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Preface

Prostate cancer is the most common cancer in American men with an age adjusted
incidence of 123.2 per 100,000 men per year and 20 deaths per 100,000 per year. In
2017, it is estimated that there will be more than 161,360 new cases diagnosed and
26,730 deaths, making prostate cancer the third leading cause of cancer deaths in
American men. Overall, it is estimated that 14% of men will be diagnosed with
prostate cancer at some time during their lifetime and that the total number of US
men living with some stage of prostate cancer reaches about 2.8 million.

All aspects of prostate cancer including incidence, screening, diagnostic proce-
dures, comorbid conditions, approach and response to therapeutic options including
surgery, radiation therapy, chemotherapy, hormone therapy as well as quality of life
may be profoundly affected by overweight and obesity which is currently at pan-
demic proportions, affecting 60—70% of the adult population. Overweight and obe-
sity is particularly prevalent in the older adult population, where the peak incidence
of prostate cancer is noted to be in 66-year-old men.

The confluence of obesity with prostate cancer in older men has profound impli-
cations for healthcare planning and has been the target of intense fundamental, epi-
demiologic, and clinical research. In addition to obesity, the course of prostate
cancer and its comorbidities may be significantly affected by other aspects of energy
balance including physical activity and sleep.

The overall goal of this volume will be to explore areas of research linking
energy balance to prostate cancer, identify impact on understanding implications for
prostate cancer prevention, clinical care, and mitigation, and manage men with
prostate cancer as well as indications of future needs. The volume initially focuses
on epidemiology of prostate cancer and its relation to energy balance in terms of
incidence, recurrence, mortality, race, and genetics as well as mechanisms by which
energy balance impacts prostate cancer and associated comorbidities. Subsequent
chapters will concentrate on research trials and their clinical implications to prevent
and/or enhance effects of energy balance in men with prostate cancer. This volume
provides a comprehensive treatise on the latest studies concerning the interface of
prostate cancer and energy balance which together constitute major challenges and
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opportunities for research scientist, clinicians, and healthcare planners, especially
those dealing with the expanding geriatric population.

We are pleased to have an international group of expert physicians and scientists
to author these chapters on Energy Balance and Prostate Cancer. In Chap. 1, Nikos
Papadimitriou, University of loannina, Ioannina, Greece; Elena Critselis, Academy
of Athens, Athens, Greece; and Konstantinos K. Tsilidis, University of Ioannina,
Ioannina, Greece, and the School of Public Health, Imperial College London,
London, United Kingdom, provide an epidemiologic overview and critical appraisal
of the literature indicating an association of obesity with prostate cancer, its appar-
ent association with advanced and fatal prostate cancer, and research needed to
further define this relation. Chapter 2, by David S. Lopez, University of Texas,
Houston TX, reviews racial and ethnic influences on lifestyle factors affecting pros-
tate cancer. In Chap. 3, Jeanette M. Schenk and Jonathan L. Wright, Fred Hutchinson
Cancer Research Center and University of Washington, Seattle, WA, review the
relationship between common obesity-related comorbidities and the impact of their
therapy on prostate cancer. Cheryl L. Thompson and Mackenzie Reece, Case
Western Reserve University, Cleveland OH, in Chap. 4 discuss mechanisms by
which adipokines mediate the association between obesity and prostate cancer risk
and aggressiveness. In Chap. 5, Mieke Van Hemelrijck, King’s College London,
UK, and Sabine Rohrmann, University of Zurich, Zurich, Switzerland, collaborate
to discuss cross-sectional and intervention studies to evaluate how alterations in
energy metabolism potentially affect mediators of prostate cancer progression.
Chapter 6, written by Daniel S. Han and J. Kellogg Parsons, University of California
San Diego Health, CA, discusses the complex influence of obesity on cancer screen-
ing, diagnosis, and management. In Chap. 7, Grace Huang and Shehzad Basaria,
Harvard Medical School, Boston MA, discuss the important interaction and risks
associated with obesity and androgen deprivation therapy in men with prostate can-
cer. In Chap. 8, Ciaran M. Fairman, the Ohio State University, Columbus, OH;
Alexander R. Lucas, Wake Forest School of Medicine, Winston Salem, NC;
Elizabeth Grainger, Steven K. Clinton, and Bryan C. Focht, the Ohio State
University, Columbus, OH, provide an in-depth analysis of dietary intervention and
exercise in men with prostate cancer, and in Chap. 9, Yonaira M. Rivera and
Katherine Clegg Smith, Johns Hopkins Bloomberg School of Public Health,
Baltimore, MD, discuss strategies and benefits of energy balance interventions in
patients with prostate cancer. An important area of concern, not covered in this vol-
ume due to lack of information, is the influence of obesity on decision making and
on outcomes of Active Surveillance, all of which forms an important focus for
future research.

Overall, this volume provides a comprehensive treatise on the latest studies link-
ing prostate cancer with energy balance, which together constitute a major chal-
lenge and opportunity for research scientists and clinicians especially those dealing
with the expanding population of older men confronted with obesity and associated
comorbidities. This volume should be a valuable resource to physicians, oncolo-
gists, urologists, endocrinologists, nurses, nutritionists, dieticians, and exercise
therapists dealing with men with energy balance issues and/or questions regarding
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the linkage between energy balance and cancer. Moreover, this volume should serve
as an important resource for cancer researchers, especially for scientists studying
lifestyle modification and prevention strategies to better understand and disrupt the
linkage between obesity and cancer.

Baltimore, MD, USA Elizabeth A. Platz
Cleveland, OH, USA Nathan A. Berger
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Chapter 1
Epidemiology, Energy Balance and Prostate
Cancer Incidence and Mortality

Nikos Papadimitriou, Elena Critselis, and Konstantinos K. Tsilidis

Abstract Energy balance is defined as the equilibrium between energy consumed
and expended. A substantial number of prospective epidemiological studies have
been conducted to investigate the association of obesity and physical activity with
risk of prostate cancer. The aim of this chapter is to provide an overall review and
critical appraisal of the literature on these two purported risk factors and prostate
cancer incidence overall, incidence of advanced and non-advanced disease, and
prostate cancer mortality. Markers of general and central obesity have been associ-
ated with an increased risk of advanced and fatal disease, and a decreased risk of
localized prostate cancer, but hints of bias were identified in this literature. The lit-
erature evidence is sparse and inconsistent for other adiposity indices and physical
activity. Future prospective studies and large consortia with valid and direct assess-
ment of the time-varying nature of body fatness and physical activity and with a
focus on lethal prostate cancer are needed to draw firmer conclusions.

Keywords Relation BMI to Risk Prostate Cancer Severity ® Relation BMI to Risk
Prostate Cancer Fatality ¢ Relation Physical Activity to Prostate Cancer Severity
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Introduction

It is widely postulated that energy balance-related factors such as obesity and physi-
cal inactivity play an important role in the occurrence of several cancers. For pros-
tate cancer, the literature investigating the role of obesity in prostate cancer incidence
and mortality is extensive, while for physical inactivity the literature is less exten-
sive. After reviewing the definition of energy balance, and the descriptive epidemi-
ology of obesity, physical inactivity, and prostate cancer, in this chapter, we present
the epidemiological evidence for obesity and physical activity in the etiology of
prostate cancer incidence overall and by stage and grade, and mortality. We high-
light the evidence for these associations with advanced disease and fatal prostate
cancer, which are the most clinically important endpoints.

Definition of Energy Balance

Energy balance is defined as the equilibrium between energy consumed and
expended. A sustained positive energy balance, when an individual consumes more
energy than is needed for maintenance of body size, produces weight gain, which
may be countered by increased energy expenditure through physical activity.

One of the most widely used anthropometric measures is body mass index
(BMI). BMI is calculated as an individual’s weight in kilograms divided by the
square of height in meters. A higher BMI is indicative of increased body size [1].
The presence of adult obesity is defined as BMI larger than or equal to 30 kg/m? and
is classified into the following subcategories: (a) Class 1: 30 < BMI < 35 kg/m?; (b)
Class 2: 35 < BMI < 40 kg/m?; and, (c) Class 3: BMI > 40 kg/m? [2]. A BMI of 25
to less than 30 kg/m? is classified as the overweight range. BMI less than 18.5 kg/
m? is considered to be in the underweight range. BMI is a readily applicable and
reliable surrogate measure of body size, but it does not measure body fat directly
and it does not provide information about the distribution of body fat (i.e., abdomi-
nal vs. general obesity) [3, 4]. Waist circumference (WC) and waist to hip circum-
ference ratio (WHR) are widely used as markers of abdominal (i.e., central) obesity.
Abdominal obesity is linked to hyperinsulinemia and type II diabetes, and is hypoth-
esized to be a stronger risk factor than general obesity for the development of sev-
eral chronic, non-communicable diseases [5], although this hypothesis was not
verified in a recent large pooled analysis [6].

Physical activity is defined as any movement that involves the use of skeletal
muscles during occupational, household, and recreational activities. Based on its
absolute and relative intensity, physical activity may be classified into sedentary,
light, moderate (i.e., walking briskly, ballroom dancing, light gardening activities,
etc.) and vigorous (i.e., jogging, intensive swimming, hiking uphill, etc.) activity
[7]. Recently both the World Health Organization (WHO) and the American Cancer
Society recommended that adults should engage in either at least 150 min of moder-
ate or 75 min of vigorous aerobic physical activity each week [8, 9].
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Descriptive Epidemiology of Obesity and Physical Inactivity

The worldwide prevalence of overweight and obesity is increasing and has
achieved epidemic proportions particularly in developed countries [10]. In 2014,
the prevalence of obesity worldwide was 11% in adult men and 15% in women
[11]. During the period between 1975 and 2014, the global age-standardized mean
BMI increased from 21.7 kg/m? to 24.2 kg/m? in men, an increase of 0.63 kg/m?
per decade, and from 22.1 kg/m? to 24.4 kg/m? in women, an increase of 0.59 kg/
m? per decade [12]. It is anticipated that by 2025, 18% of men and more than 20%
of women will be obese [12]. The prevalence of obesity is more than two-fold
higher in developed countries [11]. In particular, the highest prevalence was docu-
mented in the United States of American (USA), where more than 30% of the
adult population is obese [12]. Since 2006, the rise in the prevalence of obesity
appears to be curtailed in developed countries, but the corresponding rates are ris-
ing in developing countries [13].

Globally, 20% of men and 27% of women were unable to meet WHO recom-
mendations for physical activity levels [11]. The prevalence of inadequate physical
activity was highest in the WHO regions of America and East Mediterranean, while
the lowest rates were observed in Africa and South-East Asia [11]. Physical inactiv-
ity rates were almost two-fold greater in high (33%) as compared to low-income
countries (17%). Rising trends in physical inactivity are primarily attributed to
urbanization and sedentary lifestyles, which have been readily adopted in high
income countries [11, 14, 15]. Worldwide, approximately 1.6 million deaths in 2015
alone and 35 million lost disability adjusted life years are attributed to physical
inactivity [16].

Epidemiology of Prostate Cancer

Incidence Rates

Prostate cancer is the second most commonly diagnosed cancer in men following
lung cancer. It is estimated that 1.1 million men worldwide were diagnosed with
prostate cancer in 2012, 70% of whom resided in economically developed countries
[17]. The age-adjusted incidence rate of prostate cancer in developed countries is 69
cases per 100,000 person-years exceeding corresponding rates for lung and colorec-
tal cancers [17]. There is large variability in the incidence rates of prostate cancer
across the globe with highest rates (85110 cases per 100,000) reported in Australia,
New Zealand, North America and Europe, whereas the lowest incidence rates are
observed in Asian populations (about 9 cases per 100,000) [17, 18]. The different
trends in prostate cancer incidence may be partly attributed to differences in country-
specific recommendations for the use of prostate-specific antigen (PSA) as a screen-
ing tool for detecting prostate cancer [19]. In countries such as the USA, Canada
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and Australia, where regular PSA screening was adopted early on in clinical prac-
tice, initial dramatic spikes in incidence rates of prostate cancer were observed
[20-22]. Similar, albeit deduced, increases were observed in Western Europe, where
regular PSA testing was adopted later [23]. Rates have since been declining in these
countries, but continued increases of smaller magnitude in the incidence rates of
prostate cancer during the past two decades have been observed in several Asian and
Eastern European countries, where PSA testing is not widely used, suggesting
changes in prostate cancer risk factors [20, 21, 24]. In addition, geographic differ-
ences in prostate cancer incidence rates were apparent prior to the introduction of
PSA screening, further highlighting a potential role of environmental and lifestyle
factors in the etiology of this disease.

Mortality Rates

Prostate cancer is the fifth most common cause of cancer death worldwide, corre-
sponding to approximately 6.6% of all deaths in men [17]. Mortality rates are gener-
ally high in populations of African descent (19-29 deaths per 100,000), intermediate
in the Americas and Oceania, and very low in Asia (2.9 per 100,000). During the
past one or two decades, prostate cancer mortality rates have declined in many
countries in men of all race/ethnicities, the reasons of which remain controversial
[25]. However, it is noteworthy that most recently rising mortality rates have been
reported in Russia, Belarus, and Bulgaria [17, 19, 21, 26, 27].

Heterogeneity of Prostate Cancer

Prostate cancer is a clinically heterogeneous disease ranging from microscopic,
well-differentiated indolent tumors to aggressive disease; the latter comprises
10-20 % of all tumors and can lead to considerable morbidity and mortality [28].
This clinical heterogeneity may reflect the underlying heterogeneity and inconsis-
tency of study results on putative risk factors, and may have implications for screen-
ing, treatment and prognosis. Efforts to understand risk factors for prostate cancer
with a lethal phenotype are central to contemporary prostate cancer research.

Risk Factors

Despite the large amount of epidemiological research on prostate cancer etiology,
the only well-established risk factors are age, race, family history, and low-
penetrance genetic variants. The probability of developing prostate cancer
increases from 0.3% in men aged younger than 49 years to 11.2% in those older
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than 70 years [29, 30]. Individuals of African descent are at highest risk of devel-
oping prostate cancer, followed by those of Caucasian and Asian descent. In par-
ticular, African-American men have 1.6 times higher incidence rates than
Caucasian-Americans [31]. A positive family history of prostate cancer in a first
degree relative puts men at an approximately two-fold increased risk of develop-
ing prostate cancer [29]. During the last decade, genome-wide association studies
have identified more than 100 independent low-penetrance genetic loci associated
with risk of prostate cancer, which combined explain more than one third of the
disease variability [32, 33].

Epidemiological Evidence of an Association Between Obesity
and Prostate Cancer

Overview

If this association is causal, it may be important for public health, because obe-
sity and prostate cancer affect substantial proportions of men. However, reported
associations could also be a product of residual confounding or several biases as
shown in prior empirical research in the field of cancer epidemiology [34-38].
We recently conducted two umbrella reviews to evaluate the strength of the evi-
dence and assess the extent of potential biases in the field of diet, nutrition,
obesity, physical activity and risk of several cancers [39, 40]. We systematically
identified all published systematic reviews or meta-analyses of prospective
studies in this field and applied several criteria to assess evidence strength and
validity. Data from 46 meta-analyses on the association between seven somato-
metric factors (i.e., BMI, weight, WC, WHR, weight gain, BMI at age 18-21,
and birth weight) and risk of eight different prostate cancer endpoints were
retrieved, a summary of which is presented in Table 1.1. The associations were
categorized into five evidence judgments: strong, highly suggestive, suggestive,
weak, and not significant evidence.

While none of these associations presented strong evidence (Table 1.1), statisti-
cally significant positive associations were observed for BMI and risk of advanced
or fatal prostate cancer, the majority of which were graded with suggestive evi-
dence. Similar associations in magnitude and direction were observed for weight,
WC and WHR with risk of advanced or fatal disease, but the evidence judgments
were in general weaker compared to associations for BMI. Statistically significant
inverse associations between BMI and risk of low-grade or localized prostate cancer
were observed, but these associations were graded with suggestive or weak evidence.
None of the associations between the other measures of the adiposity and risk the
other prostate cancer endpoints, including total prostate cancer, was statistically
significant (Table 1.1). All of these associations are described in more detail in the
following sections.
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10 N. Papadimitriou et al.
BMI and Risk of Total Prostate Cancer

BMI was not associated with risk of total prostate cancer in a comprehensive meta-
analysis of 39 prospective cohorts published in 2014 (Table 1.1) by the World
Cancer Research Fund (WCRF) Continuous Update Project (CUP) [41]. The risk
for developing total prostate cancer was 1.00 (95% CI: 0.97-1.03) for every 5 kg/m?
higher BMI. Large between-study heterogeneity was observed, as denoted by an I
value of 70%. Similar findings were reported by another five meta-analyses that
included fewer prospective studies [42—45]. In agreement, three recent large
Mendelian randomization studies did not find evidence of a causal effect between
BMI and risk of total prostate cancer [46—48]. Several studies have explored whether
screening PSA tests influence the association of BMI with risk of total prostate
cancer, but none of the studies identified a statistically significant interaction [49—
53]. Some evidence of a non-linear association was observed in the report by
WCREF-CUP and the meta-analysis by Hu and colleagues [41, 42]. Specifically, an
inverse J-shaped relationship was suggested with a peak in prostate cancer risk for
BMI equal to approximately 25 kg/m? and a significant reduction from that point on,
which was also reported in a recent large cohort study in the UK [54].

BMI and Risk of Prostate Cancer by Disease Severity

The association between body size and incidence of advanced or aggressive and
non-advanced or non-aggressive prostate cancer is complex [41-43, 55, 56].
Elevated BMI has been associated with an increased risk of high-grade and advanced
prostate cancer, whereas inverse associations have been observed for low-grade and
localized disease (Table 1.1). More specifically, a meta-analysis of 23 cohorts
showed an 8% (95% CI: 1.04—1.12) increase in the risk of advanced prostate cancer
for each 5 kg/m? higher BMI, whereas a meta-analysis of 12 cohorts showed an
inverse association for localized disease (RR: 0.94; 95% CI: 0.91-0.97) [41].

The different associations of obesity by prostate cancer severity have been attrib-
uted in part to biology and part to detection biases associated with obesity [38].
Studies have shown that obese men have lower circulating PSA concentrations
[57-59], which could produce a lower likelihood of having localized disease
detected by screening compared to normal weight men. In addition, obesity may
make the performance of a digital-rectal examination more challenging due to
excess perirectal fat [60]. Obese men have also larger prostates, which further
reduces the likelihood of finding an occult prostate cancer by biopsy [61]. All of the
latter factors could lead to a reduced probability of detection of early-stage cancers,
but they could also contribute to elevated incidence of advanced disease in obese
men, because their cancers may grow undetected for a long time. However, some
studies conducted before the PSA era [62] observed a positive association between
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obesity and prostate cancer mortality, which means that detection bias cannot fully
explain the link between obesity and aggressive prostate cancer.

The extent to which the literature on body size and prostate cancer is affected by
detection or other biases or confounding is difficult to prove definitively. In two
published critical appraisals of the literature, we probed whether there is evidence
for bias using an array of statistical tests and sensitivity analyses [39, 40]. The
majority of the associations between body size and risk of aggressive and non-
aggressive prostate cancer were graded by suggestive or weak evidence. No asso-
ciation was graded with strong evidence.

To further address whether bias may explain all or part of the association between
obesity and advanced and non-advanced prostate cancer, we reviewed two large
Mendelian randomization studies. Mendelian randomization is a statistical technique
that uses polymorphisms in genes strongly associated with the exposure and associated
with the outcome only via the exposure to estimate causal effects. These studies found
little evidence of a substantial causal effect of BMI on prostate cancer endpoints [47,
48]. The risk estimate for aggressive prostate cancer (N: 4450 cases) produced by the
GAME-ON consortium was 1.11 (95% CI: 0.85-1.44) [47], and the estimate for
advanced disease (N: 4325 cases) from the PRACTICAL consortium was 1.01 (95%
CI: 0.97-1.05) both per one standard deviation higher adult BMI [48]. Similar very
weak associations were observed in PRACTICAL for localized (N: 12,975; RR: 0.98;
95% CI: 0.96-1.00), low-grade (N: 8784; RR: 0.97; 95% CI: 0.94-1.00) and high-
grade disease (N: 8230; RR: 1.00; 95% CI: 0.98-1.01) per one standard deviation
higher adult BMI. The associations for localized and low-grade disease were border-
line statistically significant [48]. However, the genetic risk scores explained only a
small amount of the variance (1.46% in PRACTICAL) in BMLI. In addition, Mendelian
randomization estimates have a causal interpretation only if the assumptions of the
method hold. No evidence of assumption violation was detected in the Mendelian ran-
domization studies [47, 48], although some of the assumptions are not easily testable.
Further research in this area is warranted to better address these limitations.

BMI and Risk of Fatal Prostate Cancer

Four meta-analyses have examined the association between BMI and prostate can-
cer mortality [41, 43, 63, 64]. A 5 kg/m? higher BMI was associated with an 11%
(95% CI: 1.06—1.17) increased risk of prostate cancer mortality in a meta-analysis
of 12 cohorts (Table 1.1) [41]. Another meta-analysis of 15 cohorts observed an RR
of 1.33 (95% CI: 1.22—1.45) comparing obese to normal weight men [63]. This
positive association may be due in part to delayed prostate cancer diagnosis in obese
versus normal weight men, but it could be also causal as studies have shown that
obesity is associated with higher concentrations of insulin and inflammatory cyto-
kines and lower concentrations of adiponectin and testosterone, all of which may be
factors that influence prostate cancer progression [38, 65]. The Mendelian
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randomization study from the PRACTICAL consortium did not observe a statisti-
cally significant causal effect per standard deviation in BMI and prostate cancer
mortality (OR: 1.00; 95% CI: 0.96—1.04), but this study only included 1483 prostate
cancer deaths [48].

Other Measures of Adiposity and Risk of Prostate Cancer

The association between measures of adiposity other than BMI and risk of prostate
cancer has been assessed in fewer studies. A meta-analysis of 14 prospective studies
observed that weight was not associated with risk of total prostate cancer (Table 1.1),
but a statistically significant association was observed for advanced (N: 5 studies;
OR per 5 kg higher weight: 1.03; 95% CI: 1.01-1.06) and fatal disease (N: 4 stud-
ies; OR: 1.09; 95% CI: 1.04-1.14) [41], which were judged with weak and sugges-
tive evidence in our umbrella reviews, respectively [39, 40].

WC and WHR in mid- and later-adulthood have been associated with advanced
disease, but not generally with risk of total prostate cancer incidence or other pros-
tate cancer endpoints (Table 1.1). Meta-analyses of four studies yielded a 12% (95%
CI: 1.04-1.21) and 15% (95% CI: 1.03—1.28) increase in risk of advanced prostate
cancer per 10 cm and 0.1 units higher WC and WHR, respectively [41], which were
both judged with weak evidence [39, 40]. WHR was not associated with risk of total
or aggressive prostate cancer in the Mendelian randomization study performed by
the GAME-ON consortium [47].

The role of body size in childhood and early adulthood has also been studied. In
the meta-analysis conducted by WCRF, BMI in early adulthood (18-21 years) was
not associated with prostate cancer incidence or mortality (Table 1.1) [41], but in
general few studies have investigated these hypotheses. The Health Professionals
Follow-up Study found that high BMI at age 21 was inversely associated with risk
of total, advanced and fatal prostate cancer [66]. It is possible that obesity in child-
hood and adolescence impacts sex hormone concentrations during periods of pros-
tate growth and development that may be important for later prostate cancer risk.
However, when the Mendelian randomization study in the GAME-ON consortium
investigated whether childhood BMI was associated with total or aggressive pros-
tate cancer, null associations were observed [47].

The meta-analysis conducted by WCREF did not report statistically significant
associations between birth weight and risk of any prostate cancer endpoint [41],
but a positive association was observed between the genetic risk score for birth
weight and aggressive prostate cancer (OR: 1.63 per standard deviation increase
in birth weight; 95% CI: 1.03, 2.57) in the GAME-ON Mendelian randomiza-
tion study [47].

A few prospective cohort studies have examined adult weight change, which
may be a better metric of the dynamic nature of adiposity during adulthood that is
when obesity becomes central and has more metabolic effects, and the risk of pros-
tate cancer. Two meta-analyses observed null associations for most prostate cancer
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endpoints (Table 1.1) [67, 68]. The only exception was a statistically significant
positive association observed for fatal disease per 5 kg weight gain (RR: 1.15; 95%
CI: 1.08-1.23) in a meta-analysis of only two prospective studies [67].

Epidemiological Evidence for an Association Between Physical
Activity and Prostate Cancer

Physical Activity and Risk of Total Prostate Cancer

Physical activity has not been consistently associated with total prostate cancer inci-
dence. We recently critically appraised this evidence using data from four published
meta-analyses of prospective cohort studies (Table 1.2) that investigated whether
total, occupational or recreational physical activity was associated with risk of pros-
tate cancer [39]. Total physical activity was not associated with risk of prostate
cancer incidence in a meta-analysis of ten prospective studies published in 2014
comparing men in the highest versus the lowest physical activity quartile (RR: 0.97;
95% CI: 0.90-1.04) [41]. Another meta-analysis published in 2011 identified 24
prospective studies, and estimated a weak but statistically significant summary RR
of 0.94 (95% CI: 0.91-0.98), which was attenuated when only high-quality pro-
spective studies were retained (N: 19 studies; RR: 0.96; 95% CI: 0.92—-1.00) [69].

High occupational physical activity was associated with a 13% (RR: 0.87; 95%
CI: 0.80-0.95) decreased risk of total prostate cancer incidence in a meta-analysis
of 13 prospective studies (Table 1.1) [41], which was judged with weak evidence in
our published umbrella review [39]. No statistically significant associations were
observed for recreational physical activity and risk of total prostate cancer in the
published meta-analyses [41, 69, 70]. However, a recent pooled analysis of 12 pro-
spective studies in the USA and Europe reported a weak but statistically significant
increased risk of total prostate cancer comparing men with high (90th percentile)
versus low (10th percentile) levels of leisure-time physical activity (HR: 1.04; 95%
CI: 1.01-1.07) [71]. This finding might be due to detection bias as there is no known
biological rationale to explain this association and it has been hypothesized that
physically active men are more likely than inactive men to receive digital rectal
examinations and/or PSA screening [72].

Physical Activity and Risk of Prostate Cancer by Disease
Severity

No statistically significant associations have been reported in published meta-
analyses for total, occupational, or recreational physical activity with risk of local-
ized or advanced prostate cancer (Table 1.2) [41, 69]. Leisure-time physical activity
was associated with a higher risk of non-advanced disease (HR [90th vs. 10th
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percentile]: 1.08; 95% CI: 1.03—1.12), but not with advanced prostate cancer
(HR: 0.99; 95% CI, 0.88—1.10) in the recent pooled analysis of 12 prospective stud-
ies [71], which implies that results for total and non-advanced prostate cancer are
probably influenced by detection bias. Recreational physical activity was not asso-
ciated with prostate cancer mortality in a meta-analysis of five prospective studies
(Table 1.2; RR [highest vs. lowest quartile]: 0.89; 95% CI: 0.76—1.05) [41].

