(abnormal vs. normal), TRUS prostate volume (logarithmically transformed, continuous),
BMI (continuous), family history of PC (yes vs. no vs. unknown), percent body fat

Urology. Author manuscript; available in PMC 2018 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Guerrios-Rivera et al.

Results

Page 4

(continuous), waist circumference (continuous), and Gleason score (2-6, 7, and 8-10). The
correlations between adiposity measures and both self-reported and measured body height
and weight were tested using the Spearman correlation test. Similarly, Spearman correlation
was used to test the correlation between adiposity measures and clinical characteristics.

We used logistic regression to assess risk of cancer versus no cancer. Because BMI, percent
body fat, and waist circumference were highly correlated, we fit them in separate models to
avoid collinearity. A Bland-Altman plot for self —reported vs. actual weight was used to
compare both measurement techniques. We also used multinomial logistic regression models
to examine the relationships between the adiposity measures and risk of low-grade cancer
(vs. no cancer) and high-grade cancer (vs. no cancer). For all logistic and multinomial
logistic regression models, we fit both unadjusted and adjusted models to account for
confounders. In the multivariable model, we adjusted for age(continuous variable), race
(black, white, other), previous biopsy(yes, no), family history of PC(yes, no) and factors that
could predict the detectability of an existent tumor including PSA (continuous
logarithmically transformed), DRE findings (suspicious for cancer vs. not), and TRUS
prostate volume(continuous logarithmically transformed). A sensitivity analysis was
performed to assess risk of high-grade PC with high-grade defined as Gleason =4+3. An a-
level of 0.05 was set as the threshold for statistical significance for all analyses. All
statistical analyses were performed using Stata 13.0 (Stata, Corp., College Station, TX).

Of the 979 men in our study cohort, 483 (49%) were diagnosed with PC from the biopsy.
Patients who were diagnosed with PC were more likely to be black (64% vs. 51%; p=0.001),
had higher median PSA (6.4 vs. 5.5 ng/ml; p<0.001), were more likely to have an abnormal
DRE (28% vs. 20%; p=0.007), and had smaller median prostate volumes (34 vs. 49 cc;
p<0.001), relative to biopsy-negative men (table 1). There were no statistically significant
differences between biopsy status and age, BMI, percent body fat, or waist circumference
(all p>0.3).

There were 237 (49%) patients diagnosed with high-grade PC and 237 (51%) with low-
grade PC. Patients with high-grade PC had higher median PSA (7.4 vs. 5.8 ng/ml; p<0.001),
relative to patients with low-grade PC, more often had abnormal DREs (39% vs. 17%;
p<0.001), and had smaller median prostate volume (31 vs. 37; p=0.002) (table 2). The
association between PC grade and age or race was not significant. High-grade cancer was
also associated with higher percent body fat (29% vs. 27%; p=0.002) and higher waist
circumference (103.0 vs. 106.5 cm; p=0.010), but the trend between high-grade PC and
higher BMI did not reach the level of statistical significance (30.3 vs. 29.4 kg/mZ; p=0.09).

PSA and the adiposity measures were very weakly correlated (p —0.06 to —0.02), as were
the correlations between prostate volume and the adiposity measures (p 0.17-0.19).
(Supplementary Table 1) BMI, percent body fat, and waist circumference were strongly
correlated (p 0.79-0.85, p<0.001, figure 1). Although BMI was calculated using height and
weight measured by trained personnel, figure 2 shows a very strong relationship between
self-reported weight and measured weight (Spearman, r=0.96). Similarly, self-reported and

Urology. Author manuscript; available in PMC 2018 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Guerrios-Rivera et al.

Page 5

measured height were strongly related (Spearman, r=0.92, figure 2). On the contrary, the
Bland-Altman plot for self-reported vs. actual weight showed only 7% of the observations
were outside the limits of agreement, indicating that self -reported weight is a good proxy
for measured weight (Supplementary figure 1). Nevertheless, taking in account the fanning
pattern of the plot, the agreement between the two measures are accurate for average values
rather than extremes. When we repeated the analyses using self-reported height and weight
to calculate BMI, results were nearly identical.

In unadjusted logistic regression models, none of the adiposity measures were statistically
significant in predicting overall risk of PC (table 2). On multivariable analysis, higher BMI
was associated with increased risk of PC (OR 1.04, 95% CI 1.01-1.06, p=0.011), but there
was no association with percent body fat or waist circumference. When stratified by low-
grade vs. high-grade disease, an interesting pattern appeared. Specifically, the unadjusted
analysis revealed that all adiposity measures were inversely associated with low-grade
disease and positively associated with high-grade disease. However, only percent body fat
(p=0.017) and waist circumference (p=0.009) reached statistical significance in predicting a
lower risk of low-grade disease. After adjusting for multiple clinical characteristics, there
was no association between adiposity measures and low-grade disease, but all three
adiposity measures were associated with a significantly increased risk of high-grade disease
(OR 1.02-1.08, p<0.001). In a sensitivity analysis defining high-grade PC as Gleason >4+3,
results were similar in that positive associations were seen for all three adiposity measures
and high-grade disease, though due to small numbers of men with high-grade disease this
only reached significance for BMI. Likewise, all three adiposity measures were unrelated to
low-grade with the exception that BMI was positively associated with increased risk (OR
1.03, p=0.019, results not shown).