Discussion and Directions for Future Research

The existing epidemiological literature on the relationship of correlates of energy
balance—body size and physical activity—with risk of prostate cancer was sum-
marized in this review. From a public health perspective, the potential identification
of obesity and physical inactivity as risk factors for prostate cancer, especially for
aggressive and fatal disease, is of paramount importance due to the high incidence
of the disease and the high prevalence and modifiable nature of the exposures.
Overall, the association of body size and physical activity with prostate cancer has
been extensively studied. Meta-analyses of prospective studies have shown that
high BMI is associated with a decreased risk of localized prostate cancer and an
increased risk of advanced and fatal disease [39—41]. The magnitude of the observed
associations was modest, ranging up to 10% of risk decrease or increase per 5 kg/m>
higher BMI, respectively. It is generally difficult to distinguish such modest relative
risks from potential chance or bias, and there is evidence that these results may be
attributed, in part, to detection biases associated with obesity [38], although it is
impossible to prove the definitive presence or the exact source of biases in epide-
miological research. To diminish the probability of detection bias in obese men, it
has been suggested that BMI-adjusted PSA cut-points should be used and more
biopsy cores should be obtained in obese men who tend to have larger prostates
[38], but studies are warranted to test this hypothesis.

The notable biological heterogeneity of prostate cancer adds further uncertainty
in the determination of prostate cancer risk factors, and future research should focus
in identifying more valid and accurate markers of this biological heterogeneity than
stage and grade of the disease. Until then, prostate cancer death remains the most
robust and clinically relevant outcome and future prospective studies and large con-
sortia should focus on this endpoint, as approximately only one in four published
studies in the field of obesity and prostate cancer have included fatal prostate cancer
as an outcome (Table 1.1). In the absence of data from randomized controlled trials
examining the effects of weight loss on prostate cancer endpoints, Mendelian ran-
domization analyses might prove useful in determining whether an observed asso-
ciation is likely to be causal. Two large Mendelian randomization studies have been
published, but found little evidence of a substantial causal effect of BMI on the
different prostate cancer endpoints [47, 48]. Only one of these studies investigated
risk of fatal prostate cancer, but included only 1483 deaths and was likely under-
powered for this outcome [48].
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Fewer prospective studies have investigated the association between other indi-
ces of adiposity, including markers of central obesity, body size in childhood and
early adulthood and weight change, with risk of prostate cancer. The existing obser-
vational evidence supports a potential positive association between markers of cen-
tral adiposity and risk of advanced prostate cancer, but again this evidence is not
robust and the evidence is sparse for other adiposity indices [39—41]. Large prospec-
tive studies should be conducted in the future to investigate these associations, as
they may prove useful in explaining part of the underlying heterogeneity of the
observed associations between adiposity and prostate cancer and may also improve
our understanding of the potential mechanisms involved in these associations.

Physical activity is not robustly associated with risk of prostate cancer [39—
41]. The different sources of physical activity (i.e. total, occupational, recre-
ational) and the wide variability and potential measurement error in the methods
of its assessment add complexity. Further research, in the form of randomized
controlled trials and epidemiological studies is necessary to understand whether
the hypothesized benefits of exercise on prostate cancer are real. In the near
future, new large prospective studies and bio-banks are expected to provide more
valid estimates of the associations of obesity and physical activity with risk of
prostate cancer endpoints using direct measurements of body fat (e.g. bioelectri-
cal impedance analysis and DXA) and motion (e.g. accelerometry) in hundreds
of thousands of participants [73, 74].

Conclusions

Markers of general and central obesity have been associated with an increased risk
of advanced and fatal disease, and a decreased risk of localized prostate cancer, but
hints of bias are present in this literature. The literature evidence is sparse and
inconsistent for other adiposity indices and physical activity. Future prospective
studies and large consortia with valid and direct assessment of the time-varying
nature of body fatness and physical activity and with a focus on lethal prostate can-
cer are needed to draw firmer conclusions.

Funding NP and KKT were supported by the World Cancer Research Fund
International Regular Grant Programme (WCRF 2014/1180 to KKT).
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Chapter 2
Racial/Ethnic Differences in the Association
Between Energy Balance and Prostate Cancer

David S. Lopez

Abstract Population-based studies now generally support a positive association
between correlates of energy imbalance and prostate cancer risk. However, despite the
fact that prostate cancer shows notable racial/ethnic disparities, and the fact that modi-
fiable and non-modifiable risk factors for prostate cancer show racial/ethnic variation,
little work has been done to investigate whether the association between energy bal-
ance and prostate cancer differs by race/ethnicity. This chapter reviews the still evolv-
ing literature, including on lifestyle risk factors that are correlated with energy balance,
with a focus on risk of advanced and fatal prostate cancer in different racial and ethnic
groups. The majority of studies on energy balance and prostate cancer have been con-
ducted in non-Hispanic white men, including from North America, Europe, and
Australia. Very few studies on this topic have been conducted among minority popula-
tions, and of those studies that included minority populations, the sample sizes were
so small that meaningful conclusions could not be derived. Some studies adjusted for
race/ethnicity, but findings from these analyses do not inform whether the association
between energy imbalance and prostate differs by race/ethnicity. Adequately powered
studies seeking to document similarities and differences among racial/ethnic groups
in energy-balance related risk factors for prostate cancer, especially lethal disease, are
needed to be able to tailoring interventions to subpopulations. Standard definitions of
race, ethnicity, and more generally ancestry, must be developed for such research in
population-based studies, to make the comparison among study findings more valid
and reliable. More work is also needed to understand the biological pathways that may
underlie any racial/ethnic differences in the association between energy balance and
prostate cancer: testosterone remains a possible explanatory mechanism.
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In the last ten years, the investigation of the role of energy balance, especially the
imbalance between excessive energy intake relative to energy expenditure, in pros-
tate cancer has increased substantially. Population-based studies now generally sup-
port a positive association between correlates of energy imbalance and prostate
cancer risk. However, despite the fact that prostate cancer shows notable racial/
ethnic disparities, and the fact that modifiable and non-modifiable risk factors for
prostate cancer show racial/ethnic variation (Fig. 2.1), little work has been done to
investigate whether the association between energy balance and prostate cancer dif-
fers by race/ethnicity. This chapter reviews the still evolving literature, including on
lifestyle risk factors that are correlated with energy balance, with a focus on risk of
advanced and fatal prostate cancer in different racial and ethnic groups. In addition,
we will focus thoroughly in one biological mechanism, i.e. testosterone, as the
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Fig. 2.1 Impact of race and ethnicity in the association of energy imbalance and natural history of
prostate cancer
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interplay among energy imbalance (specifically obesity), testosterone, and prostate
cancer by race and ethnicity has begun to receive attention.

Race and Ethnicity: Description and Its Use in Research

The inclusion of race and ethnicity in research, especially in the investigation of
energy balance and prostate cancer, is a growing and evolving field. Therefore,
before we discuss the impact of race of race and ethnicity in the association of
energy balance and prostate cancer, it is important to understand the implications of
using race and ethnicity in research. We will (1) describe the different racial and
ethnic groups in the United States (US); (2) report the use of race/ethnicity in epi-
demiological studies and its implications; and (3) understand the historical low par-
ticipation of minority populations (other than non-Hispanic White) in randomized
clinical trials, and the ongoing efforts to increase these numbers [1, 2].

Characterization of Race and Ethnicity in the US

The US Census Bureau collects race and ethnicity information following the US
Office of Management and Budget’s guidelines and this information is based on
self-identification [3]. The racial groups included in the Census questionnaire gen-
erally reflect a social definition of race recognized in the US and not an attempt to
define race biologically, anthropologically, or genetically. The Census uses five
racial groups and one ethnic group: White, Black/African-American, American
Indian/Alaska Native, Asian, and Native Hawaiian/other Pacific Islander, and the
Hispanic/Latino ethnic group. People may self-identify with more than one race
group, and also people who identify their origin as Hispanic/Latino may be of any
race [3, 4].

* White—A person having origins in any of the original peoples of Europe, the
Middle East, or North Africa.

* Black or African American—A person having origins in any of the Black racial
groups of Africa.

* American Indian/Alaska Native—A person having origins in any of the origi-
nal peoples of North and South America (including Central America) and who
maintains tribal affiliation or community attachment.

e Asian—A person having origins in any of the original peoples of the Far East,
Southeast Asia, or the Indian subcontinent including, for example, Cambodia,
China, India, Japan, Korea, Malaysia, Pakistan, the Philippine Islands, Thailand,
and Vietnam.

* Native Hawaiian/Other Pacific Islander—A person having origins in any of
the original peoples of Hawaii, Guam, Samoa, or other Pacific Islands.
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e Hispanic/Latino ethnicity—A person having origins from Mexico, Puerto
Rico, Cuba, or Spanish Origin (any country from South America). Hispanics/
Latino ethnicity may be of any other race mentioned above.

From 2000 to 2010, more than half of the growth in the total US population was
due to the increase in the Hispanic population. Hispanic population grew by 43%
increasing from 35.3 million in 2000 to 50.5 million in 2010 [4]. The White popula-
tion grew 5.7% (211.4-223.5 million), Black/African American population grew
12.3% (34.6-38.9 million), American Indian/Alaska Native grew 18.4% (2.4-2.9
million), Asian population grew 43.3% (10.2—-14.6 million), and Native Hawaiian/
Other Pacific Islander population grew 35.4% (398,835-540,013). From this infor-
mation and compared to the White population, the percent increased almost double
in all the other racial and ethnic groups from 2000 to 2010.

Use of Race and Ethnicity in Epidemiological Studies

In parallel to the growth of the minority population, the use of race and ethnicity in
research has increased over the past five decades [3, 6]. Yet, there is still confusion
regarding the meaning of the terms. In a comprehensive review of 1198 articles,
researchers determined how current investigators address the use of race and ethnic-
ity as scientific variables in epidemiologic and public health studies [7]. These arti-
cles were published from 1996 to 1999 in two well-established and peer-reviewed
journals that focused on publishing research of public health importance, the
American Journal of Epidemiology and the American Journal of Public Health. One
of the main findings in this review was the wide diversity of terms used to character-
ize the variables of race and ethnicity and the categories used to describe these
variables. Because race and ethnicity is self-reported, researchers have no standard
methodology to know how and when to use race and ethnicity terms/variables in
randomized trials, epidemiologic studies, or research in general. Therefore, research
findings from studies using race and ethnicity as a variable should be interpreted
with caution to avoid generalizations as this variable is self-reported and there is no
standard methodology among researchers for its use.

Participation of Race and Ethnicity in Randomized Clinical
Trials and Observational Studies

Several studies have shown that minority populations are underrepresented in clini-
cal trials and biobanking [8, 9], yet little is known about the reasons for their low
participation and reasons may differ among different for each racial and ethnic
group [1, 8, 10]. For instance, Scott et al. [9] in the Retrovirus Epidemiology Donor
Studies (REDS-I/-IT) demonstrated repository participation rates were lower among
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Table 2.1 Prostate cancer incidence and mortality rates by race and ethnicity, United States,
2008-2012

Non-Hispanic Non-Hispanic | Asian/Pacific American Indian/Alaska

White Black Islander native Hispanic
INCIDENCE

123.0 1208.7 167.8 190.5 [112.1
MORTALITY

19.9 1472 194 1202 117.8

Adapted from Siegel RL et al. [12]

Rates are per 100,000 population and age adjusted to the 2000 US standard population. Nonwhite
and nonblack race categories are not mutually exclusive of Hispanic origin

Data based on Indian Health Service Contract Health Service Delivery Areas (CHSDA) counties.
Incidence rates exclude data from Kansas

African-Americans and Hispanics than among non-Hispanic Whites. A number of
studies has suggested that minority populations are less likely to participate in clini-
cal trials and biobanking because they have concerns related to sharing of genetic
data and lack of credibility and trust in research institutions [1, 11]. Although there
is a great effort to include minority populations in clinical trials, there are still few
studies with very small numbers of minority study participants, including those
investigating energy balance and prostate cancer or modifiable factors strongly cor-
related with energy balance. This information provides understanding about the few
randomized trials found different racial and ethnic groups. Although the evaluation
of associations separately among racial and ethnic groups in observational studies
has increased, the sample sizes by race/ethnicity are, in general, small and therefore
drawing race/ethnicity-specific inferences to inform population-specific recommen-
dations has been difficult.

Prostate Cancer Incidence and Mortality Rates: Race
and Ethnicity

Prostate cancer is the most common cancer diagnosed in men from any racial and
ethnic group in the U.S. [12]. Furthermore, prostate cancer is the second most com-
mon cause of death among US men from any racial and ethnic group, with the
exception in Asian/Pacific Islander men. Yet, one of the interesting characteristics of
prostate cancer is that its incidence and mortality rates vary significantly by race and
ethnicity (Table 2.1) [12, 13]. Non-Hispanic Black men have both the highest inci-
dence and mortality rates of prostate cancer. They are followed by non-Hispanic
White men with the second highest incidence rate, and subsequently by Hispanics,
American Indian/Alaska Native, and lastly by Asian/Pacific Islander men. However,
mortality rates are the second highest among American Indian/Alaska Native men,
followed by non-Hispanic Whites, Hispanics, and again lastly by Asian/Pacific
Islanders. Therefore, it is interesting to note that one group is consistent with having
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both the highest incidence and mortality rates (non-Hispanic Black men) and
another one with having both the lowest incidence and mortality rates (Asian/Pacific
Islander men).

Worldwide, reported prostate cancer incidence rates vary more than 25-fold and
mortality rates vary more than 10-fold [14]. This cancer is the second most common
type in men globally [15, 16]. With an estimated 307,000 deaths in 2012, prostate
cancer is the fifth leading cause of death from cancer in men [16]. The highest inci-
dence rates of prostate cancer are observed in Australia/New Zealand and North
America (annual rates standardized to the world age standard: 111.6 and 97.2 per
100,000 men, respectively); however, these high rates have been attributed mainly
to the widespread practice of prostate-specific antigen testing and subsequent biopsy
in those regions. When the mortality rates of prostate cancer are stratified by race
and ethnicity, mortality is highest predominantly in black populations (annual rates
standardized to the world age standard: Caribbean, 29 per 100,000 men; sub-
Saharan Africa, 19-24 per 100,000 men), intermediate among men from the
Americas and Oceania, and the lowest among Asian men (2.9 per 100,000 men)
[16].

The future of prostate cancer is and will remain as a significant public health
concern. It is estimated that in just over a decade, prostate cancer will overtake lung
cancer as the most common form of cancer in men around the globe [17, 18].
Therefore, racial/ethnic disparities in prostate cancer are expected to increase in
parallel.

Modifiable and Non-Modifiable Risk Factors for Prostate
Cancer: Race and Ethnicity

Race (black or African ancestry), older age and family history of prostate cancer are
the only well-established risk factors for prostate cancer [19, 20]. Unfortunately,
these factors are non-modifiable, and although they are important to identify high-
risk groups to develop and target specific interventions, men have no control over
them. While not established risk factors, epidemiological studies suggest associa-
tions between modifiable factors and prostate cancer, primarily advanced and fatal
prostate cancer cases, suggesting that they may have an effect on the progression of
the disease rather than initiation of disease [20-22]. A list of these modifiable fac-
tors include total fat intake, saturated fat, low physical activity and body size (total
and distribution of adiposity) [17, 20, 22]. Interestingly, several of these modifiable
factors are aspects of or strongly linked to energy balance. Of these energy-related
factors, body size (total and distribution of adiposity) is considered one the most
valid and reliable measure of health exposure related to energy balance [23].
Therefore, a substantial number of studies have focused on body size to make infer-
ences about energy balance. Race and ethnicity have been shown to play an inde-
pendent role in any of these modifiable and non-modifiable factors, including stage
and grade of prostate cancer (Fig. 2.1).
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Energy Balance and Prostate Cancer: By Race and Ethnicity

Experimental studies have shown the plausibility of the role of energy imbalance
(excessive energy intake in relation to energy expenditure) in the development and
progression of prostate cancer. A number of experimental studies in mouse and rat
models have confirmed that energy restriction reduced the development of tumors
and they have explored the beneficial effects of energy restriction in models of carci-
nogenesis [24-26]. However, in population-based studies, for obvious ethical rea-
sons it will be difficult to investigate the long-term effect of energy restriction on
prostate cancer. Therefore, the evidence of the role of energy imbalance in advanced
and fatal prostate cancer is obtained largely from observational studies investigating
the effect of modifiable factors strongly correlated with energy balance on the natural
history of prostate cancer [17, 21, 27-30]. Although there is a clear racial and ethnic
disparity in prostate cancer and evidence that energy imbalance influences prostate
cancer carcinogenesis as shown in experimental, migrant, ecological, and observa-
tional studies [21], it is surprising there are still few studies that have investigated the
full impact of race and ethnicity in that association. This lack of study makes the
generalizability of findings from previous studies to minority populations uncertain.
Studies investigating the association between energy intake itself and prostate cancer
are difficult to perform because of inaccuracies in methods of measuring caloric
intake in large observational studies. Yet, the importance of addressing racial/ethnic
disparities in prostate cancer that might result from differences in energy intake may
be suggested based on a study that quantified the energy imbalance gap responsible
for the US adult obesity epidemic among racial and ethnic groups [31]. Fallah-Fini
et al. 2014 [31] concluded that no racial and ethnic group showed a negative or zero
energy imbalance gap, suggesting that the obesity epidemic continues to worsen,
albeit at a slower rate. In the past decade the epidemic has slowed down for non-
Hispanic Whites, is starting to slow for non-Hispanic Blacks, but continues to accel-
erate among Mexican-Americans, suggesting that future interventions addressing
energy imbalance should be tailored to minority population’s needs.

Energy Balance and Prostate Cancer in Randomized Trials
and Observational Studies: Race and Ethnicity

Randomized Controlled Trials (RCTs) of Lifestyle Interventions
(Diet and Physical Activity), Lycopene, and Selenium
and Prostate Cancer

In general, participation of minority populations in RCTs is very limited, including
those investigating the interplay of energy imbalance, prostate cancer and race and
ethnicity. A number of RCTs have been conducted investigating the association of
lifestyle interventions (diet and physical activity), nutrients (selenium and
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lycopene) with all stages of prostate cancer. Some of these RCTs have included a
few participants from different racial ethnic groups.

Lifestyle Interventions (Diet, Physical Activity): Race/Ethnicity

In a systematic review of randomized controlled trials of the influence of lifestyle
interventions on breast and prostate cancer outcomes published between 1980 and
2010 [32], only one [33] trial (n = 84 participants) reported on a possibly relevant
outcome. That trial reported that a 12-month lifestyle intervention (vegan diet, sup-
plements, aerobic exercise, stress management techniques) produced declines in
prostate specific antigen (PSA) level, but did not investigate whether the interven-
tion reduced the rate of progression. That trial and two other RCTs [34, 35] identi-
fied by the systematic review, investigated the effect of lifestyle interventions on
secondary outcomes, such as fat intake (calories from fat), among prostate cancer
patients. In general, the systematic review concluded that the strength of evidence
for effects on these secondary outcomes was insufficient. The two main racial
groups included in these three RCTs were White and Black men. Yet, it is important
to note that in the three studies more than 85% of the study participants were White.
Therefore, there was insufficient information to derive a conclusion among Black
men.

Lycopene: Race/Ethnicity

A body of literature supports that tomatoes, tomato-based products, and blood lyco-
pene levels may be inversely associated with prostate cancer [36]. A recent double-
blind, randomized, placebo-controlled trial of 105 African-American men reported
higher lycopene levels in prostate tissue after comparing the lycopene intervention
(30 mg/day of lycopene) groups vs placebo group for 21-days (0.446 + 0.53 vs
0.593 + 0.472; P = 0.005) [37]. A 6-month repeat biopsy randomized trial among
men with high-grade prostatic intraepithelial neoplasia investigating a lycopene-
rich tomato extract reported that no treatment effects on PSA, insulin-like growth
factor proteins, or on prostate tissue markers of proliferation were apparent [38].
This latter trial included 58 men and only 6 African-American men were included
in the intervention group and 9 in the placebo group.

Selenium: Race/Ethnicity

Two large randomized controlled trials have been conducted on the association
between selenium intake and prostate cancer [39, 40]. However, the independent
results from these RCTs are inconsistent. The Nutritional Prevention Cancer (NPC)
[40] trial, which included prostate cancer as a secondary outcome, showed a reduced
risk for prostate cancer for those men with low selenium status at the beginning of
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the trial. However, no race and ethnicity information was included in the trial. In the
second trial, the large SELECT trial [39], selenium did not affect prostate cancer
incidence (hazard ratio = 1.04; 99% CI = 0.87-1.24). The authors of this large trial
indicated that racial and ethnic groups were recruited for generalizability, however,
no racial/ethnic-specific analyses were conducted (White, n = 27,569 [79%];
African American, n = 4314 [12%]; Hispanic, n = 2294 [6.6%]; Asian, n = 420
[1.2%]; Native American, n = 99 [0.28%]; and Pacific Islander, n = 39 [0.11%]).

Prospective Cohort Studies, Case-Control and Other Study
Designs on Energy Intake, Total Fat Intake, Saturated Fat
and Body Size: Race and Ethnicity

Prospective Cohort Studies: Race and Ethnicity

In a 2016 meta-analysis of three prospective studies, the pooled analyses showed
that men exposed to early-life energy restriction (ranging from 220 to 800 kcal/day)
had a higher prostate cancer risk than those not exposed (Relative Risk [RR] =1.16;
95% CI=1.03—1.30) [41]. The endpoint for two of these studies was prostate cancer
risk [42, 43] and was prostate cancer mortality for the third one [44]. Only one of
the three studies reported a statistically significant association for energy restriction
(prostate cancer risk, RR = 1.5; 95 CI = 1.01-1.31) [43]. The racial background for
each study population was White: Dirx et al. included men from the Netherlands,
Keinan-Boker et al. from Israel, and Koupil et al. from Leningrad-USSR. However,
it is important to note that the findings from these studies should interpreted with
caution because the range of energy restriction was severe and obtained from ado-
lescent men during World War II or places/cities with economic depression or fam-
ine. It is unclear whether the findings from this meta-analysis can be generalized to
other racial and ethnic groups.

A 2002 meta-analysis of epidemiologic studies reported that among prospective
cohort studies (n = 4), the summary RR for the association between higher energy
intake and total prostate cancer was 1.0 (95% CI = 0.8-1.2) [21]. None of the
included prospective studies reported a significant association of high-energy intake
with risk of prostate cancer independent of other factors. Three of these studies
[45—47] included European white men, while Severson et al. [48] was conducted
among Hawaiian men with Japanese ancestry.

A 2004 meta-analysis focused mainly on the relationship between total or satu-
rated fat intake and prostate cancer [49], and consisting of four prospective studies
[46—48, 50] (case-control studies will be discussed the section below), reported no
association for total fat intake (summary RR = 1.00, 95% CI = 0.86—1.16). Two of
the four studies were conducted among white European [46, 47], while the other
two were conducted in the US, but one of studies had approximately 95% of White
men [50] and the second study had mainly men with Japanese ancestry [48]. Similar
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findings were reported with saturated fat (summary RR = 1.00; 95% CI = 0.87-
1.16); this analysis included an additional cohort study of Belgian men [51].

Subsequent cohort studies have also investigated total and saturated fat intake
and prostate cancer risk. The Multiethnic Cohort Study found no significant asso-
ciations with overall prostate cancer risk or risk of non-localized or high-grade pros-
tate cancer [52]. The Multiethnic Cohort Study (n = 82,483) is composed of White
(25.6%), African-American (13.0%), Native Hawaiian (7.1%), Japanese American
(30.4%), and Latino (24.0%) men. Similar associations remained even after stratify-
ing by race and ethnicity (Py,q > 0.05). Neuhouser et al. [53], in a prospective study
with 11 years of follow-up and a total population of 12,000 participants (White
92%, Black 3.7%, Hispanics 1.6%), reported that total and saturated fat were not
associated with total, non-aggressive, or aggressive prostate cancer. Race was not
associated with any fat measures in relation to prostate cancer risk. A prospective
study of 10,564 men conducted in Sweden reported no association between fat
intake and risk of total or advanced prostate cancer [54]. A European prospective
study of 142,520 men found no association between total fat intake (% of total
energy) or saturated fat (% of total energy) intake with localized, high-grade, or
advanced prostate cancer [55]. In a cohort analysis in the Prostate Cancer Prevention
Trial [56], in general, energy, total fat, and saturated fat were not statistically signifi-
cantly associated with risk of either high- or low-grade cancer in both the percent
energy models and the total energy models. The study population was mainly com-
posed of White men (93.2%), followed by African-American (4.4%), Asian/Pacific
Islander (0.3%), and Hispanic (1.9%) men. In the US National Institutes of Health
(NIH)-AARP Diet and Health Study, which included 288,268 men with an average
follow-up of 9 years [57] saturated fat intake was associated with an increased risk
of advanced prostate cancer. More than 90% of this cohort was white; the cohort
included <3% each non-Hispanic black, Hispanic and other race/ethnicity men.

One of the latest and most comprehensive dose-response meta-analyses, which
included 13 prospective studies, investigated the relationship between total fat
intake (28.35 g increment/day; RR =0.99, 95% CI = 0.98-1.01, n = 13 studies) and
saturated fat intake (RR = 1.00, 95% CI = 1.00-1.00, n = 9 studies) and risk for
prostate cancer reported no significant associations [58]. Similar findings were
reported for total fat intake (RR = 1.02, 95% CI = 0.96-1.08; n = 5 studies) and
saturated fat (RR = 0.96, 95% CI: 0.84—1.11; n = 6) and advanced stage of prostate
cancer. The main conclusion from this meta-analysis of prospective studies was that
there is little evidence from published cohort studies to support the statement that
total fat or saturated fat increases the risk for prostate cancer or advanced stage
disease. The majority of the included studies were conducted in American or
European countries. American studies adjusted for race and others for race and eth-
nicity [52, 53, 56, 57, 59]. With the exception of Park et al. [52] conducted in the
Multiethnic Cohort Study the studies included too few men from diverse racial and
ethnic groups to conduct independent analyses.
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Case-Control Studies: Race and Ethnicity

One of the first systematic reviews and meta-analyses on energy intake and prostate
cancer, which used 14 case-control studies (population- and hospital-based) [21],
reported the odds of prostate cancer was 30% higher (odds ratio [OR ]gmmary = 1.3,
95% CI = 1.1-1.4) in the top compared with the bottom quintile of energy intake.
However, the findings from the included studies had significant heterogeneity,
therefore, results should be interpreted with caution. Four case-control studies from
this meta-analysis evaluated advanced disease, and suggested a higher risk with
higher energy intake (ORymmary = 1.6, 95% CI = 1.2-2.0). Four of these case-control
studies were conducted in European countries (Sweden, England, Spain, Serbia)
[60-63], nine in North or South American countries [64—72] (two in USA, one
Uruguay, six Canada), and one in Japan [73]. Eight studies showed direct associa-
tions, specifically two of the European (Vlajinac et al. [63] in Serbia and Andersson
et al. [60] in Sweden) and six of the North or South American (three in Canada [64,
69, 70], one Uruguay [65], two in USA [68, 72]) studies. While these studies were
conducted in several different countries on four continents, these studies do not shed
light on whether the association of energy intake and prostate cancer differs by race/
ethnicity.

Dennis et al. [49] investigated a source of energy intake—total fat and saturated
fat—with prostate cancer in eight population-based case-control studies.
Associations for intake of total fat (ORymmary = 1.20, 95% CI = 1.11-1.30) and satu-
rated fat (ORymmay = 1.19, 95% CI = 0.87-1.16) were statistically significant.
However, the heterogeneity in findings among the studies was large making it dif-
ficult to provide a definitive conclusion. Five of these population-based case-control
studies were conducted in American countries (US [72, 74, 75] and Canada [67,
70]), two in Europe (England [61] and Sweden [76]) and one in Asia (China [77]).
One study conducted in the US specifically investigated associations of total fat and
saturated fat intakes with prostate cancer among different racial and ethnic groups:
Whittemore et al. [76] reported that saturated fat intake was more strongly posi-
tively associated with prostate cancer among Asian-Americans than among blacks
and whites. While not directly informing whether this association is similar among
racial/ethnic groups, a case-control study among Japanese, Caucasian, Hawaiian,
Filipino, and Chinese men reported a positive association between fat intake and
prostate cancer in older men (highest vs lowest quartile: OR = 1.7, 95% CI = 1.0-
2.8) after adjusting for race/ethnicity [77].

Other Study Designs: Race and Ethnicity

In a population based study of 2212 black (~50%) and white men with prostate
cancer called the North Carolina-Louisiana Prostate Cancer Project (PCaP), Arab
et al. [78] investigated the association between adherence with lifestyle recommen-
dations (low fat, physical activity, etc.) from the World Cancer Research Fund
(WCRF) and the odds of high aggressive (versus low/intermediate aggressive)
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prostate cancer in both white and black men. In men from both racial groups, lower
total energy intake (<125 kcal/100 g per day) was possibly associated with a lower
risk of aggressive prostate cancer.

Also in the PCaP, Allott et al. [79] investigated the association of total fat and
saturated fat intakes with aggressive prostate cancer. The associations of high total
fat intake and high saturated fat intake with high aggressive prostate cancer were
stronger in white (OR = 1.84,95% CI=1.13-2.98, OR =1.96, 95% CI = 1.23-3.12,
respectively) than in black (OR = 1.19, 95% CI = 0.77-1.83, OR = 1.25, 95%
CI = 0.81-1.93, respectively) men.

Body Size and Weight Change and Prostate Cancer: By Race
and Ethnicity

Obesity and weight change are among the most valid and reliable health exposures
related to energy balance [23]. Emerging evidence supports a link between obesity
and weight change and an elevated incidence of advanced and fatal prostate cancer
[80-82]. Here, we will review whether these links differ by race and ethnicity.

The prevalence of obesity is higher in some racial/ethnic minority groups [83,
84]. Given the well-documented racial and ethnic differences in the morbidity and
mortality of prostate cancer (described above), it has been suggested that that racial/
ethnic differences in the prevalence of overweight and obesity may, in part, underlie
racial/ethnic disparities in the risk of cancer [85].

Discacciati et al. [82] conducted a dose-response, meta-analyses of prospective
studies that investigated the association of body mass index (BMI) with localized
(n =12 studies) and advanced prostate cancer (n = 13 studies). Focusing on the find-
ings for advanced prostate cancer, which is the most clinically relevant endpoint,
there was a linear direct relationship for BMI (RR = 1.09, 95% CI = 1.02-1.16 for
every 5 kg/m [2] increase, Py.,q = 0.001). Six studies were conducted in the US,
three in Sweden, one in The Netherlands, one in Australia, one in Japan, and one in
several European countries (the multi-center EPIC study: Italy, Spain, United
Kingdom, Netherlands, Greece, Germany, Sweden and Denmark). Only two (in
Australia [86] and in the US [87]) out of these 13 studies reported independent,
positive significant associations (RR = 1.51, 95% CI = 1.14-2.01 and RR = 1.19,
95% CI = 1.03-1.38, respectively). The US [87] study consisted of mainly of white
men (>95%).

A 2016 dose-response meta-analyses of observational studies (case-control and
cohort) addressed weight gain and prostate cancer [81]. Focusing on the findings for
high-risk (at least one of the following criteria at diagnosis: T3/T4, N1 or MI;
Gleason score 8—10; or serum PSA > 20 ng/mL; n = 5 studies: 1 case-control, 4
cohort studies) and fatal prostate cancer (prostate cancer-specific death during fol-
low-up; n = 3: 1 case-control, 2 cohort studies) for clinical relevance, investigators
reported a positive association for adult weight gain with high risk prostate cancer
(per 5-kg increase: RR = 1.02, 95% CI = 1.00-1.04) and with fatal prostate cancer
(RR =1.12, 95% CI = 1.05-1.19). For the outcome of high-risk prostate cancer,
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studies were from Sweden (one case-control), Australia (one cohort [88]), and the
US (three cohort [89-91]). With the exception of the Australian [88] study
(RR =1.37,95% CI = 1.02-1.83), none reported a significant association for high-
risk prostate cancer when comparing the highest versus lowest categories of adult
weight gain. The studies that investigated fatal prostate cancer (n = 3) included stud-
ies from Sweden (one case-control [92]), Australian (one cohort [88]), and US (one
cohort [90]). The only study that observed a statistically significant association was
the Australian cohort study (RR = 1.84; 95% CI = 1.09-3.09) [88]. Of the studies
included in the meta-analysis [81], only one evaluated this association within racial/
ethnic groups. In the Multiethnic Cohort study (n = 82,483), which is composed of
white (25.6%), African-American (13.0%), Native Hawaiian (7.1%), Japanese
American (30.4%), and Latino (24.0%) participants, Hernandez et al. [91] com-
pared a weight gain of 40 1b to <10 Ib and reported that the trends for the risk of
advanced prostate cancer were not statistically significant in any racial and ethnic
group (white, Pye,q = 0.43; African-American, Py, = 0.54; Japanese, P.,q = 0.29;
Latino, Py, = 0.96). Similar results were found for high-grade prostate cancer,
except possibly for a positive association among Latino men (RR = 1.53, 95%
CI = 0.97-2.36, Pyeng = 0.02). The other two studies conducted in the US [90, 93],
adjusted for race but did not separately report on race-specific associations.

Biological Mechanism: Testosterone: Race and Ethnicity

Three mechanisms have been consistently suggested to underlie, in part, the asso-
ciation between energy balance and prostate cancer, insulin-like growth factor (IGF)
[93], inflammation [28], and sex steroid hormones [27, 29, 94, 95]. In other
instances, studies have expanded by investigating the interplay among these three
mechanisms [28, 93, 96, 97]. However, to provide a more concise message in this
chapter on the impact of race/ethnicity on the association between energy balance
and prostate cancer, we will focus on one mediating mechanism, testosterone. To
provide insight about these links, first we briefly review the historical and controver-
sial relationship between endogenous and exogenous testosterone and prostate can-
cer. Then, we describe the well-known bidirectional relationship between
endogenous and exogenous testosterone and obesity, and the influence of replace-
ment testosterone in hypogonadism on adiposity. Understanding the testosterone-
adiposity relationship is important to interpreting the emerging evidence supporting
a link between obesity and an elevated incidence of advanced and fatal prostate
cancer [80-82]. Finally, we review the evidence of racial variation in testosterone
levels.

Endogenous and Exogenous Testosterone and Prostate Cancer

Circa 1941, Charles Huggins asserted that testosterone plays a role in the risk of
prostate cancer [98]. Later, other studies suggested a positive association between
testosterone and prostate cancer and that the role of androgens in prostate cancer is
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notable since estimates indicated that 80-90% of prostate cancers is dependent on
circulating androgens for growth [94, 95, 99]. Furthermore, androgen deprivation,
directly or through administration of luteinizing hormone-releasing hormone ago-
nists, is a highly successful mainstay of anti-prostate cancer therapy [100]. However,
modern evidence does not seem to support the contention that higher circulating
levels of testosterone or the use of testosterone replacement therapy for hypogonad-
ism increases the risk of prostate cancer [101-110]. Despite this wealth of evidence,
very little research has been conducted on whether race and ethnicity influence the
association of circulating testosterone or use of testosterone therapy and risk of
prostate cancer.

Bidirectional Relationship Between Low Levels of Testosterone and Obesity
The inverse relationship between low levels of testosterone and body fatness (mea-
sured by BMI > 30 kg/m [2], waist circumference >102 cm, percent body fat >25%,
or increased adipose tissue), has been shown to be consistent in cross-sectional
studies [111-113], prospective cohort studies [114—116], and two systematic
reviews and meta-analyses (MacDonald et al. [117]: 19 observational studies,
n = 15,060 participants; Brand et al. [118]: 20 observational studies, n = 8094 par-
ticipants). Interestingly, this relationship has been shown to be bidirectional; that is,
low levels of testosterone increase the risk of body fatness, and body fatness
increases the risk of low levels of testosterone [119-122].

Treatment of Low Levels of Testosterone with Testosterone Therapy and Its
Beneficial Effects on Measures of Adiposity and Lean Mass

In response to the prevalence of low testosterone resulting from the aging of the
male population and of the obesity epidemic, the treatment of low testosterone with
testosterone therapy has increased dramatically in the last decade from 0.81% in
2001 to 2.9% in 2011 [123, 124].

Traish [125] reported in a narrative review that testosterone therapy increased
lean body mass and reduced fat mass in all 28 intervention studies spanning treat-
ment periods of 3-36 months. In the same article, 20 intervention studies reported
reduced waist circumference over a similar range of treatment periods, and out of
these 20 intervention studies, 10 reported reduced BMI and greater weight loss; the
remaining studies did not report on these outcomes. In 2015, Neto et al. [126] con-
ducted a systematic review and meta-analysis of eight randomized placebo-controlled
trials of testosterone replacement in men over 60 years old with serum testosterone
<550 ng/mL and reported a significant increase in lean mass and decrease in fat
mass.

A comprehensive meta-analyses of 32 observational studies (i.e., studies other
than randomized controlled trials) of a total of 4513 patients by Corona et al. [127]
reported testosterone therapy was associated with weight loss, reduced BMI,
increased lean mass, and reduced fat mass. Compared with published randomized
controlled trials of testosterone therapy and change in body composition, per these
authors, participants in the observational studies [121, 128—132] were younger and
had lower testosterone levels [121, 130, 132, 133].
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Variation in Testosterone Levels by Race and Ethnicity

In a population-based cross-sectional study in the third National Health and
Nutrition and Examination Survey (NHANES III), Rohrmann et al. found that total
testosterone concentration was highest in Mexican-American (MA) compared with
non-Hispanic black (NHB) and white (NHW) men, and total estradiol and sex hor-
mone binding globulin (SHBG) concentrations were highest in NHB compared
with NHW and MA men [134]. Subsequently, Lopez et al. [135] extended the anal-
ysis in a nationally-representative sample to US adolescent males (12—19 years old),
which is the time of prostate maturation. This latter study reported that adolescent
Mexican-Americans had higher total and free testosterone than NHB, but Mexican-
Americans had the lowest total and free estradiol and SHBG than NHW and NHB
adolescents. Other studies have also found similar testosterone concentrations
between young NHW and NHB men. However, previous studies have reported dif-
ferences in circulating testosterone concentration between black and white men
[136—139]. A meta-analysis reported that black men had modestly higher free tes-
tosterone (2.5-4.9% higher) than white men, but black and white men did not differ
on total testosterone [140].

Another cross-sectional study looking at trends in the NHANES 1988-1991 and
1999-2004 reported no decline in testosterone levels among NHW, NHB and MA
men after taking into account body fatness [141]. However, the Massachusetts Male
Aging Study reported that testosterone declined among men followed from 1987—
1989 to 2002-2004, even after adjustment for BMI and other factors, yet no racial/
ethnic specific results were provided [142].

Summary and Future Directions

While the association of energy imbalance and its correlated lifestyle factors with
prostate cancer, especially aggressive disease, shows growing consistency whether
these same associations are similar or different among racial and ethnic groups
remains understudied. The majority of studies on energy balance and prostate can-
cer have been conducted in non-Hispanic white men, including from North America,
Europe, and Australia. Very few studies on this topic have been conducted among
minority populations, and of those studies that included minority populations, the
sample sizes were so small that meaningful conclusions could not be derived. Some
studies adjusted for race/ethnicity, but findings from these analyses do not inform
whether the association between energy imbalance and prostate differs by race/
ethnicity.

With the growing attention to tailoring interventions to subpopulations, research
documenting similarities and differences among racial/ethnic groups and among
even more understudied populations not discussed here in risk factors for cancer,
including prostate cancer, is needed [143]. Standard definitions of race, ethnicity,
and more generally ancestry, must be developed for such research in population-
based studies, to make the comparison among study findings more valid and reli-
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able. Future studies must be adequately powered to investigate the association
between energy balance and prostate cancer, especially lethal disease within popu-
lation subgroups to provide a definitive conclusion. More work is also needed to
understand the biological pathways that may underlie any racial/ethnic differences
in the association between energy balance and prostate cancer: testosterone remains
a possible explanatory mechanism.
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Chapter 3
Consequence of Energy Imbalance in Prostate
Cancer and Comorbidities

Jeannette M. Schenk and Jonathan L. Wright

Abstract Obesity and prostate cancer are two of the most common conditions in
older men and there is strong evidence that obesity influences the risk, aggressive-
ness and outcomes of men with prostate cancer. In addition, several comorbidities
are observed with obesity, including diabetes mellitus, hypertension, hypercholes-
terolemia and cardiovascular disease. Separate study of these diagnoses has also
identified associations with prostate cancer risk and outcomes. Whether the under-
lying obesity, the comorbid conditions, or both are responsible for the observed
interactions with prostate cancer is not fully understood. Further, pharmacologic
treatment of these comorbidities may influence prostate cancer, either by reducing
the direct effect of the comorbidity, or independently through additional pharmaco-
logic mechanisms. In this chapter, we review the relationship between common
obesity related comorbidities and prostate cancer risk, progression and mortality.
We also describe, when available, data on the medications used to treat these comor-
bidities and the influence these therapies may have on prostate cancer.
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General Overview of Obesity and Prostate CancerRisk/
Incidence, Progression, Mortality

Obesity prevalence in the U.S. has risen dramatically over the past 20 years.
Presently, more than one-third of adults are obese (body mass index (BMI) >30 kg/
m?) and among older men, approximately 40% are obese [1]. Obesity is linked with
an increase in cancer-specific mortality and an estimated 14% of cancer deaths in
U.S. men are due to obesity [2]. The associations of obesity with prostate cancer
risk are complex. Pooled/meta-analyses from prospective studies report no overall
association of obesity with total PCa risk [3—7]; however, there is growing evidence
that associations of obesity with PCa differ for aggressive and nonaggressive PCa.
Numerous studies report that obesity is associated with a decreased risk of non-
aggressive (low-grade and/or local stage) disease and an increased risk of aggres-
sive (high-grade and/or advanced stage) disease [3-5, 7]. Furthermore, there is
strong and consistent evidence for a positive association between obesity and PCa
progression and PCa-specific mortality (PCSM) [1, 2, 8-21]. As shown in Table 3.1,
obesity is associated with a 20—160% elevation in PCa-specific mortality. Pooled/
meta analyses report that for every five-point increase in BMI, there is a correspond-
ing 20% increase in PCSM (95% CI 0.99—1.46) and conclude that “cumulative data
is compelling for a strong positive association between obesity and fatal prostate
cancer” [23]. A 2011 Institute of Medicine Workshop on Obesity and Cancer Report
noted: “evidence is building that obesity and weight gain are risk factors for poor
outcome in prostate cancer” [24].

The mechanisms underlying the obesity-PCa progression relationship are
unknown. However, a number of metabolic changes that occur in obese men may be
responsible, including (1) impaired glucose regulation and insulin resistance; (2)
altered adipokines (e.g., leptin and adiponectin); (3) sex hormones; and (4) chronic
inflammation, among other potential etiologies. It is well recognized that several
morbidities are associated with obesity, such that obesity is one of the leading
causes of preventable disease and disability in the United States. Obese patients are
at higher risk of having diabetes mellitus, hypertension, hypercholesterolemia and
cardiovascular disease (Fig. 3.1) [25].

Table 3.1 Studies of obesity and PCa-specific mortality

No. Hazard ratios (95% Confidence intervals)

Study, year patients | BMI <25 BMI 26-29 BMI > 30 P trend
Andersson (1997) [21] | 2368 1.00 (ref) 1.3 (1.0-1.7* | 1.4 (1.1-1.8)* | 0.04
Calle (2003) [1] 3314 1.00 (ref) 1.1 (1.0-1.2) | 1.2(1.1-1.4) <0.001
Wright (2007) [2] 9.986 1.00 (ref) 1.3(0.9-1.8) |1.5(0.9-2.3) 0.02
Efstathiou (2007) [13] 945 1.00 (ref) 1.5(1.0-2.3) | 1.6(1.0-2.7) -
Gong (2007) [8] 752 1.00 (ref) 1.1 (0.6-2.3) 2.6(1.2-5.9) 0.03
Ma (2008) [22] 2456 1.00 (ref) 1.3 (1.0-1.6) |2.0(1.2-3.2) <0.001

IBMI (kg/m?) quartiles used
°p Trend not provided
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Fig. 3.1 Comorbid conditions by obesity level, US 2007-2010 (Plotted from data in Saydah et al. [25])

Obesity is also associated with several other cardiovascular comorbid conditions
in addition to hypertension, including coronary artery disease, heart failure, and
arrhythmias. Interestingly, these diagnoses have also been associated with prostate
cancer risk and outcomes. Whether it is obesity driving the relationship with pros-
tate cancer, or if there is a separate effect of the comorbid condition is not fully
understood, but there has been a great deal of research on the potential mechanisms
underlying the links between the comorbidities and prostate cancer. Further, phar-
macologic treatment of these conditions may impact the effects of the comorbidities
on prostate cancer, either through reduction in the direct effect of the comorbidity,
or separately through additional pharmacologic mechanisms.

In this chapter, we review the relationship between common obesity related
comorbidities and prostate cancer. We review the literature, where available, for the
association between these comorbidities and prostate cancer risk, progression and
mortality. If applicable, we also describe the data on medications used to treat these
comorbidities and the influence these medications may have on prostate cancer.

Metabolic Syndrome and Prostate Cancer Risk

Metabolic syndrome (MetS) is as a cluster of several metabolic abnormalities asso-
ciated with increased risk of cardiovascular disease and diabetes. Components
include hypertension, glucose intolerance, obesity, hypertriglyceridemia, and low
high density lipoprotein cholesterol, with insulin resistance as the underlying hall-
mark feature (Table 3.2) [29].

The prevalence of MetS among US adults in the 2000-2003 National Health and
Nutrition Examination Survey was 34% overall [30]. However, among older men
the prevalence was much higher, with 41% of men age 40-59 years and 52% of men
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Table 3.2 Definitions of metabolic syndrome
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NCEP ATP 111
(2005) [26] WHO (1998) [27] IDF (2005) [28]
Criteria requirements | Any three of the Insulin resistance or Central obesity PLUS

five criteria below

diabetes PLUS two of
the five criteria below

two of the four criteria
below

Obesity

Waist
circumference:
>40 inches (M),
>35 inches (F)

Waist/hip ratio: >0.90
(M), >0.85 (F); or
BMI > 30 kg/m?

Central obesity (Waist
circumference: >94 cm
(M), >80 cm (F))

Insulin resistance/
Hyperglycemia

Fasting glucose
>100 mg/dl or Rx

IGT, IFG, T2DM or
other evidence of IR

Fasting glucose
>100 mg/dl

Dyslipidemia

TG > 150 mg/dl
or Rx

Dyslipidemia (second,

HDL-C: <40 mg/

TG > 150 mg/dl or
HDL-C: <35 mg/dl
(M), <39 mg/dl (F)

TG > 150 mg/dl or Rx

HDL-C: <40 mg/dl (M),

separate criteria) dl (M), <50 mg/dl <50 mg/dl (F); or Rx

(F); or Rx

Hypertension >130 mm Hg >140/90 mm Hg >130 mm Hg systolic or
systolic or >85 mm Hg diastolic or
>85 mm Hg Rx
diastolic or Rx

Other criteria Microalbuminuria

Rx Pharmacologic treatment, NCEP National Cholesterol Education Program Adult Treatment
Panel, IDF International Diabetes Federation

Impaired Fasting Glucose (IFG) defined as a fasting glucose level above a predetermined cutoff,
commonly 100 milligrams per deciliter (mg/dl) or impaired glucose tolerance (IGT, defined as a
glucose level above a predetermined cutoff, commonly 140 mg/dl, for 120 min after ingestion of
75 g of glucose load during an oral glucose tolerance test or other evidence of insulin resistance,
such as an elevated homeostatic model assessment of insulin resistance (HOMA-IR) value

age 60 or older meeting the criteria for metabolic syndrome [30]. Over the past
decade, a growing body of literature suggests that the metabolic syndrome may be
involved in the pathogenesis and progression of prostate cancer.

Data on the association between metabolic syndrome and prostate cancer risk are
conflicting. Several studies have reported significant positive associations between
metabolic syndrome and prostate cancer risk. Two studies from northern Europe
that found an increased risk for men with three metabolic syndrome components
(RR =1.56,95% CI, 1.21-2.00) [31] and OR = 3.36, 95% CI 1.19-9.44) [32], and
one study from Finland that reported an increased risk (RR = 1.94, 95% CI 1.06—
3.53) among non-diabetic men with metabolic syndrome [33]. Three additional
case-control studies reported an increased risk of prostate cancer among men with
metabolic syndrome [34-36], two of which reported positive associations among
African Americans (OR = 1.76, 95% CI = 1.1-2.88 [35] and OR = 1.71, 95% CI
0.97-3.01 [36]). In contrast, a number of studies reported an inverse relationship
between metabolic syndrome and prostate cancer risk. In two large cohorts, men
with three or more metabolic syndrome components had a significantly lower risk
of total prostate cancer than men with less than three components (RR = 0.77, 95%
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CI 0.60-0.98 [37] and OR = 0.69, 95% CI 0.58-0.82) [38]. In the REDUCE trial,
men with one metabolic syndrome component had a lower risk of overall prostate
cancer (OR = 0.87, 95% CI 0.76-0.99), although two or three to four components
were not significantly related to prostate cancer risk [39]. In a large Swedish cohort,
a composite score of five metabolic syndrome factors was associated with a 7%
lower risk of overall prostate cancer (RR =0.93, 95% CI = 0.89-0.97) [40]. In addi-
tion, several cohort studies have reported no significant associations between meta-
bolic syndrome and overall prostate cancer risk [41-46]. It is likely that the
inconsistencies in these associations may be due, at least in part, to differences in
the populations studied, definitions of metabolic syndrome or methodologies used.

Three meta-analyses have also evaluated the association of metabolic syndrome
with risk of prostate cancer; one of which reported a significant increased risk of over-
all prostate cancer (RR = 1.54, 95% CI 1.23-1.94) [3] and two reported no overall
association [47, 48]. One meta-analysis also evaluated associations of metabolic syn-
drome with prostate cancer risk among by region, and reported that metabolic syn-
drome was associated with a reduced risk of total prostate cancer among studies
conducted in U.S. (primarily white) populations (RR =0.79, 95% CI: 0.69-0.91) [47].

Few prospective studies have examined the association of metabolic syndrome
and prostate cancer severity defined by grade, stage, and/or aggressiveness. In a
large Canadian cohort, metabolic syndrome was associated with a reduced risk of
low-grade (RR =0.69, 95% CI 0.52-0.82) and high-grade (RR =0.75, 95% CI 0.60—
0.94) prostate cancer [38]. Similar associations of metabolic syndrome and a reduced
risk of low- and high-grade prostate cancer were reported in the REDUCE trial [39].
However, one case-control study among African Americans in the US reported a
significant increased risk of organ confined prostate cancer among men with meta-
bolic syndrome, compared to men without (OR = 1.82 95% CI 1.02-3.23), and no
association with advanced prostate cancer [35]. Similarly, a case-control study from
Italy reported metabolic syndrome was associated with a significant increased risk
of low-grade (Gleason <7; OR = 1.48, 95% CI 1.48-3.17) and high-grade (Gleason
>7; OR = 1.80, 95% CI 1.17-2.78) prostate cancer [34]. In addition, several cross-
sectional studies of men undergoing biopsy or treatment of prostate cancer (radical
prostatectomy) have reported positive associations for metabolic syndrome with the
presence of higher grade/stage or more aggressive prostate cancer [49-55].

Lastly, four studies have also examined the association of metabolic syndrome
with prostate cancer specific mortality, of which one reported an increased risk
(RR =1.86,95% CI 1.59-2.19) [46], one reported a decreased risk (RR =1.14,95%
CI =1.01-1.28), and two reported no association [45, 56].

Diabetes Mellitus and Prostate Cancer Risk

Diabetes mellitus commonly co-exists with obesity, and there is a large body of
epidemiologic evidence providing strong support for the notion that diabetes
mellitus is associated with a decreased risk for prostate cancer. To date, three
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meta-analyses have reported a statistically significant inverse association of dia-
betes mellitus with risk of total prostate cancer [57-59]. The most recent of these
analyses, which reviewed 45 studies (29 cohort and 16 case-control) of more
than 132,000 total prostate cancer cases, reported a 15% lower risk of overall
prostate cancer (95% CI 0.82-0.89) for type-2 diabetes mellitus compared to
non-diabetics [57]. Although many studies did not indicate the type of diabetes
mellitus, given that type-2 is far more common than type-1, the associations
between diabetes mellitus and prostate cancer risk are generally interpreted in
terms of type-2 [60].

The inverse association is fairly consistent across various ethnic groups within
the US [61, 62]; although evidence is limited to two studies with sufficient numbers
of minority participants. Data from populations outside of the US are less consistent
with some studies reporting no association [63, 64] or positive associations [65, 66]
between diabetes mellitus and prostate cancer. In addition, one meta-analysis
reported the opposite association of diabetes mellitus with prostate cancer risk
between western studies (RR = 0.81; 95% CI 0.76-0.85) and Asian studies
(RR =1.64; 95% CI 1.00-2.88) (p-interaction = 0.01) [57].

Many studies have also examined the association of diabetes mellitus and pros-
tate cancer severity defined by grade, stage, and/or aggressiveness. Among studies
reporting inverse associations between diabetes mellitus and total prostate cancer
risk, most reported similar associations by prostate cancer grade, stage or aggres-
siveness [61, 62, 67-71]. One recent meta-analysis reported the risk of low-grade
(RR =0.74; 95% CI 0.64-0.86) and localized disease (RR = 0.72; 95% CI 0.67-
0.76) was modestly stronger than for high grade (RR =0.78; 95% CI 0.67-0.90) and
advanced disease (RR = 0.85; 95% CI 0.75-0.97) [72]. In contrast, a small number
of studies found no differences in associations between diabetes mellitus and pros-
tate cancer aggressiveness. At least three large studies reported significant inverse
associations for low-grade, localized or less-aggressive disease only [67, 73-75].
One study reported an increased risk for diabetes mellitus with early-stage disease
(stage A), but inverse association for higher stage (stages B-D) disease [76], and
one study reported a positive association between diabetes mellitus and risk of
advanced prostate cancer [65]. Given the relatively small proportion of advanced
tumors in many of the studies with screen-detected cases, additional epidemiologic
studies are needed to more fully explore the association of diabetes mellitus with
more advanced prostate cancer.