Given differences in result between the null univariable analyses and the positive
multivariable analyses for predicting high-grade disease, we explored which clinical
characteristic had the greatest impact on changing both the estimated odds ratios and p-
values of the adiposity measures. When adding each potential confounder one at a time, we
noted that adjusting for TRUS prostate volume had the greatest effect on the adiposity
measures in predicting risk of high-grade disease.

Discussion

There is consistent evidence that greater body fat is related to advanced prostate cancer, (1%
but which measure of adiposity is most strongly linked with aggressive PC is unclear. We
hypothesized that BMI, which is easy to measure, would correlate with more “precise”
measures of adiposity such as waist circumference and body fat and that all three would
correlate with aggressive PC risk. To test this hypothesis, we analyzed data from men
undergoing prostate biopsy. Indeed, we found that only BMI was associated with overall risk
of PC, but all were significantly associated with increased risk of high-grade disease on
multivariable analysis, consistent with several prior studies. (& 16) In sharp contrast, neither
percent of body fat nor waist circumference were associated with PC risk. Nevertheless, all
three adiposity measures were highly correlated among them. Our findings, may suggest that
anthropometric indices may measure different features of body fat distribution but still retain

Urology. Author manuscript; available in PMC 2018 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Guerrios-Rivera et al.

Page 6

their relationship between them. A recent Canadian case-control study evaluating PC risk
among anthropometric measures, showed that abdominal fat more than overall BMI was
associated with PC risk suggesting that population diversity may have a role in adiposity
measurements and body fat distribution. 7) This study adds to the current knowledge that
despite limitations of BMI on an individual level, at a population level, BMlI is just as
strongly associated with aggressive PC as other adiposity measures. This coupled with the
near identical findings between measured and self-reported height and weight, support
continued use of self-reported BMI for epidemiological studies of PC.

Multiple prior studies have examined the association between obesity, typically measured by
BMI, and PC risk. ®:6.7) There is a growing consensus that while obesity may be associated
with a lower risk of localized or low grade PC disease, (18) it is also associated with an
increased risk of aggressive or high risk disease, PC mortality and biochemical progression
after surgery (19.20.21) |ndeed, a meta-analysis found that obesity was inversely associated
with risk of low-grade PC but positively associated with risk of advanced PC (). Based upon
this, we expected to find similar observations in our data. Consistent with these prior studies,
using BMI as a measure of obesity, we found that obesity was associated with increased risk
of overall PC risk, as well associated with aggressive PC providing further confirmation of
the link between obesity and aggressive PC. The biological reasons for these findings may
be related to the fact that carcinogenesis is a distinct process from cancer progression. Once
cancer cells are formed, the rate they progress to clinical diseases, end-stage disease and
death is influenced by many factors including their genetic makeup, the stromal micro-
environment, and the systemic metabolic state of the body. Obesity is a systemic
inflammatory state with a cross communication between insulin-like growth factor (IGF)-1
axis, sex hormones, and adipokine signaling among other cytokines. (2) If we add the
plausible effect of obesity in decreasing androgen levels (23) due to increased peripheral
conversion of androgens to estrogens in adipose tissue by aromatase activity affecting the
estrogens to testosterones ratios, obese men with an aggressive PC phenotype will have low
testosterone in addition to a chronic subclinical inflammation mediated by cytokines and
leptin (4) favoring the progression of their PC disease state.

The majority of the world’s literature on obesity and PC is based on BMI. While BMI is
often used as a surrogate of adiposity, in the individual subject, BMI may not always reflect
the level of body fat. For example, men who are extremely muscular can have a high BMI
and yet have low body fat. Alternatively, frail men can have a “normal” BMI but have much
body fat. To overcome this, other measures such as percent body fat and waist circumference
have been proposed to better reflect adiposity. However, whether these more “precise”
measures of adiposity yield similar associations is unclear. In one prior study, Giovannucci
et al. examined over 47,000 men from the Health Professionals Follow-up Study and
concluded that as it relates to obesity and PC risk, “Patterns for BMI and waist
circumference were similar.” (25 Based upon this, we hypothesized that for a group of men,
BMI, body fat and waist circumference would be highly correlated with each other and each
would show similar results: associated with aggressive PC, but not overall PC risk. We
examined these alternative measures and found that on the whole they were highly
correlated with BMI, as we hypothesized. Substituting one measure for another in our
models — only BMI was associated with PC risk but all had an increased risk of high-grade
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PC. Our study supports that using BMI, which is inexpensive and easy to measure, will give
similar conclusions as more difficult to obtain obesity measures such as waist circumference
and percent body fat.