In contrast to the relatively consistent inverse associations reported between
diabetes mellitus and risk of total and low-risk prostate cancer, multiple studies
have reported that diabetes mellitus is associated with an increased risk of both
all-cause and prostate cancer-specific mortality in men with prostate cancer. A
recent meta-analysis of these data concluded that diabetes mellitus was associated
with a 29% increase in risk of prostate cancer-specific mortality (RR = 1.29; 95%
CI 1.22-1.38) and a 37% (RR = 1.37, 95% CI 1.29-1.45) increase in all-cause
mortality [77]. Although individual findings are consistent across the majority of
studies, many did not account for potentially important confounders such as pros-
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tate cancer characteristics (grade and stage), prostate specific antigen (PSA), pros-
tate cancer treatment(s) or the possible impact of competing risks from other
diabetes mellitus-related co-morbidities on the association of diabetes mellitus
with prostate cancer-specific mortality. Few studies have evaluated the association
of diabetes mellitus prostate cancer mortality among men without prostate cancer
at baseline. In a study of almost 18,000 men in London, UK, with 40 years of fol-
low-up, neither impaired glucose tolerance nor diabetes mellitus were associated
with prostate cancer-specific mortality [78]. In a study of approximately 2000 male
American Indians, diabetes mellitus was associated with an increased risk of pros-
tate cancer mortality; however, among men without diabetes mellitus, a higher
level of insulin resistance (measured by homeostasis model assessment to quantify
insulin resistance (HOMA-IR)) was associated with a lower risk of prostate-cancer
specific mortality [79].

Timing of Diabetes Mellitus and Prostate Cancer Risk

There is growing evidence to suggest that the association of diabetes mellitus with
prostate cancer risk may differ by duration of diabetes mellitus. The early stage of
type 2 diabetes mellitus is characterized by hyperinsulinemia, which is accompa-
nied by increased levels of circulating insulin like growth factor 1 (IGF-1) and tes-
tosterone, and decreased levels of insulin-like growth factor binding protein 3
(IGF-BP3) and serum hormone binding globulin (SHBG) [80]. In contrast, as dia-
betes mellitus progresses, insulin levels decline and IGF-1 and testosterone levels
decrease, and IGF-BP3 and SHBG levels increase [81, 82]. Numerous studies have
reported data on duration of diabetes mellitus and risk of prostate cancer, the major-
ity of which report stronger inverse associations of diabetes mellitus and prostate
cancer risk with an increasing number of years elapsed since diabetes mellitus diag-
nosis [68-71, 76, 80]. Others have reported no meaningful differences [74, 75, 83]
and two studies have reported positive associations of PCa risk with increasing
duration of diabetes mellitus [84, 85]. Many of the studies reporting stronger inverse
associations with increasing duration of diabetes mellitus have also reported a posi-
tive association between prostate cancer and recently diagnosed diabetes mellitus
[63, 68, 70, 86], which is likely attributable to increased surveillance and health care
utilization around the time of diabetes mellitus diagnosis. Larger studies have also
examined associations of diabetes mellitus duration and different prostate cancer
stage, grade or aggressiveness. All have reported similar associations between dia-
betes mellitus duration and prostate cancer severity [69, 71, 83]. Notably, few of the
studies evaluating diabetes mellitus duration and prostate cancer risk directly
assessed diabetes mellitus duration (as opposed to evaluating length of follow-up
during the study) [68, 71, 74-76, 87], although the findings of these studies do not
differ substantively from the overall literature.
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Diabetes Mellitus Treatment and Prostate Cancer Risk
and Outcomes

It is unknown whether the observed findings above between diabetes and prostate
cancer are due to the diabetes, or due to the pharmacologic treatment of diabetes
mellitus. Metformin is the most commonly used medication for diabetes mellitus
and a great deal of interest exists on its potential anti-cancer properties. Metformin
has several potential mechanisms that may influence cancer, including increased
AMP-activated protein kinase (AMPK) activation, decreased hepatic gluconeogen-
esis (with resultant decrease in hyperinsulinemia), and improved insulin sensitivity
[88, 89]. AMPK is activated in response to cellular stress [90] leading to a reduction
of mammalian target of rapamycin (mTOR) activation, protein synthesis and cellu-
lar proliferation [91, 92]. Hyperglycemia and hyperinsulinemia have been associ-
ated with multiple malignancies [93-99]. As metformin use results in lower serum
insulin levels [89, 93, 100, 101] the result may produce decreased downstream acti-
vation of these mitogenic pathways and potentially, a decrease in PCa growth
(Fig. 3.2 [92)).

X . Metformin
Circulating insulin levels

2

Metformin

Protein synthesis,
cell growth, proliferation

Indirect Direct

Fig. 3.2 Mechanism of action of metformin in cancer
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Several studies of metformin and prostate cancer risk have been performed with
some finding a reduction in prostate cancer risk [102-105] and others finding no
effect [40, 106—109]. Two meta-analyses [110, 111] found no evidence for an effect
of metformin on prostate cancer risk with similar odds ratios (OR 0.96, 95% CI
0.87-1.05; and OR 0.93, 95% CI 0.82—1.05, respectively). It should be noted that
the main indication for metformin is the treatment of diabetes mellitus, so compar-
ing metformin users to non-users may just be comparing diabetics to nondiabetics,
which makes interpreting results for use of any diabetes medication difficult.

There are stronger data for an effect of metformin on prostate cancer outcomes,
and several meta-analyses have been performed with evidence of metformin leading
to a reduction in the risk of biochemical recurrence after primary therapy and also a
reduction in both prostate cancer-specific and overall mortality [112—-116]. In the
meta analysis by Coyle et al., the reduction in risk of recurrence after primary treat-
ment was seen following radiation therapy (HR 0.45, 95% CI 0.29-0.70) but not
following radical prostatectomy (0.94, 0.77-1.15) [115].

Small clinical trials of metformin and prostate cancer outcomes have been com-
pleted and several studies are ongoing. One trial of 40 men starting ADT random-
ized men to either ADT alone or ADT in combination with metformin and a lifestyle
intervention (diet and exercise) [117]. After 6 months, men in the intervention arm
had significant improvements in weight, BMI, abdominal girth and blood pressure
[117]. Metformin is being studied in various stages of prostate cancer (pre-
prostatectomy, active surveillance, adjuvant for high risk localized disease,
biochemical recurrence, at time of salvage radiation, castrate resistant prostate can-
cer, advanced hormone sensitive) (https://www.clinicaltrials.gov/).

Use of other medications for diabetes mellitus has also been studied with regards
to prostate cancer. Several studies have investigated insulin and prostate cancer risk.
A meta-analysis of 11 non-randomized studies from 2007 to 2013 and found that
compared to use other glucose lowering agents, insulin was not associated with a
reduction in risk of prostate cancer [118]. Sulfonylurea, which is an insulin-
secretagogue, has also been studied with most showing no effect on prostate cancer
risk compared to patients with diabetes mellitus taking metformin [119, 120], non-
sulfonylurea therapy [121] or non-diabetes mellitus patients [122]. Recently, a study
from Sweden found that those subjects with >1 year of diabetes mellitus and taking
insulin/sulfonureas for >1 year had a reduction in the risk of prostate cancer com-
pared to those not taking diabetes medications (OR 0.73, 95% CI 0.55-0.98) [40].
However, a study from the Finnish Randomized Study of Screening for Prostate
Cancer found that use of sulphonylureas was associated with an increase in the risk
of metastatic prostate cancer compared to other oral medications for diabetes mel-
litus (HR 2.04, 95% CI 1.11-3.77) [123]. Further research is needed to define the
role of sulfonylurea and prostate cancer. Another class of diabetes medications,
thiazolidinediones, are PPAR gamma ligands which can have anti-cancer properties
and several preclinical studies have shown these agents to be active against prostate
cancer cells [124]. Interestingly, higher levels of Peroxisome proliferator-activated
receptor gamma (PPAR-y)receptors have been identified on prostate cancer cells as
opposed to benign prostate cells [125]. With prostate cancer, the data has suggested
an increased risk [126, 127] or no effect [128, 129].
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Hyperlipidemia and Prostate Cancer Risk

Hyperlipidemia is a well-established consequence of obesity, and there is grow-
ing evidence to suggest that men with hypercholesterolemia are at increased risk
of high-grade or advanced prostate cancer. Several large prospective studies from
various populations have reported that increasing cholesterol concentrations are
associated with a greater risk of high-grade [130-134] and aggressive [135-137]
prostate cancer. Two of these studies reported that the positive association
between cholesterol level and high-risk prostate cancer was limited to over-
weight/obese men [133, 134]; although other studies have not reported differ-
ences in associations by obesity status [130, 131]. In an attempt to evaluate
whether the use of cholesterol-lowering medications could explain associations
between cholesterol concentrations and high-risk prostate cancer, three studies
conducted analyses excluding men who reported use of these medications [130,
134, 136]. Associations were similar after excluding men who reported use of
these medications, although no longer statistically significant in one study [130].
Few prospective studies have evaluated the relationship of cholesterol concentra-
tion with prostate cancer mortality. The majority report no association [45, 138];
however, one reported a significant increased risk for increasing total cholesterol
concentrations [78].

The relationship between circulating cholesterol concentrations and total pros-
tate cancer, however, is less clear. Initial studies of the association of cholesterol
with risk of total prostate cancer, many of which were based on a small number of
prostate cancer cases, reported no association [78, 139-142] or an inverse associa-
tion [143, 144]. Since then, several prospective studies based on much larger sam-
ple sizes have confirmed findings from early studies [45, 130, 131, 133, 134,
145-148]; however, several recent studies have reported a significant increase in
risk of total prostate cancer with increasing total cholesterol concentrations [132,
135-137].

Few prospective studies have evaluated associations of other lipids, such as
high-density lipoprotein (HDL) and low-density lipoprotein (LDL), with risk of
prostate cancer. Studies evaluating the relationship between HDL concentrations
and risk of prostate cancer have been inconsistent. Some have reported a reduced
risk of total prostate cancer [135, 148], while other report no association [45,
145] or an increased risk of total [132], high-risk [132] or low-risk [136] prostate
cancer. Studies of the relationship between LDL concentrations and prostate
cancer risk are also conflicting, with some studies reporting no association [45,
145, 148], and others reporting increased risks for total [132] and high-grade
prostate cancer [132, 136]. The relationship of triglyceride concentrations with
risk of prostate cancer has only been evaluated by three studies, all of which
reported no association [45, 136, 147]. Only one study evaluated associations of
apolipoproteins with risk of prostate cancer, and found a slight inverse associa-
tion of apolipoprotein A-1 with risk of total cancer, but no association for apoli-
poprotein-B [148].
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Hyperlipidemia Treatment and Prostate Cancer Risk

Statins use for high cholesterol has risen to almost 30% of US adults [149]. The
potential mechanisms by which statins may reduce prostate cancer development and
progression are multiple and can be divided into cholesterol-mediated pathways
(e.g., reducing intra-tumor level of cholesterol precursor to androgens; altering cell
membrane signaling) or non-cholesterol-mediated pathways (e.g., pro-apoptosis;
lowering mevalonate levels and subsequent production of farnesyl and geranyl pyro-
phosphate which would block cellular proliferation and survival) (Fig. 3.3) [151].

Several studies have explored the relationship between statin use and primary
prevention of incident prostate cancer. A meta analysis published in 2012 of 27
studies found that use of statins reduced incident prostate cancer (RR 0.93, 95% CI
0.87-0.99) and had a greater effect on reducing the risk of advanced prostate cancer
(RR 0.80,95% C10.70-0.98) [152]. Studies published since this meta analysis have
been mixed with some showing a reduced risk of prostate cancer [153, 154] but
several showing no protective effect [106, 155-158].

Tertiary prevention of prostate cancer recurrence and studies of prostate cancer
specific mortality have also been performed. In a recent meta-analysis [159] of 22
studies of biochemical recurrence, use of statins was associated with a reduced risk
of prostate cancer recurrence (HR 0.88, 95% CI10.77-1.00). Interestingly, the effects
were limited to treatment with radiation (HR 0.67, 95% CI 0.48-0.86; 7 studies)
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Fig. 3.3 Mechanism of action of statins in prostate cancer (from [150])
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with no effect seen in those undergoing prostatectomy (HR 0.96, 95% CI 0.83—
1.09). Whether statins (1) act as a radiosensitizer, or (2) if statins influence the
effects of concomitant androgen deprivation therapy (ADT) use with radiation
(ADT was used in 6 of 7 radiation studies with the proportion of men in those stud-
ies receiving ADT along with their radiation therapy ranging from 26 to 67%), or
(3) if the statins association is due to unmeasured confounding is unknown. In a
separate meta-analysis of mortality from 13 studies, use of statins reduced both
overall (HR 0.56, 95% CI 0.38-0.83) and prostate cancer specific mortality (0.53,
95% CI 0.36-0.77) [160], with the effect observed for both pre and post-treatment
use of statins.

An interesting interaction has recently been identified in steroid transport, statins
and prostate cancer. The organic anion transporter, SLCO2B1, is involved in cellular
uptake of several substrates, including steroid hormones such as dehydroepiandros-
terone (DHEA) that prostate cancer cells can use as a precursor to dihydrotestoster-
one (DHT). Castrate resistant prostate cancer metastases have increased expression
of SLCO genes compared to primary prostate cancer and genetic variants of SLCO
transporters have been found to be associated with prostate cancer-specific mortal-
ity [161-163]. Statins are also a substrate for SLCO2B1 and act as a competitive
inhibitor to DHEA for transport into prostate cancer cells [164]. In a study of 926
men starting ADT for advanced disease, use of statins (31% of cohort) had a longer
time to progression compared to those not taking statins (adjusted HR 0.83, 95%
CI 0.69-0.99) [164]. However, in castrate resistant disease, a common medication
utilized is abiraterone, which is a CYP17A1 inhibitor that results in blocking all
androgen production including DHEA. In this scenario, if adrenal DHEA is act-
ing as an androgen source for prostate cancer cells in the setting of ADT, and abi-
raterone is blocking the production of DHEA, one would expect to not see a benefit
to statin use if SLCO2BI1 transport inhibition is the mechanism of statin effect on
prostate cancer. In a study of 108 men receiving abiraterone, there was no difference
in the percent experiencing >50% decline in PSA or in progression-free survival or
overall survival between those with (n = 21) or without (n = 87) statin use [165].
Further study is needed to confirm these findings.

Hypertension and Prostate Cancer

Epidemiologic studies have reported inconsistent findings regarding the association
of high blood pressure with risk of prostate cancer. The majority of studies have
reported no significant association with incident [31, 32, 37, 166—170] or fatal [169,
171] prostate cancer, although some studies have reported an increased risk of total
[32, 172, 173] or advanced prostate cancer [172], and at least one study reported an
inverse association for total and non-aggressive prostate cancer [174].



3 Consequence of Energy Imbalance in Prostate Cancer and Comorbidities 55
Treatment for Hypertension and Prostate Cancer

Several classes of drugs are commonly used individually or in combination as phar-
macological treatment for high blood pressure, including diuretics, beta-blockers
(BBs), calcium channel (CC) blockers, angiotensin-converting enzyme (ACE)
inhibitors, and angiotensin II-receptor (AR) blockers. Many of these medications
have been shown to either suppress prostate cancer cell growth and proliferation,
angiogenesis in vitro, and inhibit migration of PC-3 human prostate carcinoma
in vivo [175]. Thus, numerous studies have evaluated the association of antihyper-
tensive medication use with prostate cancer risk. For overall antihypertensive medi-
cation use, four large prospective studies found no evidence of an association with
risk of prostate cancer [166, 172, 173, 176]. However, in one large population-based
cohort, current use of any antihypertensive medication was associated with a slight
decreased risk of total (RR = 0.90, 95% CI 0.83-0.98) and organ-confined low-
grade prostate cancer (RR =0.89, 95% CI 0.81-0.99) [177].

Studies on individual classes of antihypertensive medications and prostate cancer
risk have also produced mixed results. Among studies evaluating the association of
ACE inhibitor use and prostate cancer incidence, most have found no association
[166, 167, 178-182], two found an inverse association [176, 177], although the
inverse association was limited to one individual ACE inhibitor (captopril) in one
study [176] and in the second one was no longer statistically significant after adjust-
ment for other antihypertensive use [177], and two study reported a significant posi-
tive association for total prostate cancer only [183, 184]. A recent meta-analysis of the
prospective studies found that use of ACE inhibitors or AR blockers was associated
with a significant decreased risk of overall prostate cancer (RR = 0.88, 95% CI 0.80—
0.97), [185] although two additional meta-analyses of data from clinical trials did not
find an association with risk of prostate cancer for ACE inhibitor use [186, 187]. For
calcium channel blockers, several large population-based cohort studies and a case-
control study have reported no association with risk of total [167, 177, 183, 184, 188,
189], low-grade [177] or aggressive/fatal prostate cancer [177, 190]. Only one study
reported a significant inverse association for CC blocker use with total prostate cancer
risk (OR = 0.55; 95% CI, 0.31-0.97) [191]. The majority of studies evaluating the
association of BB use and prostate cancer risk have also found no association [166,
167, 176, 177, 191]. However, in two observational studies, BB use was associated
with lower overall prostate cancer risk (OR = 0.80; 95% CI, 0.70-1.0) [183], and in
one was associated with a slight increased risk (OR = 1.16; 95% CI, 1.12—-1.21) [184].

Heart Disease and Prostate Cancer Risk

An additional comorbidity that occurs with, or as a result of obesity, is heart disease.
There are some data that a history of coronary artery disease (CAD) is associated
with an increased risk of prostate cancer. In a secondary analysis of the REDUCE
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trial (a randomized controlled trial of dutasteride versus placebo for reducing the
risk of prostate cancer in men with a prior negative biopsy), 9% of men had a history
of CAD and this was associated with a 35% increased risk of prostate cancer in the
multivariate model [192]. Men with CAD also were more likely to be obese, have
diabetes mellitus, hypertension and hypercholesterolemia.

Treatment of Heart Disease and Prostate Cancer Risk

The cardiac glycosides (e.g., digoxin) are used in the treatment of congestive heart
failure and cardiac arrhythmias. Cardiac glycosides also have been found to alter
serum androgen levels [193, 194], inhibiting tumor growth and development, [195]
and have inhibitory effects on prostate cancer cell lines [196—-199]. In a study that
screened a medication library for growth inhibition in prostate cancer cell lines,
cardiac glycosides were among the most potent [199]. Although an analysis of the
Health Professionals Follow-up Study found a significant reduction in the risk of
prostate cancer for digoxin users (HR 0.76, 95% CI 0.60-0.95) [199], other studies
have not shown a statistically significant reduction in prostate cancer risk [200,
201]. With regards to prostate cancer-specific mortality, the literature does not sup-
port a protective role for digoxin, with two of the studies showing non-significant
increases in prostate cancer-specific mortality among users [202, 203]. Sotalol, a
BB and potassium-channel inhibitor used for arrhythmias has commonly been stud-
ied along with glycosides, with one study finding a reduction in the risk of advanced
prostate cancer associated with sotalol use [204].

Individuals with heart disease are often recommended to take aspirin daily to
prevent to reduce the risk of vascular events (heart attack, stroke) [205]. There are
several studies on aspirin use and cancer risk and mortality, with the strongest data
present for colorectal cancer risk. The anti-cancer mechanisms for aspirin are
hypothesized to include induction of apoptosis, reduced prostaglandin production
with effects on angiogenesis, proliferation and host immunity [206, 207]. A meta
analysis of the effects of aspirin on prostate cancer risk and mortality was published
in 2014 [208]. Overall, use of aspirin was associated with a reduction in the inci-
dence of total prostate cancer (OR 0.92, 95% CI 0.87-0.97) and advanced prostate
cancer (OR 0.81, 95% CI 0.73-0.89). In a recent study with TMPRSS2:ERG fusion
status available, aspirin users had a 37% reduction in the risk of TMPRSS2:ERG
fusion positive tumors (95% CI 0.43-0.93) with dose effect present, whereas no
association was seen with TMPRSS2:ERG fusion negative tumors and aspirin use
(OR 0.99, 0.69-1.42) [209]. TMPRSS2:ERG fusion is the most common gene
rearrangement in prostate cancer, present in approximately 50% of cases. As aspirin
reduces the level of reactive oxygen species in a cell (which can create dsDNA
breaks), use of aspirin may protect against DNA strand breaks required for
TMPRSS2:ERG fusion. In a recent meta-analysis, use of aspirin was associated
with a modest reduction in the risk of prostate cancer specific mortality (OR 0.86,
95% CI 0.78-0.96 for total prostate cancer; OR = 0.81, 95% CI 0.71-0.92 for
advanced prostate cancer) [208].
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Potential Biases of Associations of Obesity-Related Metabolic
Conditions and Risk of Prostate Cancer

When considering the potential mechanisms that underlie the inverse association
between comorbid conditions and prostate cancer, non-causal explanations should
also be considered. Many obesity-related metabolic conditions have been associated
with lower prostate-specific antigen (PSA) levels. For example, PSA has been shown
to be lower in diabetics and lowest in individuals with a long duration of disease [62,
70,210-215]. Similarly, obesity, which commonly coexists with diabetes, is believed
to lowers PSA due to hemodilution [216-219]. Furthermore, some medications,
such as statins and 5-alpha reductase inhibitors have been associated with lower
PSA levels [220-222]. Because PSA drives biopsy recommendations and subse-
quent PCa detection in clinical practice, lower PSA in men with obesity-related
medical conditions could lead to fewer biopsies and consequently to less diagnoses
of cancer. Thus, it is possible that the observed associations between obesity-related
metabolic conditions and prostate cancer risk are attributable, at least in part, to the
effects of these conditions and/or their treatments on PSA values.

Conclusions

Obesity and prostate cancer are two common conditions in men over the age of 50
today and there appears to be a relationship between the two, with obesity poten-
tially influencing the risk, aggressiveness and outcomes of men with prostate can-
cer. As our understanding of the mechanisms between these conditions grows, the
appreciation of the complexity of the relationship and the likely contribution from
multiple factors also increases. With obesity, a number of comorbid conditions also
become more common. The observed associations between these diagnoses or their
treatments and prostate cancer could be explained by confounding by the
obesity:prostate cancer relationship. Or, these diagnoses and treatments may influ-
ence prostate cancer development and progression independent of obesity. Further
research will help define the complex interplay. Until then, care of men at risk for,
or with prostate cancer, should also include attention to weight management, glu-
cose and lipid control, to promote both overall and prostate-cancer specific health.
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Chapter 4
Adipokines and Prostate Cancer

Cheryl L. Thompson and MacKenzie Reece

Abstract Adipokines (adipocytokines) have been suggested to play a role in the
well-established association of obesity and prostate cancer. Adipokines are secreted
by adipose tissue and dysregulated in obese individuals. Given their association
with multiple pathways, it has been hypothesized that adipokines mediate the asso-
ciation between obesity and prostate cancer risk and aggressiveness. Mechanistic
studies have provided good evidence of the role of leptin in prostate cancer cellular
proliferation. In clinical studies, circulating levels of many adipokines have been
associated with risk of prostate cancer, however many of these have been met with
mixed results or suffered from small sample sizes, so there remains significant
opportunities for more research in the area. In contrast, there has been evidence that
inherited genetic variation in adipokines and their receptors may increase prostate
cancer risk, with strong evidence particularly for LEP and TNFa. However, more
studies in this area are needed as well. Although there is room for more research to
understand the role of adipokines in clinical prostate cancer management, it is rea-
sonable to hypothesize that adipokines can help manage the association between
obesity and prostate cancer. With growing rates of obesity, in turn the impact of
adipokines on prostate cancer risk and progression will increase. Thus, understand-
ing adipokines in relation to prostate cancer may provide therapeutic and preventa-
tive measures to reduce the risk and progression of prostate cancer.
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Introduction

As outlined in previous chapters, the association of obesity with prostate cancer has
been an active area of research over the past few decades. More and more evidence
suggests that obesity plays a role in not only risk of prostate cancer [1], but prostate
cancer aggressiveness [2, 3], as well as outcomes among prostate cancer patients
[4]. With growing rates of obesity both in the United States and worldwide, it is
important to understand the underlying biology of this association to minimize the
impact of obesity on prostate cancer outcomes.

Adipokines are one of the mechanisms suggested to play a role in the association
of prostate cancer and obesity [5]. Adipokines, sometimes referred to as adipocyto-
kines, are signaling proteins secreted by adipose tissue. As expected, higher levels
of adipokines are found in overweight and obese individuals. The signaling of adi-
pokines alters multiple biological processes, and thus their actions have led many to
hypothesize their role as mediators of the association between obesity and prostate
cancer.

The goal of this chapter is to review the literature surrounding the association of
adipokines and prostate cancer, from risk of prostate cancer to prostate cancer recur-
rence and survival, from both basic science and epidemiological perspectives.
Although there are many adipokines that are dysregulated in obesity and insulin
resistance [6, 7], and at least 15 associated with cancer [8], for the purposes of this
chapter, we will study the ones more well researched with respect to cancer, particu-
larly IL-6, TNF-a, VEGF, leptin and adiponectin (Fig. 4.1).

Adipokines and Obesity

Although previously thought to simply store excess energy, adipose tissue is now
widely recognized to be an endocrine organ that secretes a number of signaling
cytokines. These are collectively referred to as adipokines. Emerging research sug-
gests that these signaling molecules play an important role in a number of biological

Fig. 4.1 Select adipokines
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processes, and thus their function is hypothesized to mediate a number of the pro-
cesses associated with energy dysregulation. Further, adipokines circulate through-
out the body. Consequently their role is not limited to adipose tissue. Interestingly,
particularly with respect to prostate cancer, adipokines are also important in hor-
monal regulation [8].

Adipokines also have a known role in inflammation, one of the key biological
processes underlying the six hallmarks of cancer [9], through both paracrine and
endocrine action. Many adipokines have been shown to be involved in inflammation
[10], and emerging evidence suggests that obese individuals are in a constant low-
grade inflammatory state, and the adipokines released by the adipose tissue have
both pro-inflammatory and anti-inflammatory properties [11]. In obesity, the pro-
inflammatory properties take over, resulting in this inflammatory state. In fact,
obese individuals have higher levels of C-reactive protein (CRP) and IL-6 [12]. It is
interesting to note the strong interaction between adipocytes and adipokines with
immune-inflammatory cells. For example, it is now known that macrophages are
present in adipose tissue, with increased numbers in obesity [12].

The role of individual adipokines in inflammation and immune response have
also been studied. Leptin has been shown to regulate T-cell activation, as well as to
protect T cells from apoptosis [13]. In mouse studies, leptin deficiency is associated
with lower levels of inflammation and reduced immune responses [13]. Adiponectin
inhibits IL-6 production in macrophages [14], and promotes the activation of I-L.10
and IL-1RA [15]. Thus, there is a clear connection between adipokines and
inflammation.

The association of insulin resistance and adipokines is also well established.
Adiponectin regulates insulin sensitivity and is lower in individuals with type 2
diabetes [16], which is also related to inflammation. Indeed, the close interaction
between obesity and insulin resistance with inflammation and immune response
appears to be strongly driven by adipokines [17-20]. Indeed, this relationship may
be key to the underlying relationship between adipokine and prostate cancer.

Adipokines and Risk of Prostate Cancer
Leptin

Although secreted by other tissues as well, leptin is secreted primarily by adipose
tissue and controls signaling to the brain associated with hunger. The classic exam-
ple of the role of leptin is the ob/0ob mouse, with mutations in the leptin gene result-
ing in lack of leptin production. These mice are always hungry and suffer from
extreme obesity. Low levels of leptin are meant to trigger hunger to save depleting
fat store. With higher circulating levels of leptin, you feel more satiated. Leptin has
been shown to be correlated with body fat and is thus higher in obese individuals
[21]. However, in obesity, there is a decreased sensitivity to leptin, and thus obese
individuals need more leptin to feel full, often referred to as “leptin resistance” [22].
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Studies have shown increases in proliferation in androgen-dependent prostate
cancer cell lines when treated with leptin [23]. Somasundar et al. showed data from
two prostate cancer cells lines that illustrated the increase in proliferation upon
exposure to leptin, via suppression of apoptosis. In additional studies, the same
group provides further data suggesting that this association is due to activation of
PI3K and/or MAPK pathways [24].

In addition to these mechanistic studies, epidemiological studies have suggested
that higher circulating leptin levels are associated with increased prostate cancer
risk [25, 26], with higher leptin levels being associated with up to 2.6 times the risk.
However, the results have been inconsistent [27, 28], and quintile analyses do not
show a convincing trend [26]. It will be important for further work to be done in this
area, particularly in larger samples, to clarify this association and help understand
the role of leptin in prostate cancer carcinogenesis.

In addition to circulating levels of leptin, individual variations in the Leptin
(LEP) and Leptin receptor (LEPR) genes have been associated with prostate cancer
risk. A recent meta-analysis of the G2548A polymorphism in LEP found that this
variant was statistically significantly associated with both risk of prostate cancer
(OR 1.26, 95% CI 1.05—1.51 under a recessive model) as well as overall cancer risk
(1.19,95% CI 1.00-1.41 under a recessive model) [29]. Other variations in both the
LEP and LEPR genes have been suggested to be associated with prostate cancer
risk, but recent meta-analyses have suggested an overall lack of sufficient evidence
at this time [29, 30].

Adiponectin

Adiponectin is a major adipokine that, in contrast to other adipokines, is down-
regulated in obese individuals [31]. It is also down-regulated in type 2 diabetes [31],
and mice with a knockout of the adiponectin gene have significant insulin resistance
[32]. Adiponectin acts with respect to metabolic conditions through a couple of
mechanisms. High levels of adiponectin both increase fatty acid oxidation and
inhibit glucose production in the liver [33].

A variety of molecular studies have shown the effect of adiponectin on prostate
cancer. Bub et al. demonstrated that certain forms of adiponectin can inhibit growth
of prostate cancer cells [34]. Interestingly, they also showed that adiponectin sup-
presses leptin and insulin-like growth factor-1 (IGF1), both of which increase
growth of prostate cancer cells [34]. Other groups have noted the increase in motil-
ity of prostate cancer cell lines when treated with adiponectin [35], which was
mediated through the upregulation of the NF-«xB, p38 and AMPK pathways. Still
others have implicated the AKT/mTOR pathway in the relationship between adipo-
nectin and prostate cancer [36].

In a small epidemiological study, circulating levels of adiponectin were inversely
associated with prostate cancer risk [37]. Although circulating adiponectin levels
were similarly correlated in a number of other cancers [38], others have found no
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association [28], and, given the limited data, much more work will need to be done
to understand the association of circulating adiponectin with risk of prostate cancer,
particularly in studies with larger sample sizes.

Genetic epidemiological studies have suggested that genetic variation in the adi-
ponectin gene (ADIPOQ) and the two receptors of adiponectin (ADIPORI and
ADIPOR?2) are associated with risk of prostate cancer. In a nested case-control study
from the Physicians’ Health Study, four of the twelve single nucleotide polymor-
phisms (SNPs) in ADIPOQ were associated with risk of prostate cancer, of which
two (rs266729 and rs182052) and were also associated with circulating levels of
adiponectin [39]. In another study, Kaklamani et al. found that haplotypes in
ADIPOQ and ADIPORI were associated with prostate cancer risk [40]. A third
study noted the association with some of these same SNPs with prostate cancer in
Chinese Han men [41]. However, in a study of African Americans, no SNPs in these
three genes were associated with risk of prostate cancer [42], although it is impor-
tant to note that this study included only 131 prostate cancer cases and 344 controls
and did not include most of the previously associated SNPs. Further studies will
need to be done to assess population differences in these associations and help
explain these findings.

Although there is clearly evidence of the association of adiponectin with prostate
cancer, it’s important to note that, as studies have demonstrated, it is not a one-to-
one association. Adiponectin has a complex relationship with other reproductive
hormones and adipokines [43], many of which may interact to influence risk of
prostate cancer. For example, it has been shown that leptin and adiponectin interact
to regulate prostate cancer cell growth [44], which evidence further suggests that
this cell growth is through targeting of p53 and BCL-2 [44].

INF-«

Tumor Necrosis Factor-alpha (TNF-o) is an inflammatory adipokine secreted from
activated monocytes, macrophages, neutrophils, T cells, and NK cells. It also has a
well-established association with obesity and insulin resistance, and obese individu-
als have about 2.5 times the expression of TNF-a in their adipose tissue compared
to non-obese individuals [45]. TNF- « is generally accepted to contribute the low
grade inflammation observed in obesity due to the infiltration of macrophages [46].

TNF-a mechanistically has been shown to factor in increasing prostate cancer
tumorigenesis by promoting inflammation and angiogenesis, while at the same time
it has been shown to inhibit growth and induce apoptosis [47], a well-established
paradoxical role observed in a number of cancers [48]. This dual role of TNF-« in
prostate cancer may be due to the context in which TNF-a is studied [47, 49], and
studies have even found different effects in different cell lines. For example, one
study found that PC3 prostate cancer cells were resistant to TNF-a-induced apopto-
sis whereas LNCaP cells were not [S0]. They further found that the resistance of the
pro-apoptotic pathway in PC3 cells was mediated by NF-kB survival pathway,
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while the cells that were sensitive (LNCap) to TNF-a did not induce phosphoryla-
tion and resulting in apoptosis [50].

In a very small, early clinical study, serum TNF-a was not found to differ between
metastatic prostate cancer patients and healthy controls [51]. However, due to the
very small sample size, it would be important to investigate this association
further.

The TNFa gene has been mapped to the major histocompatibility complex III
(MHC III) region on chromosome 6p21.3 [52]. Previous studies have shown poly-
morphisms at the promoter region lead to an increased constitutive and inducible
expression of TNF-a in comparison of polymorphic mutants at the TNF-a promoter
region to the wild type [53]. Recently, there have been several studies suggesting
that multiple SNPs within the gene itself or the promoter region of TNFa, including
TNFa -308G/A and TNFa -238C/T [52] are associated with prostate cancer risk. A
recent meta-analysis of 14 studies of the TNFa 308 G/A polymorphism (5757
patients and 6137 control subjects) and the TNFa -238 G/A polymorphism (1967
patients and 2004 control subjects) was conducted [54]. Results suggested that the
TNFa -238G/A is not associated with risk of prostate cancer , but the TNFa -308G/A
polymorphism had a significant association with prostate cancer risk [54]. They
noted that individuals with one or more A variants in this SNP were about 50%
more likely to develop prostate cancer [54].

VEGF

Vascular endothelial growth factor (VEGF), which was previously known as vascu-
lar permeability factor (VPF), is a signaling protein that is secreted to stimulate
angiogenesis, increase microvascular permeability and endothelial cell growth, pro-
liferation, migration, and differentiation in order to create new blood vessels during
embryonic development, injury or repair of tissues, and hypoxic conditions with an
increase in transcription factor hypoxia-inducible factor-1 and mRNA stability fac-
tors for VEGF [55]. In cancer, VEGF plays an important role in tumor neovascular-
ization as well as tumor proliferation [55].

Many studies have looked at VEGF in serum as a biomarker for prostate cancer.
In one study of 44 patients with prostate cancer, 57 with benign disease and 57 con-
trols, they found that VEGF levels were substantially higher among prostate cancer
patients, and correlated with PSA levels [56]. However, a more recent review sug-
gested that overall there does not seem to be a good level of evidence suggesting
circulating VEGF can distinguish between prostate cancer patients and controls [57].

A number of studies have also investigated the association between inherited
variations in VEGF with risk of prostate cancer. One study looked at five polymor-
phisms in VEGF (rs833061, rs3025039, rs2010963, 1154G/A, and 2578C/A) in 702
men with prostate cancer and 702 controls, and found none were associated with
prostate cancer risk [58]. In another study evaluating single gene and joint effects of
genetic variants on prostate cancer risk in a case-control study that comprised of
193 African-American men with prostate cancer and 666 African-American con-
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trols, they found although no single variant was associated with overall prostate
cancer risk, VEGF 2482T combined with VEGFR (the VEGF receptor) IVS6 + 54
loci were associated with risk of prostate cancer [59].

IL-6

Interleukin-6 (IL-6) is an inflammatory cytokine that is secreted by adipocytes, as well
as visceral tissue such as prostate cancer and prostate stromal cells. IL-6 is responsible
for acute inflammation, regulation of B and T-cells, as well as cell growth and viability
[60]. The release of IL-6 can be stimulated by multiple factors including infectious
agents, epithelial cell injury, urine reflux, systemic diseases, and diet [60]. The most
common signaling of IL-6 involves the release of STAT-3 proteins. This release in turn
induces transcription of growth factors and cytokines that have been associated with
inflammation-related cancer [60]. Since it is known that IL-6 is secreted from adipo-
cytes, and the concentration of IL-6 is directly proportional to obesity and insulin resis-
tance, it is hypothesized that IL-6 is the mediator between obesity and an increased risk
of prostate cancer [5]. Some research has shown that IL-6 secretion in high concentra-
tions may lead to increased risk of prostate cancer, with a possible link between obe-
sity, but the major signaling pathways involved in IL-6 and prostate cancer must be
studied further. However, it is important to note that it is unlikely that there is a single
mechanism for the IL-6 pathway in regards to prostate cancer, as other studies have
shown that other proteins are likely involved as well [5].

IL-6 is of particular interest to prostate cancer because it has been noted that
patients with untreated metastatic or castration-resistant prostate cancer have higher
levels in comparison to healthy patients [61]. In a previous in-vitro study using the
prostate cancer cell line LNCaP, long-term treatment with IL-6 at high concentra-
tions (5 ng/ml) resulted in a higher basal cell proliferation rate than LNCaP cells
without IL-6 added [62]. The cellular response in the LNCaP prostate cancer cells
with IL-6 added lead to a reduction of an inhibitory growth response [62]. Thus, this
could represent a mechanism for the carcinogenesis of prostate cells through the
transition of IL-6 as a growth inhibitor to a growth stimulator.

Clinical studies of IL-6 in prostate cancer have shown elevation of circulating
IL-6 among prostate cancer patients when compared to healthy men, or men with
benign prostatic disease [63]. Another study of 80 prostate cancer patients found an
association between extent of disease, including tumor burden and circulating IL-6
[64]. However, not all studies have come to the same conclusion [28, 65], and more
research should be done to understand this association.

A recent analysis of multiple polymorphisms in /L6 found that the less common
allele of rs10499563 was associated with an increased prostate cancer risk in a
Chinese population [66]. In another very recent study, which also utilized a Chinese
population, the rs1800796 SNP (-572G/C) was found to confer a 30% increased risk
of prostate cancer, with stronger effect among non-smoking individuals [67].
However, other studies have not found associations [65]. Overall, the genetic epide-
miology of the /L6 gene and prostate cancer risk has not been fully studied.
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Adipokines in Prostate Cancer Aggressiveness

Prostate cancer is often a very indolent, slow-growing disease, and active surveil-
lance (regular surveillance for disease progression without active treatment) is a
common treatment plan for many patients. However, some patients develop aggres-
sive forms of prostate cancer which ultimately leads to metastasis and mortality.
Because of this, understanding the biology of prostate cancer aggressiveness is very
important. Obesity is not only associated with overall risk of prostate cancer, but it
seems to be associated more strongly with aggressive disease [68]. Thus adipokines
as they relate to prostate cancer aggressiveness are of interest to many
investigators.

Leptin

A number of studies have suggested leptin could pay a role in the link between
obesity and aggressiveness of prostate cancer. In a study utilizing the DU145 and
PC-3 androgen-resistant cell lines, Hoda et al. observed a dose-dependent effect of
leptin on proliferation [69]. This same group followed this up and suggested that
leptin may act through PI3K/Akt signaling to phosphorylate FOXO1 resulting in
inactivation [70]. Another group provided evidence that suggests that there is a
complex interaction of insulin and leptin, whereas although leptin generally inhibits
prostate cancer growth, insulin prevents leptin from this action in RM1 cells [71]. In
an interesting study investigating the adipocyte “secretome”, Moreira et al. investi-
gate the association of leptin and insulin on proliferation of androgen independent
prostate cancer cells. However, they observed no effect of leptin on cell prolifera-
tion rates [72].

In a clinical study of prostate cancer patients, higher levels of circulating leptin
was observed among patients with higher Gleason scores as well as more advanced
disease [25]. However, others have not observed similar associations [73].

Adiponectin

In arecent study of 311 men with advanced prostate cancer and 413 men with local-
ized prostate cancer in the United Kingdom, Burton et al. showed that circulating
adiponectin was inversely associated with prostate cancer stage, but only among
overweight and obese men [73]. This confirmed earlier reports [37, 74] and pro-
vides increasing evidence of the association between plasma adiponectin and pros-
tate cancer stage, although the evidence for an association with Gleason score is still
somewhat debated [37, 73-75]. Another recent study sought to investigate the asso-
ciation of plasma adiponectin in risk of aggressive prostate cancer and found no
association [76].
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Although the evidence for the association between inherited genetic variants in
adiponectin and its receptors with prostate cancer risk is strong, there is less evi-
dence of their association with Gleason score or tumor stage [39]. However, this
area has not had much research done and more studies will need to be completed
before we can draw definitive conclusions.

VEGF and IL-6

In a study of hypoxia-induced aggressiveness of prostate cancer cells, Bao et al.
found that the aggressiveness is associated with increased expression of both VEGF
and IL-6, and that this pathway could also contribute to the epithelial-to-
mesenchymal transition in these cells [77].

Very few clinical or epidemiological studies have investigated the role of VEGF
or IL-6 with prostate cancer aggressiveness. One exception was a study of African-
American prostate cancer patients and controls, where they found that carriers of
the VEGF -2482T allele had a threefold increase in the risk of developing a more
aggressive of prostate cancer [59]. More will need to be done to investigate the clini-
cal utility of both circulating VEGF and IL-6 as well as polymorphisms within these
genes or their receptors with respect to prostate cancer aggressiveness.

Adipokines and Prostate Cancer Outcomes
Leptin

Although no study to date has investigated the association of circulating leptin with
prostate cancer recurrence or survival, genetic studies have provided data suggest-
ing a role of leptin in prostate cancer outcomes. A recent study identified a SNP in
LEPR, along with four other SNPs in other genes, which were associated with pros-
tate cancer-specific mortality [78]. Much more work needs to be done in the area of
genetic association of LEP and LEPR with prostate cancer progression and/or mor-
tality, as well as in the area of the association of circulating or tumor levels of leptin
with outcomes.

Adiponectin

Circulating levels of adiponectin have been associated with prostate cancer mortal-
ity. In reviewing data from the Physician’s Health Study, pre-diagnostic plasma adi-
ponectin was associated with both less aggressive cancer and lower prostate cancer
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mortality [79], and this result was limited to obese men, similar to the Burton et al
study, which found the association of adiponectin with prostate cancer aggressive-
ness to be only in obese men [73].

Although the research on genetic variation in ADIPOQ, ADIPOR1 and ADIPOR?
with outcomes in prostate cancer has been largely unexplored, there has been one
exception. In a study of three variants in ADIPOQ and biochemical recurrence
among prostate cancer patients receiving a radical prostatectomy, Gu et al. noted
that variants of the rs182052 SNP were statistically significantly associated with
recurrence [80]. Future studies will be needed to confirm as well as to identify other
SNPs in these genes that might not have been captured in this single study.

INF-«

Clinical studies of prostate cancer patients have shown that TNF-« levels were asso-
ciated with tumor burden in a study of 80 prostate cancer patients, and elevated in
patients with metastatic disease [64]. This same study showed that individual rises
in serum TNF-a were associated with progression [64], however other studies have
not shown an association [51]. To our knowledge, however, no study has looked at
either circulating levels of TNF-a or genetic variations in TNF-a as predictors of
prostate cancer survival, recurrence or progression.

VEGF

Many prognostic clinical features have been associated with VEGF. Plasma VEGF
concentrations have been shown to be highest among patients with metastatic dis-
ease, which is not surprising given the well-established role of VEGF in neovascu-
larization [81]. Others have studied the expression of VEGF in the prostate tumor
and found it to be associated with Gleason score and/or biochemical failure [82, 83].
VEGF also seems to play a critical role in metastasis, particularly to the bone [84].

The predictive relationship between circulating VEGF and prostate cancer out-
comes have been examined in a number of clinical studies. A recent meta-analysis that
included 12 studies and over 1700 patients showed that circulating VEGF expression
was a good predictor for cancer-specific survival and biomedical failure in prostate
cancer patients [85]. However, although showing a trend, levels of VEGF were not
statistically significant predictor of overall survival, progression-free survival and dis-
ease free survival [85], and others have found no association overall [86]. Further
studies will have to see if VEGF could be used in combination with other biomarkers
or clinical features to predict outcomes among prostate cancer patients.

Interestingly, polymorphisms in VEGF, specifically the -634C/G SNP, have been
associated with progression free survival among prostate cancer patients treated
with metronomic cyclophosphamide [87].
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IL-6

There is growing evidence that circulating levels of IL-6 are correlated with prostate
cancer prognosis. An earlier epidemiological study showed that high serum IL-6
(>7 pg/ml) levels are associated with prognostic factors as well as overall survival
among prostate cancer patients [88]. In this study, their data suggest that serum IL-6
was an independent factor for prostate cancer prognosis, as well as a surrogate for
extent of disease. Other studies have also correlated IL-6 levels with tumor burden
[51], or with having metastases to the bone [89].

Importantly, there is also a good amount of evidence supporting the involvement
of IL-6 in the transition from hormone-dependent to castrate-resistant [60]. IL-6 has
been shown to increase activity of the androgen receptor (AR), and, conversely,
bicalutamide, an androgen blocker, inhibits IL-6 [62]. Other studies using prostate
cancer models have showed similar interplay between AR and IL6 as well [90, 91].

Summary

In summary, many adipokines have been suggested to exert a mediating effect
between obesity and prostate cancer. Although the relationship between obesity and
prostate cancer is undoubtedly complex, adipokines are likely to play a significant
role. Indeed, many of the associations found in studies of adipokines and risk and
outcomes from prostate cancer are in addition to obesity, suggesting that there are
likely to be other mediators as well.

It is important to note that for a vast majority of adipokines, current clinical stud-
ies of tumor adipokine expression or circulating adipokine levels have generally
been small, often retrospective, utilize different types of patients, and thus it is not
surprising that they have come to differing conclusions. Additional large-scale
clinical and epidemiological research should be done to help us understand the util-
ity of these biomarkers in diagnosing and caring for prostate cancer patients.

Similarly, a number of genetic epidemiological studies have investigated the
association between inherited variation in adipokine genes or genes encoding their
receptors. We have summarized these in Table 4.1. There is good evidence in the
literature for the association of variants in LEP and TGFa with prostate cancer risk.
However, for many of the other genes, there either appears to be no association or
the studies to date have had mixed findings. Regardless, from these studies we can
conclude that there are at least some inherited variations in adipokines that may help
explain some of their relationships with prostate cancer.

With growing rates of obesity, the effect of obesity on prostate cancer should be
expected to increase as well. While the last couple decades of research has greatly
expanded our knowledge of how adipokines influence prostate cancer development
and progression, there is still quite a bit left unanswered, particularly on the clinical
side. Understanding the role of adipokines in prostate cancer can help us develop
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Table 4.1 Summary of association of adipokine genes with prostate cancer risk

‘ Reference(s)
Genes with meta-analysis level evidence
LEP (Leptin) [29]
TNFa (Tumor necrosis factor alpha) [54]
Genes with some evidence
ADIPOQ (Adiponectin) [39, 40]
1L6 (Interleukin 6) [65-67]
Genes with limited evidence to date
LEPR (Leptin Receptor) [29, 30]
ADIPORI (Adiponectin receptor 1) [39, 42]
ADIPOR?2 (Adiponectin receptor 2) [39, 42]
VEGF (Vascular endothelial growth factor) [58, 59]

Genes of the five adipokines in this chapter and their level of evidence for association of inherited
variation in them with prostate cancer risk

novel therapeutics and/or preventive measures to reduce the impact of obesity on
prostate cancer incidence and mortality.
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Chapter 5

Cross-Sectional Epidemiology

and Intervention Studies of Mediators

of the Energy Imbalance-Prostate Cancer
Association

Mieke Van Hemelrijck and Sabine Rohrmann

Abstract This chapter discusses both cross-sectional and intervention studies
investigating how indicators of energy imbalance—energy intake, physical activity,
and obesity—and their interventions—dietary restriction or exercise—are associ-
ated with potential mediators of the association between energy imbalance and
prostate cancer risk and progression. We focus on biomarkers of pathways involved
in energy metabolism—insulin growth factor-1, lipogenic pathway, prostaglandins,
vasoactive intestinal peptide (VIP), sex steroid hormones, leptin and adipokines,
irisin, epigenetics, telomere length, inflammation, and vitamin D—as the potential
mediators. Despite a wide variety of both cross-sectional and intervention studies
available, current findings are rather inconsistent for most of these potential media-
tors. Physical activity and dietary restriction have been inversely associated with
insulin and lipid metabolism as well as inflammation in both observational and
intervention studies. Prostaglandins and VIP have been investigated less frequently,
whereas the numerous studies on sex steroid hormones are unclear about the effects
of physical activity. Similarly, leptin and adiponectin have been studied frequently
with inconsistent findings. Irisin is predominantly inversely linked with indicators
the energy imbalance. Epigenetics and telomere length are two emerging areas of
research in the context of energy imbalance with promising results from interven-
tion studies. Finally, despite the potentially beneficial health effects of vitamin D,
few studies have investigated how reducing energy imbalance may affect its circu-
lating levels. We expect that the ongoing “Mechanisms research project” of the
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World Cancer Research Fund, through a standardized review of research on the
biological mechanisms underlying the effects of lifestyle factors influencing energy
imbalance on prostate cancer risk and progression, will point to information gaps
for more research and may identify targets for intervention.

Keywords Diet ¢ Exercise ® Cross-sectional studies ® Intervention studies ¢ Obesity

Introduction

This chapter discusses both cross-sectional and intervention studies investigating
how indicators of energy imbalance—energy intake, physical activity, and obe-
sity—and their interventions—dietary restriction or exercise—are associated with
potential mediators of the association between energy balance and prostate cancer
risk and progression. We focus on biomarkers of pathways involved in energy
metabolism—insulin growth factor-1 (IGF-1), lipogenic pathway, prostaglandins,
vasoactive intestinal peptide (VIP), sex steroid hormones, leptin and adipokines,
irisin, epigenetics, telomere length, inflammation, and vitamin D—as the potential
mediators. The first section of this chapter describes these potential mediators. The
second section reviews cross-sectional studies investigating the mediators in rela-
tion to indicators of energy imbalance. The last section summarizes studies evaluat-
ing the effects of diet and exercise interventions on these mediators.

Potential Mediators of the Energy Imbalance-Prostate Cancer
Associations

Energy metabolism could play a role in prostate cancer proliferation and progression
through many different biological mechanisms. Before discussing cross-sectional
and intervention studies evaluating these biological mechanisms in relation to
indicators or interventions of energy imbalance, we provide a very brief overview
of those potential mediators most commonly thought to link energy imbalance and
prostate cancer risk and progression.

Insulin and the Insulin-Like Growth Factor (IGF) Family

Insulin, a polypeptide produced by beta cells in the pancreas, is involved in regula-
tion of energy metabolism. It regulates glucose concentration by triggering glucose
absorption by muscle, fat, and liver cells from the blood. Additionally, it is involved
in regulating lipogenesis [1]. It has mitogenic and growth-stimulatory properties,
such that hyperinsulinemia is thought be a risk factor for cancer.

IGF-1, a peptide hormone, that is thought to have a role in cell differentiation,
proliferation, and apoptosis [2]. IGF-1 is mainly carried in the blood bound to
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IGF-binding protein 3 (IGFBP3), such that the clearance of IGF-1 is reduced and its
supply to target cells is prolonged [3]. With respect to prostate cancer, however,
results are ambiguous ranging from inverse associations [4] and null findings [5, 6]
to positive associations [7]. Nevertheless, a meta-analysis of 17 prospective and 2
cross-sectional studies confirmed a positive association between circulating levels
of IGF-1 and the risk of prostate cancer [8].

Lipogenic Pathway

De novo synthesis of fatty acids has been observed in several types of cancer
cells, including prostate cancer. Fatty acid synthase (FASN) is the major enzyme of
lipogenesis and catalyzes the nicotinamide adenine dinucleotide phosphate
(NADPH)-dependent condensation of acetyl-CoA and malonyl-CoA to produce
predominantly 16-carbon palmitic acid [9]. Many cancers overexpress FASN, and
some studies have shown that its overexpression is also associated with poor sur-
vival of cancer patients [10], including prostate cancer [11, 12].

In contrast to normal prostate epithelial cells, prostate cancer cells do not show
increased aerobic glycolysis. Increased de novo synthesis of lipids is hence thought
to be an early event of the disease, as shown by upregulation and increased activity
of lipogenic enzymes (i.e., FASN) [13, 14], which are also regulated by some of the
major cancer-driving signaling pathways: PTEN, PI3K, and AKT. Several studies
have therefore also investigated the role of serum lipids (e.g. triglycerides, total
cholesterol, high-density lipoprotein (HDL) and low-density lipoprotein (LDL)
cholesterol) and risk and progression of prostate cancer [15].

Peroxisome proliferator-activated receptor gamma (PPARY) is a nuclear receptor
that is selectively expressed in adipose tissue. It has an important role in adipocyte
differentiation, energy storage, insulin sensitization, and fatty acid metabolism [16].

Prostaglandins

Prostaglandin is one of the many stimulators thought to drive adipogenesis. It is
of interest to prostate carcinogenesis, as it can also lower cell proliferation and
therefore have tumor promoting effects [17].

Vasoactive Intestinal Peptide (VIP)

VIP is a neuropeptide that is widely distributed in the central nervous system and in
the gastrointestinal tract neurons. Physiologically, it is important with respect to a
variety of gastrointestinal functions such as mucosal ion transport, vasodilatation,
and mucosal inflammatory immune responses. In animal models, VIP has been shown
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to play a role in the control of appetite, feeding behavior, and the age-dependent
change of body phenotype, e.g., body fat mass gain and lean mass loss [18]. In addi-
tion to its role in glucose metabolism and modulation of the immune system, VIP
has been suggested to play a role in the development of cancer through regulation
of proliferation and cell differentiation [19]. VIP receptors are expressed on a num-
ber of human tumor cell types, including prostate cancer [20]. In prostate cancer cell
lines, VIP stimulates cell proliferation and invasiveness [21].