Of note, on univariable analyses we found that all obesity measures especially body fat and
waist circumference were inversely associated with PC risk. This mirrors the
epidemiological literature regarding obesity and PC risk, which shows that in locations with
high PSA screening prevalence (i.e. the US), obesity is inversely associated with PC

risk 6 7). However, these associations were attenuated on multivariable analysis. We have
seen similar findings before: controlling for factors associated with PC detection (i.e. lower
PSA levels in obese men and larger prostate volumes), the “inverse” association between
obesity and PC risk is negated. (6) These findings lend further support to the notion that PC
detection is more difficult in obese men making obesity appear protective for low-grade

PC. (6:7) We found that both PSA levels and prostate volume were weakly correlated with
the adiposity measures, this may be explained by the dilutional effect of PSA in obese

men (7) and although usually obese men have larger prostates volumes, in our study, there
may be other factors that must be considered when interpreting the results, as inter-observer
variations and controversies in prostate volume estimation by ultrasonography (28) and
possible confounders not measured.

In our study, we observed that prostate volume had the greatest association with the
adiposity measures and the prediction of high-grade disease. This association remained after
multivariate adjustment. This observation may be partially explained due to known
correlation between obesity and larger prostate volume.(2% In larger prostates, less of the
prostate is sampled. As such, in obese men with larger prostate, the prostate is less well
sampled making it easier to miss a cancer. As such, obesity appears “protective” — or least
less strongly linked with aggressive cancer. Once accounted for, it is clear that obesity —
however, we measure obesity — is linked with increased risk of high-grade prostate cancer.
This is analogous to prior studies of ours from men undergoing prostate biopsy, where the
larger prostate size among obese men had the greatest effect on obscuring the relationship
between obesity and high-grade disease. (26) This demonstrates the need for future
interventions directed to improve the detection of PC in the obese population.

Another key finding from our study was that self-reported and measured body height and
weights were nearly identical. Our results are consistent with the sub group analysis from
Discacciati et. al meta-analysis where no statistically significant differences were observed
between self -reported BMI and those that relied on BMI measured by trained personnel. (¢)
Although in a recent study, 3% evaluating agreement between self -reported, interviewer-
observed and measured body size, participants, in particular females underestimated their
body size in comparison with interviewers. They found positive correlation between self-
reported body size and measured body size, which is consistent with our findings. Our data
confirm that men enrolling in epidemiological studies of PC risk can accurately estimate
their height and weight implying that future studies do not need to actually measure body
height or weight, but can rely on self-report.
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This study had several limitations. First, our measure of PC aggressiveness was Gleason
grade on biopsy. While Gleason grade does correlate with long-term PC progression risk,
future studies using alternative definitions of disease aggressiveness (i.e. metastases and PC
death) are needed to confirm our findings. Second, our sample size was modest, which
limited statistical power to detect modest, but potentially clinically important associations.
In addition, due relatively small numbers of Gleason 8-10 prostate cancer cases, it may have
not been sufficient for stratified analysis. Third, our findings were based on data from
veterans receiving care in the VA system, the largest health care system in the United States
with an equal —access setting, which may have implications in the applicability of our
findings in the general population. Last, the population studied was referred for a biopsy. As
such, our control population was men with an elevated PSA and a negative biopsy. Whether
results would differ with a “healthy” control population remains to be determined. These
limitations are balanced by key strengths of our study in that we used prospectively collected
data with multiple adiposity measures assessed by trained personnel as well as self-reported
weight.

In summary, we found that BMI, body fat and waist circumference were all highly correlated
and all significantly predicted aggressive PC, but only BMI predicted overall PC risk. This
study supports the idea that obesity is selectively associated with high-grade PC. Moreover,
as self-reported and measured heights and weights were very highly correlated, this study
supports the continued use of self-reported BMI as a measure of obesity in epidemiological
studies of PC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Scatterplots of adiposity measures

Urology. Author manuscript; available in PMC 2018 July 01.

Page 11



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Guerrios-Rivera et al.

Page 12

8
8
o - Spearman r=0.96, p<0.001
©w e
50 100 150 200
Self-Reported Weight (kg)
bandwidth = .8
8 ]
B
o}
i
O
=
;E =
o
D
[}
T 8-
©
=
<8- |
. L ]
2 Spearman r=0.93, p<0.001
60 65 70 . ' 75 80
Self-Reported Height (inches)
bandwidth = 8
Figure 2.

Plot of self-reported versus measured (A) weight and (B) height
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