Sex Steroid Hormones

Even though testosterone is considered to play a role in prostate cancer risk and
progression, it is still unclear how circulating levels of sex steroid hormones affect
this. A meta-analysis of 18 prospective studies did not show any impact of circulat-
ing hormones on prostate cancer risk [22]. However, in the context of energy bal-
ance and prostate cancer, testosterone and other sex steroid hormones may be
potential mediators as there is cross-talk with energy homeostasis, e.g., excess adi-
pose tissue results in increased conversion of testosterone to estradiol [23].

Leptin and Adipokines

Leptin, a hormone secreted by adipose tissue, helps to regulate energy homeostasis.
Exogenous levels of circulating leptin have been shown to stimulate the growth of
prostate cancer cells [24]. Leptin is one of many adipokines, i.e. cytokines secreted
by adipose tissue, thought to be involved in the link between energy regulation and
prostate carcinogenesis [25]. However, results are rather heterogeneous with respect
to an association with prostate cancer in epidemiological studies [5].

Irisin

Another hormone recently suggested to link energy imbalance and cancer is irisin,
also called the “exercise hormone”, as it has been shown to be involved in thermo-
genesis and energy expenditure [26].

Epigenetic Modifications

Epigenetic modifications, including hyper- and hypomethylation of select genes or
genomewide, has recently been shown to be one of the potential mechanistic linking
lifestyle-related factors and prostate cancer [27]. For example, several components
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of the epigenetic machinery require intermediates of cellular metabolism for enzy-
matic function. Moreover, specific epigenetic influences of dietary glucose and lipid
consumption have been observed across several organs and pathways associated
with metabolism [28].

Telomeres

Telomeres are repetitive DNA sequences that protect the ends of chromosomes from
degradation and recombination. Over the lifetime, they become shorter and finally
dysfunctional, but cancer cells typically have the ability to maintain telomeres,
which enhances viability. Because telomeres shorten with each round of replication,
factors that increase the rate of proliferation, including possibly energy imbalance,
would produce accelerating telomere shortening. Several studies have examined the
association of telomere length, usually measured in peripheral blood lymphocytes,
and cancer risk. For prostate cancer, whether an association between telomere
length and prostate cancer risk exists is uncertain. The Health Professionals
Follow-up Study [29] and the Prostate, Lung, Colorectal and Ovarian (PLCO)
Cancer Screening trial [30] both possibly found that men with shorter telomere
length had a lower, rather than higher, risk of prostate cancer, whereas no associa-
tion between telomere length and prostate cancer risk or mortality was observed in
a Danish study [31]. Note that it is unclear what telomere length in circulating leu-
kocytes reflects relative to tissue telomere length.

Inflammation

Inflammatory cytokines are circulating factors implicated as key mediators for the
effects of energy imbalance on carcinogenesis [32]. Shivappa and colleagues exam-
ined the ability of a newly developed dietary inflammatory index (DII) to predict
prostate cancer risk and found that men in the fourth quartile of the DDI, as com-
pared to men in the lowest quartile, have a 33% higher risk of developing prostate
cancer [33]. These findings thus suggested that a pro-inflammatory diet may be a
risk factor for prostate cancer.

Vitamin D

Preclinical evidence links vitamin D and cancer, suggesting that vitamin D has anti-
proliferative effects via mechanisms such the induction of G0/G1 cell cycle arrest,
differentiation, and apoptosis [34]. Vitamin D has also been implicated in energy
metabolism [35].
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Observational Studies of Mediators of Energy Imbalance:
Prostate Cancer Associations

This section reviews observational studies focused on the associations of indicators
of energy imbalance (i.e., energy intake, physical activity, and obesity) with the
above-listed mediators of the energy imbalance-prostate cancer association. In con-
trast to physical activity and obesity, only a few studies have reported on the asso-
ciations for energy intake—either total energy intake or more specifically
macronutrient intake, in particular fat intake, with the mediators.

Energy Intake

The association between energy intake and circulating IGF-1 has been examined
cross-sectionally in some studies. For example, in the Health Professionals
Follow-up Study, energy intake was positively related to plasma IGF-1 level in nor-
mal weight men, but no association was observed in overweight or obese men [36].
No such association was observed in the Multiethnic Cohort [37] or the European
Prospective Investigation into Cancer and Nutrition (EPIC) cohort [38], although
these and other studies observed associations of other dietary components, in par-
ticular dairy consumption with IGF-1 concentrations (e.g. [38, 39, 88]).

A small study among 112 healthy Greek men examined the association between
diet and sex steroid hormones cross-sectionally [40]; total energy intake was not
associated with either testosterone or estradiol concentration. Similarly, no associa-
tions were seen in a British study of 696 middle-aged men [41].

Studies that cross-sectionally examined energy intake and blood concentrations
of leptin generally observed no associations. In the Health Professionals Follow-up
Study, men in the highest quintile of leptin concentration had higher intakes of total
and saturated fat than men in the lowest quintile, but there was no difference in
energy intake [42]. There were also no associations between energy intake and
leptin concentration in the Multiethnic Cohort [43] or the EPIC cohort [38]. In the
cross-sectional INTERLIPID study, total dietary energy intake was not significantly
related with leptin concentration among normal weight and overweight participants,
but in those with body mass index (BMI) >30 kg/m?, total energy intake was
significantly inversely related with leptin concentrations independent of body
weight and physical activity [44]. No associations of total energy intake with circu-
lating concentrations of adiponectin were observed in a study among Greek univer-
sity students [45] or among 532 middle-aged men of the Health Professionals
Follow-up Study [46].

Only one study cross-sectionally examined circulating irisin concentration and
energy intake; no association was observed [47].

In a longitudinal study that included 405 young adult men and 204 women, base-
line energy intake was inversely associated with follow-up leukocyte telomere
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length in men, but not in women [48]. In another longitudinal study among 101
women and 47 men aged 20-59 years, no difference in telomere length over a
10-year follow-up period was observed between those participants who gained
weight and those who kept their body weight constant [49]. Epigenetic modifica-
tions have, to our knowledge, not been examined in connection with total energy
intake. However, in an analysis of 149 participants of the North Texas Healthy Heart
Study a prudent dietary pattern rich in vegetables and fruits was associated with a
lower prevalence of DNA hypomethylation [50].

The number of studies that examined the association between energy intake and
inflammation markers in the general population is rather small. In a study with
151 middle-aged Greek participants, no association between energy intake and
serum concentrations of C-reactive protein (CRP), a non-specific marker of inflam-
mation, was observed, but better diet quality was inversely associated with lower
CRP levels [47]. In an analysis of the National Health and Nutrition Examination
Survey (NHANES), diet composition, including energy intake, had only little or no
association with CRP concentration [51].

Physical Activity

In several cross-sectional studies, physical activity was related to lower concentra-
tions of insulin or C-peptide [52-55], although not all studies showed statistically
significant associations after adjustment for confounders [56]. NHANES analyses
showed inverse associations of different types and levels of physical activity, even
light activity, with fasting insulin concentrations [57, 58]. Physical activity increases
muscle glucose uptake and muscle insulin sensitivity in the post-exercise period,
which is thought to be due to increased sarcolemmal content of the glucose trans-
porter GLUT4 [59].

Associations of physical activity with the IGF system components are inconsis-
tent. In the Coronary Artery Risk Development in Young Adults Study (CARDIA)
cohort, increased physical activity was associated with a decrease in IGFBP-3, but
was not associated with IGF-1 [60]. In a German cross-sectional study, peak exer-
cise capacity was not associated with IGF-1 concentration in men [61], whereas a
study among Asian men observed an inverse association between physical activity
and IGF-1 concentrations [39]. It has been speculated that differences by race/eth-
nicity, age or different categorization of the exposure variables, in particular obesity
and physical activity, might explain the heterogeneity in results.

Several studies provided evidence that physical activity and fitness levels are
generally associated with blood lipids [62]. In a study of 183 nonsmoking white
men (35-53 years old), waist circumference was inversely associated with HDL
cholesterol, where physical fitness was positively associated with HDL. Stratified
by obesity status and fitness level, those men who were fat and fit had higher HDL
levels than those who were fat and unfit [63]. A study of 12 lean and 26 obese sed-
entary men and 18 master athletes (mean age 65 years) observed that total and LDL
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cholesterol levels were comparable between these three groups, but HDL choles-
terol levels were higher in master athletes than in obese sedentary men and lean
sedentary men, and in lean sedentary men than in obese sedentary men. Triglyceride
concentrations were similar in master athletes and lean sedentary men, but higher in
obese sedentary men [64]. However, the question of an interaction between obesity
and physical fitness/activity is still understudied and, hence, a matter of debate.

In a cross-sectional analysis of NHANES III data, physical activity was posi-
tively associated with total and free testosterone, but not with estradiol or sex
hormone-binding globulin (SHBG) concentrations [65]. In an analysis of continu-
ous NHANES data, non-obese men with more physical activity had a reduced odds
of low or low normal testosterone concentrations, but this was not seen in obese
men [66]. A Danish cross-sectional study reported lower testosterone in men watch-
ing many hours of television, but no associations were observed for time spent in
front of the computer or time spent on physical activity [67]. These examples illus-
trate that the associations of physical activity and sedentary behavior with circulat-
ing sex steroid concentration are still unclear.

In a cross-sectional study including 3640 non-diabetic British men aged 60-79
years, leptin concentrations decreased significantly with increasing physical activ-
ity [68]. Similar inverse associations were observed in the Health Professionals
Follow-up Study [42] and the CARDIA study [69]. In the Miami Community Health
Study, the inverse association between leptin and physical activity among men was
independent of percent body fat and insulin, suggesting that activity may act directly
on leptin or leptin resistance [70]. Associations of physical activity and adiponectin
concentrations are less frequently studied than leptin. One Japanese study observed
that circulating levels of adiponectin were positively correlated with physical fitness
after taking BMI into account, but there was no association with physical activity
per se [71], whereas an older Japanese study did see a positive association between
physical activity and adiponectin concentrations [72].

In a Spanish cross-sectional study including 428 men and women, circulating
irisin concentrations were higher in active than in sedentary individuals [73].

Quite a number of studies have examined associations between physical activity
and telomere length. However, a review that included 37 studies concluded that the
association remains unclear [74]. Although the authors noted a tendency toward an
effect of exercise on telomere length, many of these results were not statistically
significant. In the Copenhagen City Heart Study short telomere length was
cross-sectionally associated with physical inactivity, but a change in leukocyte telo-
mere length during 10 years was not associated [75].

In two US cohort studies, physical activity was inversely associated with plasma
levels of the following inflammatory markers: sTNF-R1, sTNF-R2, interleukin-6
(IL-6), and CRP. However, adjustment for BMI and leptin attenuated most of these
associations [55], suggesting that the association between physical activity and sys-
temic inflammation is at least partly explained by a lower degree of obesity in physi-
cally active subjects.

Physical activity is positively associated with circulating vitamin D concentra-
tion, as observed in several epidemiological studies. For example, in an analysis of
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NHANES data, an increase of 10 min of moderate-to-vigorous activity per day,
irrespective of being self-reported or measured by accelerometer, was associated
with an increase in circulating vitamin D levels [76]. The odds ratio (OR) for being
vitamin D deficient (<20 ng/mL) comparing being insufficiently active with being
sufficiently active was 1.32 (95% CI 1.11-1.57). Interestingly, these associations
were not stronger for self-reported outdoor activities compared with indoor activi-
ties. Similarly, a French study showed an association between physical activity and
vitamin D, even after adjusting for sun exposure and practice of outdoor hobbies or
sports [77]. In contrast, in another US study, physical inactivity was a major modifi-
able predictor of low vitamin D status [78]. Effects of physical activity on serum
phosphate concentrations and/or parathyroid hormone production are thought to
increase vitamin D concentrations independent of sun exposure [79].

Obesity

Positive associations between overall obesity, expressed by BMI or abdominal obe-
sity, with circulating levels of insulin and C-peptide have been reported in several
cross-sectional studies [56, 80-82]. Several studies also examined cross-sectionally
how IGF-1 is associated with obesity. However, the findings observed are quite
heterogeneous. In an analysis of NHANES III data, IGF-1 decreased with increas-
ing BMI and waist circumference [83]. They did, however, not examine the associa-
tion with IGFBP-3 or the ratio as an indicator of free IGF-1 concentration. In the
CARDIA study, higher BMI, but not larger waist circumference, was associated
with lower IGF-1; neither BMI nor waist circumference was related to IGFBP-3
concentrations [60]. Among 1142 male participants in the EPIC cohort, IGF-1 con-
centrations were associated with BMI in an “inverse” U-shaped manner: men with
BMI of 26-27 kg/m?* had the highest IGF-1 serum levels, but IGFBP-3 concentra-
tions were not associated with BMI [84]. This pattern has also been reported in a
Swedish study [85]. In a recent Danish study including 1493 men, circulating IGF-1
levels were inversely associated with all anthropometric markers adjusting for age,
alcohol consumption, smoking and physical activity [86]; IGFBP-3 concentrations
were not evaluated. In a German cohort, inverse linear and quadratic associations
between anthropometric parameters and serum IGF-1 were found. Additionally,
men with high waist circumference more often had low serum IGF-1 and less often
had high serum IGF-1 levels compared to men with low waist circumference [87].
In a study among Chinese men, IGF-1 was positively associated with BMI, as was
IGFBP-3 [39]. Other studies observed no associations of IGF-1 and/or IGFBP-3
concentration with obesity (for example, [88]).

Numerous studies have shown a cross-sectional association between obesity and
blood lipids [89, 90]. Both overall obesity and abdominal obesity tend to be posi-
tively associated with total and LDL cholesterol as well as triglyceride concentra-
tions, but inversely with HDL cholesterol.
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Variations in the fatty acid synthase (FASN) gene in relation to differences in
BMI have been examined in several studies. In non-diabetic Pima Indians, a
Val1483Ile polymorphism (GTC to ATC) was associated with percentage of body
fat. Compared with homozygotes for the Val variant, subjects with Ile/x had a lower
mean percentage of body fat (30 £ 1% vs. 33 = 1%, P = 0.002; adjusted for age, sex,
and family membership), resulting in a lower mean carbohydrate oxidation rate
[91]. In a German study, Caucasians boys with Ile/Val genotype compared to Val/
Val had a lower BMI standard deviation score (SDS; —0.36 + 0.29 vs 0.09 = 0.05,
P < 0.05), whereas the opposite was observed in girls (0.48 £ 0.19 vs 0.09 + 0.05,
P < 0.05) [92]. A third study, conducted among mostly Caucasian women, found
that two SNPs in FASN were associated with obesity [93]. Lastly, a US study showed
that men with the homozygous AA (vs. GG) variant of rs1127678 in FASN had an
approximately 2% higher BMI [94]. A German study including 196 lean or obese
participants observed that increased FASN gene expression in adipose tissue was
linked to visceral fat accumulation, but also impaired insulin sensitivity and
increased circulating fasting insulin, as well as an increase in IL-6, leptin and retinol
binding-protein 4 [95].

A common missense polymorphism in PPARG is the Prol2Ala polymorphism.
In a meta-analysis that included 25 studies, the combined results showed that the
PPARG Prol2Ala polymorphism was positively associated with obesity (Ala vs.
Pro: OR =1.55,95% CI 1.34—1.80; Pro/Ala vs. Pro/Pro: OR =1.54, 95% CI 1.31-
1.82; Ala/Ala & Pro/Ala vs. Pro/Pro: OR = 1.61, 95% CI 1.36-1.90) [16].

In a small Japanese study, plasma concentrations of 8-epi-prostaglandin
F2alpha (PGF2a) were significantly positively correlated with BMI, body fat
weight, visceral and total fat area in obese and non-obese men [96]. A positive asso-
ciation of urinary PGF2a with visceral fat accumulation was also observed in
another Japanese study [97]. In a small US study, higher BMI was positively associ-
ated with higher prostaglandin E2 (PGE2) concentration in rectal mucosa, whereas
having more leisure-time physical activity was inversely associated with PGE2 con-
centration [98]. Urinary 8-isoprostane levels were positively associated with body
weight and waist circumference in a small European study [99].

Hardly any epidemiological data exists on the association of VIP and energy
imbalance in humans. A US study that included 1000 white participants used
genome-wide analysis to examine factors that were associated with BMI and body
fat mass [100]. Of the almost 1000 pathways analyzed, the VIP pathway was most
strongly associated with fat mass and the third most strongly associated pathway
with BMI.

Sex steroid hormones have been examined in much detail with respect to their
association with obesity. In a review from 2010, 18 of the 20 studies observed
inverse associations between testosterone concentration and BMI; 15 of 16 studies
found SHBG also to be inversely related with BMI, and 10 of 12 reported an inverse
relationship between free testosterone and BMI [101]. Four of the ten studies mea-
suring estradiol observed a positive relationship with BMI, while the remaining
studies did not observe any statistically significant association. Studies conducted in
NHANES III and published after this review observed that increased body fat was
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associated with lower circulating levels of testosterone (total and free) and SHBG
and higher circulating levels of free estradiol in men. This was true for body fat as
measured by dual-energy X-ray absorptiometry [102], as well as anthropometric
measures such as BMI and waist circumference [103]. In the BACH study, the
authors observed the same associations cross-sectionally in men [104]. In addition,
their longitudinal analyses support the hypothesis that body composition affects
hormone levels and not the reverse.

Body weight and obesity have extensively been studied in relation to leptin con-
centrations with mostly positive associations (e.g., [56]). In one of the earliest stud-
ies, percent body fat was positively associated with leptin concentrations in a US
population, but interestingly abdominal fat was not independently associated with
leptin [105], which was confirmed in a later study among Japanese adults [106]. In
30 abdominally obese men with insulin resistance, most of the individual variation
in serum leptin concentration was explained by the amount of subcutaneous abdom-
inal adipose tissue, insulin sensitivity, and BMI [107]. The opposite is true for the
association of body fat and obesity with blood concentrations of adiponectin: gen-
erally, inverse associations between indicators of obesity and adiponectin are
observed in cross-sectional studies [108—110]. In a prospective study conducted
among 247 healthy men from the Health Professionals Follow-up Study, men in the
highest quintile of plasma leptin (mean = 12.1 ng/mL) weighed more, were less
physically active, and had higher circulating insulin levels than men in the lowest
quintile (mean = 2.7 ng/mL). After adjustments for baseline age, weight, height,
smoking status, alcohol intake, and physical activity, each 10 ng/mL increase in
plasma leptin concentration was associated with a 1.68 kg (95% CI 0.14-3.18 kg)
weight gain over the 4-year follow-up period. The observed association between
leptin level and weight gain was limited to men with a baseline BMI > 25 kg/m?
[111]. In the CARDIA study, leptin concentrations were positively associated with
BMI [69]. However, 8-year weight change was not related to initial leptin concen-
tration, but leptin change correlated highly with weight change. In a prospective
Japanese study among 1003 middle-aged participants, a change in body weight over
a 5-year period was inversely associated with the change in adiponectin concentra-
tion, such that men who reduced their body weight by 2 kg or more were 2.56 (95%
CI 1.21-5.42) times more likely to be in the upper tertile of adiponectin change than
those who gained >2 kg, independent of their baseline body weight [112]. The
Rancho Bernardo Study also observed a positive association for changes in body
weight with baseline leptin concentrations and an inverse association with baseline
adiponectin [113]. However, the authors concluded that their results suggest that the
levels of leptin and adiponectin may simply follow rather than influence an indi-
vidual’s weight changes.

In sedentary participants of a Spanish cross-sectional study, irisin levels were
positively associated with BMI, but this association was not seen in physically
active individuals [73]. Interestingly, neither percent fat mass nor waist-to-hip ratio
was statistically significantly associated with irisin concentration in either group of
participants. In a German study with 40 participants, obese individuals had higher
plasma irisin concentrations compared to normal weight and anorexic patients.
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Plasma irisin was also positively correlated with fat mass and fat-free mass [114]. In
a study with 117 healthy women, circulating irisin concentrations were non-
significantly positively correlated with BMI and more strongly positively associated
with fat-free mass [115].

In a GWAS analysis, increased BMI in adults of European origin was associated
with increased DNA methylation in white blood cells and in adipose tissue at the
HIF3A locus, a component of the hypoxia inducible transcription factor (HIF)
[116]. Associations between the methylation of genes with biologically plausible
relationships to adiposity were detected in an epigenome-wide study conducted
among US cohorts. Top differences in DNA methylation by obesity status were
found for CPTIA, which encodes carnitine palmitoyltransferase 1A, the rate-
limiting enzyme for mitochondrial fatty acid oxidation, PHGDH, which encodes
the phosphoglycerate dehydrogenase enzyme that catalyzes the first step in the
phosphorylation pathway of serine biosynthesis, CD38, an immunologically rele-
vant gene expressed in CD41 T-cells, and long intergenic non-coding RNA 00263
[117]. This study, however, did not observe statistically significant associations
between HIF3A methylation and obesity. In a small study with 73 obese patients,
level of methylation of the adiponectin gene locus in subcutaneous adipose tissue
was positively associated with BMI and waist circumference, whereas level of
methylation of the leptin gene in white blood cells was inversely associated with
BMI [118]. In a Spanish study that included 60 women, differences between normal-
weight and overweight/obese individuals were observed in the methylation status of
CpG sites of CLOCK (CpGs 1, 5-6, 8 and 11-14) and of BMALI (CpGs 6-7, 8, 15
and 16-17) [119].

A meta-analysis on the association between obesity and telomere length, which
included 12 studies, concluded that telomere length was statistically significantly
shorter in obese than normal weight individuals, but the study also noted strong
heterogeneity among the studies [120]. In a German cohort, weight gain during
adulthood was inversely associated with leukocyte telomere length cross-sectionally,
but there was no association between weight gain and change in telomere length
over time. Looking at different compartments of adipose tissue, a German study that
included 47 lean and 50 obese participants observed shorter telomere length in sub-
cutaneous compared to visceral adipose tissue. Shorter telomere length in subcuta-
neous adipose tissue was entirely due to shorter telomere length in the stromal
vascular fraction, compared to visceral adipose tissue [121]. A recent study in the
Health Professionals Follow-up Study measured telomere length in cancer and
benign cells of 596 prostate cancer patients. Overweight/obese men had 7.4%
shorter telomeres in stromal cells than normal weight men. The least active men had
shorter telomeres in stromal cells than more active men. Men who were overweight/
obese and the least active had the shortest telomeres in stromal cells (20.7% shorter),
compared with normal weight men who were the most active. Cancer cell telomere
length and telomere length variability did not differ by measures of adiposity or
activity [122]. The Copenhagen City Heart Study, which evaluated both cross-
sectional and prospective associations, observed that short telomere leukocyte
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length was cross-sectionally associated with increased BMI, but change in telomere
length over 10 years was not associated with BMI [75].

A wide range of inflammatory markers has been evaluated in the context of
obesity. One of the most exhaustive studies so far was conducted within the Prostate,
Lung, Ovarian and Colorectal Cancer Screening Trial [56]. Of 78 inflammation-
related biomarkers, 12 were positively associated with BMI, including C-reactive
protein (CRP) and soluble TNF receptor-II (sTNFR-II). However, no statistically
significant associations were seen for IL-6 and IL-1Ra. In an analysis of the
Framingham Heart Study, CRP and TNFRII were also associated with baseline
BMI, whereas IL-6 was associated with waist circumference [123].

Vitamin D is widely discussed as a potential mediator of the association between
obesity and cancer. In a meta-analysis of 12 observational studies, the random
effects analyses showed a pooled RR of 1.52 (95% CI 1.33-1.73) for the association
between low vitamin D status (<50 nmol/L) and obesity (BMI > 30 kg/m?;
OR = 1.52, 95% CI 1.33-1.73); however, the I? statistic suggested heterogeneity
among the studies [124]. Different mechanisms might explain the inverse associa-
tion between circulating vitamin D concentration and obesity. First, adipose tissue
is considered a storage site for vitamin D, which is fat-soluble, leading to a lower
blood concentration of vitamin D in individuals with higher fat mass [125]. Second,
obese individuals less frequently engage in outdoor activities and/or may dress dif-
ferently leading to lower endogenous vitamin D production [126].

Intervention Studies of Mediators of Energy Imbalance:
Prostate Cancer Associations

The following section describes intervention studies for energy metabolism indica-
tors aimed at altering any of the above-mentioned mediators of energy imbalance—
prostate cancer associations. Interventions are categorized as diet or exercise
interventions.

Diet Interventions

As we are interested in mediators of the energy imbalance—prostate cancer associa-
tion, this section only focuses on calorie restriction diets. An overview of interven-
tion studies published in the last 5 years is provided in Table 5.1, which summarizes
the type of diet and the mediators investigated. The section below describes some of
these studies in more detail.

Several of the mediators listed above have been studied together in a single inter-
vention setting. For example, a study based on a 3-year long clinical intervention
involving daily 100-kcal energy deficits for 122 overweight/obese participants
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observed that successful weight loss participants (reduction of at least 2 kg) exhib-
ited significantly reduced insulin, triglycerides, total and LDL cholesterol, free
fatty acids, and leukocyte count (P =0.030) [127]. A small study based on 42 obese
men and women who underwent eight weeks of (partial) formula diet (so that one
meal per day was reduced to 300 kcal), showed significant decreases in levels of
high-sensitive CRP, IL-6, or TNF-a [128]. Furthermore, serum IL-1p, IL-6, and
urinary PGF2a were significantly reduced (45%, 30%, and 14%, respectively). In
contrast, the unsuccessful weight loss group exhibited significant increases in per-
centage of body fat, waist circumference, oxidized LDL, and TNF-a, as well as a
significant decrease in HDL. An 8-week intervention trial randomized 324 subjects
to one of four energy-restricted diets (—30% relative to estimated requirements):
salmon (3 x 150 g/week); cod (3 x 150 g/week); fish oil capsules (1.3 g/day); and
control (sunflower oil capsules, no seafood). Overall, salmon consumption was
most effective with a decrease in the following inflammation parameters: high-
sensitivity CRP—32.0%; IL-6—18.4%; prostaglandin F2 alpha—18.5%; all
P < 0.05. Cod consumption decreased high-sensitivity CRP and IL-6 (-21.5 and
—10.8%, respectively, both P < 0.05). Changes in the other two groups were not
significant [129].

Caloric restrictions have also been investigated with a focus on changes in sex
steroid hormones. A dietary intervention with a very low calorie diet (800 kcal/
day) for 12 weeks in 13 obese men was found to increase total testosterone
(6.97 nmol/L to 13.21 nmol/L; P = 0.001) and SHBG (22.11-42.12 nmol/L;
P =0.001) concentrations in serum [130].

Additionally, adiponectin has been shown to be affected by dietary restric-
tion. A 6 month behavioral intervention study comparing standard calorie- and
fat-restricted diet and a calorie- and fat-restricted lacto-ovo-vegetarian diet
including 143 overweight/obese adults showed that weight loss, irrespective of
diet type, increased adiponectin levels [131]. Another study based on 82 health
subjects showed that leptin levels decreased following a very low energy diet for
8 weeks [132].

Effects on irisin have been studied less. An intervention study based on 93
Caucasian adults diagnosed with metabolic syndrome showed depletion of irisin
as well as serum lipid markers following an 8-week-long energy-restricted pro-
gram [133].

To date no intervention study specifically focused on diet and epigenetics from
a calorie restriction point of view. However, this is an area of interest as some stud-
ies in other fields have found promising results. For instance, Scoccianti et al. stud-
ied a group of 88 smokers randomly assigned to three diets: a normal isocaloric diet,
a diet enriched in flavonoids and isothiocyanates, and a regimen consisting of a
normal isocaloric diet supplemented with flavonoids (green tea and soy products)
[134]. Three distinct patterns of methylation were observed, suggesting that the
isocaloric diet may stabilize global epigenetic (LINE1 DNA methylation) patterns
in peripheral white blood cells, but the study did not provide evidence for methyla-
tion changes in specific genes associated with this short-term dietary intervention
[134].
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Table 5.1 Overview of dietary intervention studies investigating effects on mediators of the
energy imbalance-prostate cancer association

Study Dietary intervention Mediator studied
Acharya (2013) Standard calorie- and fat-restricted diet (STD-D) and | Adiponectin
[131] a calorie- and fat-restricted lacto-ovo-vegetarian diet
(LOV-D)
Calbet (2014) Combining caloric restriction (CR: 3.2 kcal/kg body | IGF-1
[139] weight per day) with exercise (8-h walking + 45-min | Lipogenic pathway
arm cranking per day) to induce an energy deficit of | Sex steroid
~5000 kcal/day hormones
Leptin
Camps (2015) Very low energy diet for 8 weeks Leptin
[132]
Chae (2013) Daily 100-kcal calorie deficits Lipogenic pathway
[127] Prostaglandin
Inflammation
de la Iglesia 8-week-long energy-restricted program (=30% of Lipogenic pathway
(2014) [133] the energy requirements) Irisin
Hussain (2012) Low-carbohydrate ketogenic diet compared with the | IGF-1
[140] low-calorie diet Lipogenic pathway
Goto (2014) Standard low-protein diet Vitamin D
[137]
Ibero-Baraibar 15% energy restricted diet for 4 weeks Inflammation
(2015) [136] Vitamin D
Lecoultre (2011) | Three forms of calorie restriction: 25% calorie Leptin
[141] restriction from baseline, same with exercise, or low
calorie diet
Moller (2015) (Partial) formula diet Inflammation
[128]
Ornish (2013) Comprehensive lifestyle intervention Telomere length
[135]
Ramel (2010) Four different energy restriction diets Inflammation
[129]
Rock (2012) 2-Year clinical trial of a weight-loss program Vitamin D
[138]
Schulte (2014) Very low calorie diet (800 kcal/d) for 12 weeks Sex steroid
[130] hormones
Tang (2013) Prescribed weight-loss diet with 0.8 versus 1.4 g IGF-1
protein kg/day Lipogenic pathway
Tapsell (2014) Two energy deficit healthy diet advice groups IGF-1
[142] differing only by doubling the serving (portion) sizes | Lipogenic pathway
of vegetables in the comparator group
Rezaeipour Negative calorie and low calorie diet with exercise Lipogenic pathway
(2014) [143]
Ruth (2013) High fat, low carbohydrate diet compared to low fat | IGF-1
[144] high carbohydrate diet Lipogenic pathway
Adiponectin

Inflammation
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To our knowledge, only one pilot intervention study investigated how energy
restriction affects telomere length [135]. Based on ten men in the intervention
group (comprehensive lifestyle changes related to diet, activity, stress management,
and social support) and 25 men in the control group, the intervention was associated
with an increase in relative telomere length after 5 years of follow-up. These results
point towards the need for larger randomized controlled trials.

Vitamin D has been investigated substantially in the context of obesity [124],
however most intervention studies to date focus on the effects of vitamin D supple-
mentation as an intervention rather than vitamin D levels as an outcome. A random-
ized study by Ibero-Baraibar et al. found that serum levels of vitamin D increased
following a 15% energy-restricted diet for 4 weeks [136], whereas levels of markers
of inflammation such as CRP, TNF-a, and IL-6 decreased. Another study evaluating
the effects of a standard low-protein diet on 1,25-dihydroxyvitamin D levels in
patients with early (n = 15) and advanced (n = 20) chronic kidney disease observed
that the intervention increased levels in the early group, but decreased levels the
advanced group [137]. Rock and colleagues assessed data from 383 overweight or
obese women who participated in a 2-year clinical trial of a weight-loss program, in
which 51% lost at least 5% of baseline weight by 24 months, 18% lost 5-10%, and
33% lost >10% [138]. By study end, 64% of overweight or obese women had rec-
ommended serum vitamin D concentrations of 20 ng/mL as well as 83% of those
whose weight loss achieved a normal BMI. These findings suggest that weight loss
is associated with increased serum vitamin D concentration in overweight or obese
women.

Exercise Interventions

An overview of exercise intervention studies published in the last 5 years is pro-
vided in Table 5.2, summarizing the type of exercise and the mediators investigated.
The section below describes some of these studies in more detail.

With respect to insulin, a meta-analysis synthesized the insulin sensitivity out-
comes of supervised exercise interventions [145] using 78 reports and reported that
the exercise intervention lead to a higher mean insulin sensitivity. Numerous studies
have also reported that aerobic exercise reduces serum lipid levels such total and
LDL cholesterol and increases HDL cholesterol [146—-150].

Even though prostaglandins are suggested to be a mediator for the link between
energy and prostate cancer, no exercise intervention studies have yet investigated
effects on prostate tissue. For colon mucosa, no difference in mean prostaglandin
concentrations in tissue between exercisers and controls was found in a 12-month
randomized controlled trial (RCT) [151]. In contrast, an RCT based on 41 men and
22 women investigating concentrations of prostaglandin E2 in rectal mucosa found
that higher BMI was associated with higher prostaglandin E2 levels and higher
levels of leisure-time physical activity were inversely associated with prostaglandin
E2 levels [98].
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Table 5.2 Overview of exercise intervention studies investigating effects on mediators of the
energy imbalance—prostate cancer association

Study Exercise intervention Mediator studied

Ackel-D’Elia Leisure physical activity, aerobic training and Leptin

(2014) [156] aerobic training plus resistance training

Beavers (2013) Control group, physical activity group, and Inflammation

[157, 164] physical activity and diet group

Cameron (2016) Acute 3-d isocaloric 25% energy depletion by Leptin

[158] dieting alone or by aerobic exercise alone

Chan (2012) [163] Exercise and nutrition, problem solving, and Vitamin D
control arm

Chow (2015) [150] | Tobacco, Exercise and Diet Messages (TEXT Lipogenic pathway
ME) trial

Conn (2014) [145] Meta-analysis of supervised exercise Insulin
interventions

Gordon (2014) Aerobic exercise Lipogenic pathway

[146]

Jakicic (2015) [148] | Six-month behavioural weight loss intervention | Lipogenic pathway

that included weekly group sessions, a
prescribed energy-restricted diet, and moderate
to vigorous physical activity

Khoo (2013) [154]

Low volume and high volume moderate-
intensity exercise

Sex steroid hormones

Kim (2015) [161] Elastic band exercise program consisted of 12 Irisin
weeks of 1-h session 2 days per week
Lima (2015) [159] Aerobic training and aerobic plus resistance Inflammation

training on the plasma levels of interleukin-6
(IL-6) and tumor necrosis factor alpha (TNF-a)
of elderly hypertensive subjects

Maclaren (1995)

90 min of treadmill running

Vasoactive Intestinal

[152] Peptide

Mendham (2014) Cycling, small-sided games, or sedentary Inflammation
[165] control for 8 weeks

Monteiro (2015) Two randomized training groups, concurrent or | Lipogenic pathway
[147] aerobic, for 20 weeks

Sjogren (2014) The intervention group received individualized | Telomere length
[162] physical activity on prescription

Stoke (2013) [155]

Resistance, spring and endurance exercise

Sex steroid hormones

Tapsell (2015) [149] | 12 month randomised controlled trial testing Lipogenic pathway
effects of a novel interdisciplinary lifestyle
intervention versus usual care

Qiu (2015) [160] Meta-analysis of chronic exercise training Irisin

VIP has also been studied as a marker in exercise RCTs. A small study based on
six male endurance runners and six male hockey players evaluated plasma VIP lev-
els before and after 90 min of treadmill running and observed significant increases
[152]. However, no other studies have investigated in detail the effects of physical
activity on VIP levels.
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With respect to sex steroid hormones, a recent RCT found no effect of lifelong
training history on serum testosterone, cortisol, and SHBG when comparing 20 life-
long exercising males with 28 age-matched lifelong sedentary individuals [153].
However, another RCT comparing the effects of low volume and high volume
moderate-intensity exercise among 90 men abdominally obese, sedentary Asian
men only found an increase in testosterone for those in the high volume group
(2.06 £ 0.46 nmol/L) [154]. These differences may be potentially due to the differ-
ences in type of exercise, as already suggested following another study investigating
hormone responses to resistance, spring and endurance exercise in eight young men
using a repeated measures design in which each subject served as his own control.
The nature and magnitude of the hormone response were influenced by exercise
type. For instance, only endurance and sprint exercise increased growth hormone,
cortisol, prolactin and testosterone. Resistance exercise only increased testosterone
and glucose [155].

Seventy two German obese adolescents randomized to leisure physical activity,
aerobic training and aerobic training plus resistance training found a reduction in
leptin levels for both aerobic training arms [156]. The already stated effect of a
combination of physical activity and weight loss was also observed in a study from
North Carolina measuring adiponectin, leptin, high-sensitivity interleukin (hsIL)-6,
IL-6sR, IL-8, and soluble TNFR between a control group, physical activity group,
and physical activity and diet group [157]. The combination of diet and physical
activity reduced leptin and hsIL-6 levels more than physical activity alone. Another
recent study based on ten male participants in a randomized crossover study of
acute 3-day isocaloric 25% energy depletion by dieting alone or by aerobic exercise
alone showed no changes in plasma concentrations of leptin over time [158]. Finally,
an RCT based on 44 volunteers aged 60—75 studied changes in inflammatory blood
markers over 10 weeks in an aerobic group, resistance plus aerobic group and con-
trol group. After the intervention, IL-6 was reduced in the aerobic group compared
to the control group (p = 0.04), and TNF-a levels were lower only in the resistance
plus aerobic group compared to the control group (P = 0.01) [159].

Exercise has also been found to reduce levels of irisin. A recent meta-analysis
evaluated the effects of chronic exercise training on circulating irisin in adults.
Three randomized controlled trials (RCTs) showed that chronic exercise training
moderately and statistically significantly decreased circulating irisin level
(d=-0.46;95% CI —0.76 to —0.15) [160]. A more recent RCT based on female 50
participants over 65 years old found that resistance training might be an efficient
intervention to increase irisin levels [161].

To our knowledge no intervention study has investigated the effects of exercise
on epigenetics. Its effects on telomere length have been studied in one study that
measured blood cells 6 months apart in 49 68-year-old, sedentary, overweight indi-
viduals taking part in a randomized controlled physical activity intervention trial
[162]. Reduced sitting time was associated with telomere lengthening in blood cells
in this sedentary population.

Finally, many studies have investigated the effects of vitamin D supplements on
wellbeing, but few studies have focused on the effects of exercise on circulating
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vitamin D levels. A Taiwanese study based on 117 adults aged 65-79 years com-
pared an exercise and nutrition arm and a problem-solving therapy arm to controls
[163]. Those in the exercise and nutrition arm had larger increase in serum 25(OH)
vitamin D levels than the other two groups (P = 0.006).

Conclusion

Despite a wide variety of both cross-sectional and intervention studies available,
findings are rather inconsistent for most of the proposed mediators of the energy
imbalance-prostate cancer association. General patterns from observational and/or
intervention studies include potentially beneficial associations/effects of energy bal-
ance on insulin levels and lipid metabolism, inflammation, and irisin. Study results
are inconsistent for energy balance and sex steroid hormones, leptin, and adiponec-
tin. Few studies have been conducted on the link between energy balance and pros-
taglandins and VIP. Epigenetics and telomere length are emerging areas of research
potentially influenced by energy balance with promising results from intervention
studies. Despite the potentially beneficial health effects of vitamin D, few studies
have investigated how reducing energy imbalance may affect its circulating levels.

Hence, there is a need for a standardized way of reviewing the vast amount of
research on the biological processes (or mechanisms) underlying the effects of life-
style factors on prostate cancer risk. The ongoing “Mechanisms research project” of
the World Cancer Research Fund and the University of Bristol will in the future help
us collate and review such research [166]. The teams are pioneering a new ground-
breaking method of identifying mechanisms by which lifestyle factors cancer cause
cancer in a comprehensive and systematic way. It involves a new online tool to
automate the process and enable hundreds of thousands of studies to be identified
and sifted. It will allow researchers to identify mechanistic studies on a specific
exposure and outcome. The methods are currently being tested by researchers in the
Netherlands and Germany, with a full validation study expected to take place next
year [166].
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Chapter 6

Impact of Metabolic Factors on Screening,
Early Detection, and Management of Prostate
Cancer

Daniel S. Han and J. Kellogg Parsons

Abstract In this chapter, we review the influence of energy imbalance on prostate
cancer screening, diagnosis, and management. The influence of obesity on prostate
cancer screening, diagnosis, and management is substantial and complex. Obese
men have lower serum PSA, a tool to used to screen for prostate cancer, and larger
prostate volume, which may lead to a reduced likelihood that an extant, but occult
tumor without lethal potential is ever detected, while that same delay may lead to
more advanced stages of disease at diagnosis and corresponding increases in pros-
tate cancer mortality. Obesity can adversely affect the efficacy and safety of the
treatment of prostate cancer with surgery or radiation. Development of an optimal
framework to guide decision-making for prostate cancer screening, risk stratifica-
tion, and management in obese men is needed.

Keywords Prostate cancer screening ® Prostate cancer management * Body mass
index ° Prostate specific antigen ® Prostate volume

Introduction

Since the advent of widespread prostate cancer screening with prostate-specific
antigen (PSA) and digital rectal examination (DRE) in the 1990s, the incidence of
advanced disease at time of diagnosis has decreased by 80% [1] and age-adjusted
prostate cancer mortality has decreased by approximately 40% [2]. Although poten-
tially due in part to lead time bias after earlier detection, decreased prostate cancer
mortality has largely been attributed to treatment of screen-detected tumors [3-5].
Two randomized trials involving over 180,000 European men observed robust
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overall survival benefits in those who underwent PSA screening, thus confirming its
efficacy to diminish prostate cancer mortality [6—8].

Screened men who are at-risk for prostate cancer—i.e., those with high serum
concentrations of PSA and/or an abnormal DRE—are offered trans-rectal or trans-
perineal prostate biopsy using ultrasound guidance with or without magnetic reso-
nance imaging (MRI). Men diagnosed with prostate cancer from biopsy are then
risk-stratified according to a series of clinical variables—Gleason grade, PSA, and
clinical staging—to guide treatment decisions. Treatments for early-stage, screen-
detected prostate cancer include surveillance, surgery, radiation, and ablation with
cryosurgery or high-intensity focused ultrasound.

Metabolic disturbances and modifiable risk factors of disease that result from
energy imbalances—including body mass index (BMI) and obesity—can poten-
tially influence PSA concentrations and other components of prostate cancer screen-
ing. In this chapter, we discuss the effects of metabolic factors on prostate cancer
screening and diagnosis.

Prostate Cancer Screening: Concepts and Controversies

Prostate cancer population screening consists of periodic PSA testing and DRE. Prior
to the availability of the PSA test, the DRE was the sole method for prostate cancer
screening [9]. DRE is noted to have high inter-observer variability, poor sensitivity,
and limited specificity [10]. The addition of PSA testing improves the positive pre-
dictive value of DRE for prostate cancer to as much as 83%, depending on PSA
level [11]. DRE may potentially help identify aggressive cancers in patients with
lower (<2.5 ng/mL) PSA values [12].

PSA is a serine protease secreted from acinar epithelial cells of the prostate and
is a member of the kallikrein family. It circulates in serum via bound and unbound
forms and is used to estimate the risk of prostate cancer. However, PSA is not a
prostate cancer-specific biomarker: up to 75% of men with an elevated serum PSA
between 4 and 10 ng/mL who undergo prostate biopsy do not have cancer [13].

In fact, aggressive screening, diagnosis, and treatment of early-stage prostate
cancer has generated debate regarding over-detection: the diagnosis of screen-
detected indolent prostate cancer that, left untreated, would otherwise not provoke
symptoms or diminish overall or prostate cancer-specific survival. Over-treatment
of screen-detected indolent cancers may expose patients to substantial risks of mor-
bidity without a corresponding survival benefit [14]. In 2012, the U.S. Preventive
Services Task Force (USPSTF) concluded from the available evidence that the
potential harms of PSA testing outweigh its potential benefits and recommended
against population-based screening for prostate cancer [15].

However, Level I evidence supports the benefits of screening. The European
Randomized Study of Screening for Prostate Cancer (ERSPC) [6, 16] was a multi-
national trial of 182,160 men aged 55—69 years randomized to a control or screening
arm from 1991 to 2003. Men in the screening arm underwent PSA testing every
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2—4 years, with biopsy performed for PSA > 3.0 ng/mL. After a median follow-up
of 11 years, the screening group had a 21% relative risk reduction in prostate cancer
death; the number needed to screen to prevent 1 prostate cancer death was 1055.
The Goteborg trial [7] was a population-based PSA screening study of 20,000 men
aged 50-64 years randomized to biennial PSA screening versus control. In the
screening arm, there was a 44% relative risk reduction in prostate cancer-specific
mortality at a median follow-up of 14 years.

While a third randomized trial, the prostate arm of the U.S. Prostate, Lung,
Colorectal, and Ovarian (PLCO) Cancer Screening Trial [17, 18], showed no benefit
to screening, the PLCO could not effectively assess the effect of PSA-based screen-
ing on prostate cancer mortality because of excessive contamination of the control
arm with screened men. For example, 74% of men in the control arm were screened
at least once, and 44% of the men had at least 1 PSA test prior to the study. Thus,
the PLCO arm could not effectively test whether a screening intervention reduced
prostate cancer mortality.

Still, maximizing the early detection of prostate cancer will indeed increase the
detection of both indolent and aggressive cancers among informed men who have
elected to participate in a prostate cancer screening program [14]. To decrease pros-
tate cancer mortality, yet mitigate against the potential morbidities of over-detection
and over-treatment, a judicious, tailored approach to population screening using
evidence-based guidelines for periodic PSA testing and DRE in appropriately coun-
seled men is indicated.

Evidence-Based Guidelines for Prostate Cancer Screening

Several professional societies have published evidence-based guidelines for pros-
tate cancer screening. The American Urological Association (AUA) recommends
shared decision-making between physicians and men aged 55-69 years that weighs
the risks and benefits, and proceeds based on the patient’s preferences; it recom-
mends against routine screening for average-risk men at the ages of 40-54 (www.
auanet.org). There is no specific threshold of PSA that is an absolute indication for
a biopsy; rather, the AUA recommends consideration of factors that may increase
the PSA, such as prostate enlargement, inflammation, and patient age.

The National Comprehensive Cancer Network (NCCN) Guidelines for Early
Detection of Prostate Cancer recommend a risk/benefit discussion with men aged
45-75 years and a baseline PSA and DRE to determine the frequency of future test-
ing (www.nccn.org). A PSA level > 3.0 ng/mL and/or an abnormal DRE should
prompt further evaluation, discussion, and consideration of prostate biopsy.
Although currently not indicated as first-line screening tests, for patients and physi-
cians who wish to further define the probability of biopsy-detectable cancer, the
NCCN recommends consideration of newer biomarker tests that increase the speci-
ficity of prostate cancer detection. These assays include % free PSA [19], the
Prostate Health Index (phi) [20], PCA-3 [21], and the 4-kallikrein (4 K) panel [22].
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These tests may inform the decision to perform biopsy through improved specificity
compared to total PSA for the detection of clinically significant prostate cancer.

Both the AUA and NCCN guidelines recommend consideration of upper age
limits and life expectancy. The AUA guidelines do not recommend routine screen-
ing in patients older than 70 years of age or with a life expectancy less than
1015 years; for the NCCN, the parameters are men older than 75 years of age and
less than 10-year life expectancy.

Metabolic Factors and Prostate Cancer Screening:
Obesity and PSA

Factors that influence serum PSA concentrations include age, prostate volume,
infection, inflammation, and instrumentation acting on the prostate. PSA is known
to be directly correlated with age; thus, age-adjusted PSA reference ranges have
been proposed to make PSA a more discriminating tumor marker to detect prostate
cancer in men of various ages [23]. For every cubic centimeter increase in prostate
volume, PSA increases by approximately 4% [23]. Instrumentation that acts directly
on the prostate, such as prostate biopsy and transurethral resection of the prostate
(TURP), significantly increase serum PSA levels [24]. Urinary tract infections and
prostatitis also affect PSA values.

Another factor that influences serum PSA concentrations, and thus potentially
prostate cancer detection, is obesity. Evidence-based guidelines for prostate cancer
screening and detection are based on population screening with PSA. Studies have
consistently observed inverse associations of body mass index (BMI) and serum
PSA. In a population-based study of almost 2800 men without prostate cancer,
Baillargeon and colleagues observed that mean PSA decreased as BMI category
increased: from 1.01 ng/mL in normal (<24.9 kg/m?*) BMI men to 0.69 ng/mL in
morbidly obese (>40 kg/m?) men [25]. Similarly, Bargawi and colleagues noted in
a population-based study of nearly 4500 men that obese men (BMI > 30 kg/m?) had
significantly lower PSA levels compared to non-obese men (BMI < 30 kg/m?) across
all age groups [26].

Investigators have offered two theories to explain these associations of higher BMI
with lower PSA. One is the anti-androgen theory: obese men have lower circulating
concentrations of serum androgens compared to non-obese men, possibly as a result of
increased peripheral aromatization of androgens to estrogen by adipose tissue—
decreased serum androgens leads to decreased stimulation of PSA production by the
prostate gland [27, 28]. The second is the hemodilution theory. This theory posits that
obese patients have a larger circulating plasma volume, which dilutes serum PSA and
thus decreases observed serum PSA concentrations. In a study of approximately 14,000
men with prostate cancer who underwent radical prostatectomy, Bafiez and colleagues
observed that obese males with BMI >35 kg/m? had higher estimated plasma volumes
and lower PSA concentrations [29]. Furthermore, obese patients had similar or even
greater PSA mass (the calculated amount of PSA circulating in serum) compared to
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men of normal weight. These investigators suggested that this lends further credence to
the hemodilution theory, since if the anti-androgen theory were true, obese males
should theoretically have less PSA mass than that of normal-weight males. These find-
ings have been validated in other populations [30], most notably 28,000 men in the
prostate arm of the PLCO trial [31].

Regardless of etiology, inverse associations of obesity with PSA could poten-
tially result in diminished screening detection of localized—but clinically signifi-
cant—cancers in obese men and to corresponding increases in the incidence of
advanced disease in this population. Indeed, higher BMI has been linked with
increased risk of prostate cancer-specific mortality [32] and increased probability of
aggressive prostate cancer at time of diagnosis [33]. These data suggest that clini-
cians should consider lowering PSA thresholds for performing prostate biopsy in
obese patients. Rundle and Neugut proposed PSA biopsy thresholds of >4.0 ng/mL,
>3.5 ng/mL, and >3.1 ng/mL for non-obese, obese, and morbidly obese men,
respectively [30].

Still, the clinical implications of these findings remain unclear. The latest ver-
sion of the PCPT prostate cancer risk calculator no longer takes BMI into account
as a variable (http://deb.uthscsa.edu/URORiskCalc/Pages/calcs.jsp). However, a
previously developed BMI-adjusted PCPT prostate cancer risk calculator was
analyzed by Liang and colleagues in an external validation study using 3258 men
from the SELECT Trial who underwent prostate biopsy [34]. They found that for
men without a family history of prostate cancer, increased BMI was not associ-
ated with risk of prostate cancer incidence but was significantly associated with
high-grade disease. For men with known family history of prostate cancer,
increasing BMI was independently associated with increased risk of both pros-
tate cancer incidence and high-grade disease. The authors concluded that practi-
tioners should consider including BMI as a factor during clinical assessment of
prostate cancer risk, especially for patients with known family history of prostate
cancer. However, none of the three major evidence-based clinical guidelines for
urologists—AUA, NCCN, and European Association of Urology (www.uroweb.
org)—currently recommend specific PSA screening parameters for obese
patients.

Metabolic Factors and Prostate Cancer Diagnosis: Prostate
Volume and Biopsy

Screened men with elevated PSA and/or abnormal DRE may undergo prostate
biopsy for cancer diagnosis. Unlike diagnostic biopsy for most other solid organ
tumors, standard-of-care prostate biopsy is performed without image guidance or
selective targeting of suspect lesions. This practice, known as systematic biopsy,
renders prostate cancer diagnosis susceptible to variations in prostate volume: a
prostate tumor, particularly a smaller one, is more likely to be detected in a smaller
volume prostate than a comparably sized tumor in a larger volume prostate [35, 36].
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Metabolic factors may influence prostate volume and thus bias cancer detection.
Multiple studies have shown that higher BMI is associated with increased prostate
volume [37-39]. In the Baltimore Longitudinal Study of Aging, each 1 kg/m? increase
in BMI corresponded to a 0.41 cc increase in MRI-measured prostate volume [40].
Patients with elevated fasting glucose levels (>110 mg/dL) and also men diagnosed
with diabetes had a higher likelihood of prostate enlargement. In a study of BMI,
PSA, and prostate volume in 1414 men undergoing radical prostatectomy, Freedland
and colleagues observed a direct association of BMI and prostate size in younger men
[28]. Similarly, in 13,343 men undergoing radical prostatectomy, Kopp and col-
leagues noted that preoperative BMI was associated with increased prostate weight:
for each 1 kg/m? increase in BMI, prostate weight increased by 0.45 g (95% CI 0.35—
0.55, P-trend <0.001) [41]. In addition, compared with men with BMI < 25 kg/m?,
men with a BMI > 35 kg/m? had a 40% increased probability of prostate weight of at
least 40 g and a 70% increased probability of prostate weight of at least 50 g.

These data suggest that metabolic-induced variations in prostate volume may
potentially bias prostate cancer detection in a manner similar to PSA in obese men.
Because prostate cancer is harder to detect in larger volume prostates, metabolic
disturbances associated with increased prostate volume—notably obesity—might
delay detection of clinically significant disease and worsen clinical outcomes. There
are, however, no data to directly support this concept.

Metabolic Factors and Prostate Cancer Incidence

While there is no direct evidence of prostate cancer detection bias associated with
metabolically-induced alterations in PSA and prostate volume, there are indirect
data: several studies have observed associations of obesity with increased risk of
aggressive prostate cancer, which would support the concept that obesity delays
prostate cancer diagnosis. In 2952 men from the CaPSURE registry, Kane and col-
leagues noted that overweight, obese, and very obese men had an increased risk of
aggressive prostate cancer at time of diagnosis [42]. Amling and colleagues ana-
lyzed 860 patients with prostate cancer from multiple institutions treated with radi-
cal prostatectomy and found that obese patients presented at a younger age, had
higher mean Gleason scores, had a higher chance of Gleason sum > 7 (i.e., clini-
cally significant) disease, and decreased chance of organ-confined disease [43].
Furthermore, on multivariable logistic regression, BMI was independently associ-
ated with Gleason sum. In 363 patients who underwent radical prostatectomy,
Rohrmann and colleagues also found that the risk of high-grade cancer increased
with BMI, especially among men less than 50 years of age [44].

Other studies have observed associations of obesity with prostate cancer mortal-
ity. In the Cancer Prevention Studies I (n = 381,638) and II (n = 434,630), prostate
cancer mortality was significantly higher for obese (BMI > 30 kg/m?) than non-
obese (BMI < 25 kg/m?) men in multivariable models [45]. Furthermore, prostate
cancer mortality was over 30% higher in the heaviest (BMI 18.50-22.99 kg/m?)
compared to the leanest (BMI < 18.50 kg/m?) men.
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In contrast, BMI appears to be inversely associated with incident prostate cancer.
In a meta-analysis of 12 prospective studies on localized prostate cancer
(n = 1,033,009) and 13 prospective studies on advanced prostate cancer
(n = 1,080,790) assessing the association of BMI and prostate cancer, Discacciati
et al. reported that obesity conferred a decreased risk of localized disease, while it
increased the risk for advanced prostate cancer [46]. One interpretation of these data
would be that diminished PSA and increased prostate volume in obese relative to
non-obese men reduces the likelihood that an extant, but occult tumor without lethal
potential is ever detected, while that same delay leads to more advanced stages of
disease at diagnosis and corresponding increases in prostate cancer mortality.

Of note, an alternative explanation of these data is that associations of obesity
with prostate cancer may, all or in part, be causal. That is, both the biology of
adiposity and detection bias may potentially contribute to the observed inverse
associations of obesity with incident localized disease and positive associations for
advanced disease and mortality (http://www.wcrf.org/int/research-we-fund/
continuous-update-project-findings-reports/prostate-cancer).

Additional energy balance associated-factors—diet and physical activity—may
also be associated with prostate cancer risk, although at this time the evidence is
insufficient to be conclusive (http://www.wcrf.org/int/research-we-fund/continuous-
update-project-findings-reports/prostate-cancer). Specifically, fat intake has been
linked to increased risk. In a population-based case-control study from Utah that
analyzed dietary intake in 358 patients with prostate cancer vs 679 controls, West
et al. found an odds ratio of 2.9 for aggressive disease in older males 68—74 years of
age with high dietary fat intake [47]. Le Marchand et al. studied a cohort of 20,316
men from Hawaii and found elevated relative risks of prostate cancer with consumption
of beef (RR 1.6), milk (RR 1.4), and overall high-fat animal products (RR 1.6) [48].
Overall, the data regarding the association of physical activity and prostate cancer risk
suggests an inverse association. In a meta-analysis of the literature studying physical
activity and its association with cancer, Friedenreich found that the majority of the
studies available in the literature suggest a beneficial effect of physical activity on
prostate cancer [49]. The majority of the studies showed a 10-30% decreased risk of
prostate cancer. Additionally, multiple large population-based studies report an
inverse association between physical activity and prostate cancer risk [50-52].

With respect to prostate cancer outcomes after the diagnosis, a study by
Friedenreich and colleagues analyzed 830 prostate cancer patients prospectively up
to 17 years and examined prostate cancer survival in relation to post-diagnosis
physical activity [53]. Post-diagnosis physical activity was significantly associated
with lower all-cause mortality risk (HR 0.58) and lower prostate cancer-specific
mortality risk (HR 0.56). No significant associations were found between physical
activity and risk of first recurrence/progression, however.

As stated previously, the clinical significance of these findings remain unclear.
There are no evidence-based guidelines that factor obesity, dietary intake, physical
activity, and their association with higher-grade disease and increased mortality in
clinical decision-making for prostate cancer screening.
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The main initial options for treating clinically localized prostate cancer with cura-
tive intent are surgery and radiation. Obesity has also been shown to potentially
affect the efficacy and/or safety of these treatment modalities.

Obesity potentially places patients at risk of peri-operative surgical complica-
tions. Tjeertes and colleagues analyzed over 4000 patients who underwent surgery
and found that obesity was associated with increased risks of surgical site infection,
longer operative time, and increased surgical blood loss [54]. However, there was no
difference in major post-operative complications, and obesity was actually associ-
ated with an overall improvement in 30-day complication rate and long-term sur-
vival. Xu and colleagues performed a meta-analysis of studies focused on outcomes
of robotic-assisted laparoscopic radical prostatectomy in obese patients [55]. Obese
men had significantly increased operative time and surgical blood loss, but the length
of post-operative hospital stay and complication rates (overall, minor, major) did not
differ significantly between obese and non-obese patients. Increased operative time
is likely due to increased technical difficulty due to the patient’s larger body habitus.
Other studies have shown similar results by obesity status in both open (radical ret-
ropubic and radical perineal) [56] and laparoscopic prostatectomies [57].

While obesity has not been linked to an increase in major surgical complications,
studies have shown that obesity is associated with an increased risk of positive sur-
gical margins, increased risk of biochemical recurrence, and decreased progression-
free survival. In a retrospective study of 1006 patients who either underwent radical
retropubic prostatectomy (RRP) or radical perineal prostatectomy (RPP) at a single
institution from 1988 to 2005, Fitzsimons and colleagues found that obese patients
had an increased risk of positive surgical margins in both surgical approaches [56].
This was true even after controlling for pathologic disease severity. Ho and col-
leagues showed in a retrospective study of 1038 patients who underwent radical
prostatectomy that obese patients had a higher PSA nadir after surgery and increased
risk of biochemical recurrence compared to non-obese patients [58]. Freedland and
colleagues corroborated the finding of an increased risk of biochemical recurrence
in obese patients from a study of 1106 patients who underwent prostatectomy [59].
Possible reasons for suboptimal surgical disease control in obese men are both a
higher risk of advanced disease and the increase in technical difficulty of the opera-
tion leading to a higher rate of positive surgical margins. There are currently no
evidence-based guidelines for obesity and surgical management of prostate cancer.

Obesity has also been shown to adversely affect treatment outcomes after radiation
treatment. Wang and colleagues analyzed 1442 patients with clinically located pros-
tate cancer treated with intensity-modulated radiotherapy (IMRT) [60]. They found
that increasing BMI was linked to increased risks of biochemical recurrence, distant
metastases, prostate cancer-specific mortality, and overall mortality after
IMRT. Stroup and colleagues analyzed outcomes of 1868 men who underwent pri-
mary external beam radiation therapy (EBRT) for clinically localized prostate can-
cer [61]. Utilizing the 2006 RTOG-ASTRO criteria, they observed that obesity was
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associated with greater odds of biochemical recurrence after EBRT. Keto and col-
leagues studied 287 men from the SEARCH database who underwent radical pros-
tatectomy with neoadjuvant androgen deprivation therapy [62] and found that
higher BMI (>25 kg/m?) was associated with an increased risk of metastasis and
trends towards increased risk of castrate-resistant disease and prostate cancer-
specific mortality. These investigators postulated that one potential explanation for
these observations was an increased plasma volume in obese men that dilutes the
concentration of androgen deprivation drug distribution, thus decreasing its effi-
cacy. Further studies need to be performed to further elucidate the effects of obesity
on radiation treatment and neoadjuvant androgen deprivation. Similar to surgery,
there are no evidence-based guidelines that include obesity as a factor when coun-
seling patients towards radiation therapy.

Conclusions

In summary, the effect of energy balance, most notably obesity, on prostate cancer
screening, diagnosis, and management is substantial and complex. Obesity has been
clearly linked to decreased PSA and increased prostate volume, which may lead to
decreased screen detection of clinically-significant, localized prostate cancer.
Indeed, obese men have been shown to have a decreased risk of prostate cancer
incidence but a higher risk of advanced disease at diagnosis, possibly, in part, due to
detection bias causing a delay in diagnosis of localized disease until obese patients
present with more advanced stages of disease. In addition, obese men have a higher
risk of prostate cancer-specific mortality. Obesity has also been shown to adversely
affect outcomes of prostate cancer treatment with surgery (increased risks of posi-
tive surgical margins and biochemical recurrence) and radiation (increased risks of
biochemical recurrence, metastasis, prostate cancer-specific mortality, and overall
mortality). Further studies are needed to delineate the mechanisms through which
obesity confers these risks, and future prospective studies include development of
an optimal framework to guide decision-making for prostate cancer screening, risk
stratification, and management in obese men.
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Chapter 7
Androgen Deprivation Therapy for Prostate

Cancer: Effects on Body Composition
and Metabolic Health
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Abstract Prostate cancer (PCa) is the most common malignancy diagnosed in
American men. Androgen-deprivation therapy (ADT) has become the standard
treatment for locally invasive, recurrent and metastatic PCa. Despite its effective-
ness in lowering testosterone levels and improving survival in a subset of patients,
ADT is associated with adverse effects including sexual dysfunction, vasomotor
symptoms, anemia, osteoporosis and decreased quality of life. Altered body compo-
sition, resulting in reduced muscle mass and increased fat mass, is also frequently
encountered in patients receiving ADT. As a result of these adverse changes in body
composition, metabolic complications such as insulin resistance, diabetes, dyslipid-
emia and metabolic syndrome have also increased. These metabolic disturbances
might be responsible for the increased cardiovascular morbidity and mortality seen
in this patient population. Thus, screening, monitoring and treatment for cardiovas-
cular risk factors (i.e. hyperglycemia, diabetes, hyperlipidemia, hypertension, obe-
sity) in men receiving ADT might be prudent. Here we review the literature
evaluating body composition changes as well as metabolic and cardiovascular com-
plications of ADT.
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Introduction

Prostate cancer (PCa) is the most common malignancy in American men and its
incidence rose following the introduction of screening for prostate-specific antigen
(PSA) levels, but the rate has declined recently following changed screening guide-
lines [1]. Since the description of its androgen-dependence, androgen-deprivation
therapy (ADT) has been used in men with locally invasive, recurrent and metastatic
PCa. Approximately 600,000 men in the United States alone are receiving ADT [2].
The aim of ADT is to suppress testosterone levels into the castrate range (<50 ng/dl;
normal range 300-1000 ng/dl) [3]. The modalities of ADT include surgery (orchi-
ectomy) or medical therapy (gonadotropin releasing hormone [GnRH] agonists or
antagonists). Adjuvant use of ADT does improve survival in a subset of men with
locally-invasive disease [4, 5], although recent trends suggest that ADT is now
being used even in patients with early stage PCa and in those experiencing bio-
chemical recurrence (rising PSA) despite no survival advantage having been shown
in these patient populations. The use of ADT in the United States has increased in
the past decade [6-9], hence, significant numbers of American men experience pro-
found hypogonadism as a result of ADT.

Despite its effectiveness in improving mortality in a subset of patients, ADT is
associated with numerous adverse effects including sexual dysfunction, vasomotor
symptoms, poor quality of life, anemia, low bone density, increased fat mass, loss
of muscle mass and strength as well as metabolic and cardiovascular complications
[10, 11]. Here we summarize the adverse effects of androgen deprivation therapy
with a focus on body composition changes and cardiometabolic complications
(Fig. 7.1).

Metabolic Complications of ADT
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Fig. 7.1 Cardiometabolic complications of ADT
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Hypogonadism, Body Composition and Cardiometabolic
Health

Testosterone levels, after peaking in the second and third decade of life, decline
gradually with advancing age [12]. In aging men, this decline in testosterone levels
correlates with decreased lean body mass and increased fat mass which is reversed
with testosterone replacement [13, 14]. Furthermore, low circulating testosterone
levels in men have been associated with obesity [15], type 2 diabetes [16], meta-
bolic syndrome [17], coronary artery disease [18] and cardiovascular events [19] in
population studies. Intervention trials of testosterone administration in hypogo-
nadal as well as eugonadal, young and older men have reported increases in lean
body mass, decreases in whole body and visceral fat and improvement in cardio-
metabolic parameters. These observations are consistent with laboratory studies
demonstrating that androgens stimulate mesenchymal pluripotent stem cells to
commit to the myogenic lineage while inhibiting their differentiation into adipo-
cytes [20] (Fig. 7.2). Data from preclinical models show that male mice with genetic
disruption of the androgen receptor demonstrate insulin resistance, suggesting that
androgens and/or androgen receptor signaling is important in the regulation of glu-
cose metabolism [21]. Furthermore, low-density lipoprotein receptor-deficient
mice undergoing orchiectomy develop atherosclerosis, which is attenuated by tes-
tosterone replacement [22]. These data support the mechanistic plausibility that
androgen deficiency can result in adverse changes in body composition and meta-
bolic dysregulation that could potentially lead to increased risk for cardiovascular
disease (CVD).

Mechanism of Androgen Action
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Fig. 7.2 Testosterone stimulates pluripotent cells to commit to a myogenic lineage and inhibits
differentation to adiopogenic lineage (Adapted from [20])
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Effects of ADT on Body Composition

Male hypogonadism results in declines in lean body mass and an increase in fat
mass [12]. Changes in body composition are also well-recognized as adverse effects
of ADT in men with PCa. Both cross-sectional and longitudinal studies have shown
that ADT increases accumulation of fat mass while decreasing lean body mass, both
worsening with duration of ADT exposure [10, 23, 24] (Fig. 7.3). One cross-
sectional study evaluated body composition, bone mineral density and muscle
strength in men with PCa undergoing long-term ADT (12-101 months) and com-
pared it with men with PCa who had previously undergone only local therapy (i.e.,
surgery/radiation; non-ADT group) and with age-matched healthy men (controls).
This study found that men undergoing ADT had higher fat mass, lower bone min-
eral density and reduced upper-and lower body muscle strength compared to the
other groups [25]. Importantly, the subjects in the non-ADT group had greater mus-
cle strength than controls, implying that hypogonadism was the likely etiology of
this greater fat mass and lower muscle strength in the ADT group and not due to
effects of the disease (PCa) itself.

Change in LBM on ADT Change in Fat Mass on ADT
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Fig. 7.3 (a) Change in LBM on ADT (b) Change in fat mass on ADT
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One short term prospective study in 22 newly diagnosed men with PCa showed
significant increases in fat mass (+1.7 kg) and decreases in lean body mass (—1.7 kg)
after 3-months of ADT [26]. These findings have been confirmed in two long-term,
prospective studies in men undergoing ADT for 48 weeks (+9.4% fat mass; —2.7%
lean body mass) and 12-months (+6.6% fat mass; —2% lean mass) [23, 27]. Another
2-year prospective study compared body composition changes in 43 men on short-
term ADT (less than 6 months), 67 men on chronic ADT (more than 6 months) and
53 age-matched healthy controls [28]. In this study, men undergoing short-term
ADT had significant gains in body fat mass and loss in lean body mass that persisted
at 12 (+1499.56 g fat mass; —929.74 g lean mass) and 24 months (+2167.15 g fat
mass; —1785.81 g lean mass) after ADT completion compared to healthy controls.
Similar to previously reported studies, these changes occurred early in the course of
ADT and were most pronounced within the first year of initiation and continued to
persist after the first year. Similarly, men on chronic ADT (mean duration 31 months)
also experienced significant changes in body composition over 2 years of follow-up.
Furthermore, there are some studies that suggest that hypogonadism related to ADT
may also have differential effects on subcutaneous and visceral fat. One small study
reported that ADT preferentially increased subcutaneous rather than visceral abdom-
inal fat [23]. Larger prospective studies are required to confirm these findings.

A recent systematic review that investigated effects of ADT on lean mass from
periods ranging from 3 to 24 months showed reductions in lean mass ranging
between 1.4 and 3.86% with a mean annual reduction of —2.0% [29]. This 2.0% loss
of lean mass per year in men undergoing ADT is substantial when compared to data
in aging healthy older men who show a similar decrease in lean body mass but over
a much longer period of time (1.9% decrease in lean body mass per decade) [30].
These changes in lean mass were not significantly related to changes in BMI.

In summary, ADT results in unfavorable changes in body composition. While the
greatest changes in body composition occur during the first year in men on ADT,
significant changes continue to occur even after 2 years [31]. The increase in fat
mass from ADT correlates with higher insulin levels which in turn may lead to
metabolic dysregulation, possibly via elaboration of adipokines and inflammatory
cytokines [11, 26]. Furthermore, reduction in skeletal muscle mass from ADT may
also result in decreased glucose uptake by muscle fibers, leading to insulin resis-
tance, diabetes and increased risk for CVD in this population.

Metabolic Complications of ADT

It is well established that increased adiposity is a risk factor for insulin resistance,
diabetes, dyslipidemia and metabolic syndrome [32]. Low serum testosterone levels
in men are associated with obesity, insulin resistance, type 2 diabetes, dyslipidemia
and metabolic syndrome [17, 33-35]. Similarly, men undergoing ADT have pro-
found hypogonadism with testosterone levels in the castrate range potentially predis-
posing them to an even higher risk for developing these metabolic complications.
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Insulin Resistance and Hyperglycemia After Short-Term
(3—-6 Months) ADT

Serum testosterone levels are positively associated with insulin sensitivity in men
[36]; and testosterone replacement improves insulin sensitivity in hypogonadal men
[37]. Acute withdrawal of testosterone in men with PCa who receive ADT is associ-
ated with the development of insulin resistance [38]; an early metabolic change that
is correlated with increase in fat mass. In fact, several prospective studies have
shown that men undergoing ADT develop insulin resistance within three months of
initiation of ADT while no significant changes in insulin levels are seen in the non-
ADT group [26, 39, 40]. In a 3-month prospective study of patients on ADT,
Dockery and colleagues demonstrated a 63% increase in fasting insulin levels from
baseline; however, there was no changes in fasting glucose [40]. Another 3-month
intervention study using combined androgen blockade with leuprolide and bicalu-
tamide reported a 26% increase in insulin levels that correlated with an increase in
fat mass [39]; again, no change in fasting glucose was seen. Thus, the results of
these short-term studies suggest that insulin resistance develops within a few months
of starting ADT; however, the resulting hyperinsulinemia appears adequate to main-
tain normal serum glucose levels.

Insulin Resistance and Hyperglycemia After Long-Term
(=12 Months) ADT

Although euglycemia is maintained in the setting of insulin resistance with short-
term ADT, longer duration of ADT can result in hyperglycemia and frank diabetes.
In the last decade, some studies have evaluated long-term effects (>12 months) of
ADT on glucose metabolism. In a retrospective study of 44 patients with PCa under-
going ADT, fasting blood glucose levels initially remained unchanged at 6-months
but then increased by 12-months after initiation of ADT [41]. In one cross-sectional
study, 53 men with no history of diabetes were evaluated, including 18 men with
PCa who received ADT for at least 12 months (ADT group), 17-age-matched men
with nonmetastatic PCa who had undergone prostatectomy and/or radiotherapy and
were not receiving ADT (non-ADT group) and 18 age-matched controls (control
group) [38]. The mean duration of ADT was 45 months (range 12—101 months). In
the ADT group, 15 men were being treated with GnRH analogs and 3 men had
undergone orchiectomy. After adjustment for age and BMI, men in the ADT group
had significantly higher fasting glucose, insulin and leptin levels compared to the
both the non-ADT and control groups. Additionally, homeostatic model assessment
for insulin resistance (HOMA-IR) was also significantly higher in the ADT group
compared to non-ADT group and controls. Importantly, men in the ADT group had
higher frequency (44%) of having fasting glucose levels meeting diagnostic criteria
for diabetes mellitus (>126 mg/dl) compared to men in the non-ADT (12%) and
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Fig. 7.4 ADT and DIABETES

control groups (11%) (Fig. 7.4). Furthermore, increases in fasting glucose, insulin,
leptin and HOMA-IR negatively correlated with total and free testosterone levels.
This study demonstrated that men with PCa receiving long-term ADT are at risk for
development of insulin resistance and hyperglycemia independent of age and BMI
and appears to be a direct result of androgen deprivation. However, it is important to
appreciate that this study was cross-sectional in nature and that future prospective
studies evaluating long-term effects of ADT on glucose metabolism are needed to
establish causality. In a retrospective uncontrolled study in 396 patients receiving
long-term ADT for PCa (median duration 60.1 months), of whom 319 did not have
diabetes, 11.3% were diagnosed with new-onset diabetes [42]. This risk appeared to
be stronger in patients with BMI > 30 kg/m?. Of the 77 patients with pre-existing
diabetes mellitus in this study, 37 had worsening of their diabetes manifested by
>10% increase in their serum HbAlc and/or fasting glucose levels. These results
have been confirmed in a large prospective cohort study of 73,196 men with locore-
gional PCa undergoing ADT with GnRH agonists or orchiectomy [43]. In this study,
men treated with ADT, regardless of modality, had significantly increased risk of
incident diabetes (GnRH agonist: adjusted HR, 1.44; orchiectomy: adjusted HR
1.34) after median follow-up of 4.55 years (Fig. 7.5). These findings suggest that
men with or without a history of diabetes already receiving or planning to start ADT
may benefit from routine surveillance of glycemic control with appropriate screen-
ing, prevention and treatment measures.

Effect of ADT on Lipid Profile

Sex hormones are known to modulate serum lipoproteins. Epidemiologic studies
have reported that testosterone levels are negatively related to total cholesterol,
low-density lipoprotein (LDL) cholesterol and triglycerides in non-diabetic men
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Fig. 7.5 ADT: Incident diabetes and CVD

[35]. This is further supported by the fact that low testosterone levels have been
linked to altered lipoprotein lipase activity, leading to abnormal levels of LDL and
triglycerides [40]. In longitudinal studies, the age-related decline in endogenous
testosterone levels in men is associated with increase in serum triglycerides and
decrease in serum HDL levels [44]. Furthermore, interventional studies have dem-
onstrated that testosterone replacement in hypogonadal men results in improve-
ments in lipid profile [45].

The effect of ADT on lipid profile has been evaluated in both cross-sectional and
prospective studies. One short-term prospective study (3-months) of ADT showed
significant increases in total and HDL cholesterol in the ADT group compared to
non-ADT and non-cancer controls; while changes in LDL and triglycerides were
non-significant [40]. Another study showed significant increases in serum triglycer-
ides levels with ADT [39]. These findings are not universal as one prospective study
did not demonstrate any significant changes in lipid profile after 3 months of ADT
[26]; however, this study did not have a control group.

Long-term studies of ADT (>12 months) have also reported similar changes in
lipid profile. In one cross-sectional study of 44 men (16 undergoing ADT for at least
12-months, 14 age-matched eugonadal with non-metastatic PCa status post prosta-
tectomy and/or radiotherapy and 14 age-matched eugonadal men not on ADT), men
undergoing long-term ADT had higher total, LDL and non-HDL cholesterol com-
pared to controls [46]. These findings are supported by a recent prospective study in
177 patients who demonstrated significant increases in total, LDL and HDL choles-
terol after completing 1 year of ADT [47]. Another retrospective study in 44 men
with PCa showed similar increases in total cholesterol, LDL cholesterol and
triglycerides 12 months after initiation of ADT [41]. These changes in lipid metabo-
lism were most prominent in the early ADT period consistent with the short-term
studies described above. Interestingly, HDL cholesterol levels increased initially
after the first 3-months of ADT in this study but then decreased after 12 months.
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In summary, both short and long-term ADT in men with PCa leads to increases
in total cholesterol, LDL-cholesterol and triglycerides; the specific lipoprotein
changes are consistent in many but not all studies [48]. The HDL cholesterol also
increased with ADT in some studies; however, the impact of these changes in vari-
ous lipoproteins on CVD risk remains unclear. Long-term prospective studies are
needed to determine whether alterations in lipoprotein levels resulting from ADT
influences cardiovascular risk in men with PCa.

ADT and Metabolic Syndrome

Metabolic syndrome (MetS) is a risk factor for CVD, which confers a twofold
increased risk for CVD [49]. MetS is an integrated measure of metabolic dysfunc-
tion comprised of central obesity, dyslipidemia, impaired glucose metabolism, and
hypertension [50, 51]. Recent National Health and Nutrition Examination Survey
(NHANES) data show that men have a higher prevalence of MetS than women, with
higher proportions of men fulfilling criteria for the MetS components of hypertri-
glyceridemia, hypertension, low HDL and hyperglycemia [52]. Male hypogonad-
ism has been shown to be an independent risk factor for the development of
metabolic syndrome in population studies [53, 54]. This is significant given that the
prevalence of MetS in patients with PCa is higher than the general population [55]
and may be even higher after use of ADT.

The effect of ADT on development of the metabolic syndrome has been evalu-
ated in both cross-sectional and prospective studies. A cross-sectional study evalu-
ated the prevalence of metabolic syndrome in men with PCa undergoing long-term
ADT with age and disease-matched controls [56]. In this study, more than half
of men (55%) undergoing ADT had MetS compared with one fifth of men (22%
and 20%) in the non-ADT and control groups, respectively; hyperglycemia and
abdominal obesity appeared to be the major determinants of the higher preva-
lence of MetS in the ADT group (Fig. 7.6). In a case-control study, Valverde and
colleagues reported that the prevalence of MetS in men was 21% after 6-months
of ADT and increased to 36% after 12—18 months of treatment [57]. In a recent
meta-analysis of nine studies published to date on risk of MetS following ADT
for PCa, the investigators found a significant association between ADT and risk
for MetS (RR 1.75) [58]. In this meta-analysis, diabetes was the most prevalent
MetS component among ADT users (pooled relative risk 1.36). When examining
specific components of the MetS, other studies have also suggested that the MetS
phenotype associated with ADT is a pattern of metabolic alterations that is distinct
from the classic MetS. In one open-label prospective study, 26 men with recurrent
or locally advanced PCa were treated with leuprolide for 12-months [59]. In this
study, leuprolide increased waist circumference and serum triglycerides (compo-
nents of the MetS), but did not significantly alter blood pressure and paradoxically
increased HDL cholesterol. In another prospective study, men with PCa undergo-
ing ADT through surgical castration had significantly higher waist circumference,
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Fig. 7.6 Long-term ADT and metabolic syndrome

and levels of fasting glucose, fasting insulin, and HDL-cholesterol compared to
both non-ADT and normal controls [60]. Classic MetS is typically characterized
by central adiposity, insulin resistance, high triglycerides, low HDL cholesterol,
hypertension, low adiponectin levels and elevated inflammatory markers [61, 62].
On the contrary, MetS in ADT is associated with increases in adiponectin and HDL
cholesterol while not significantly changing C-reactive protein levels or blood
pressure [62, 63].

In summary, several studies have shown that ADT for PCa increases risk for
development of MetS. However, the metabolic phenotype in men undergoing ADT
has some but not all the characteristics of the “classic” MetS. Furthermore, the
severity of metabolic alterations of ADT may depend not only on the cumulative
duration but also frequency of administration. A recent longitudinal study found
that patients receiving intermittent ADT had lower rates of metabolic syndrome
compared to those receiving continuous ADT over 12 months [64]. However, there
is insufficient data to determine whether intermittent ADT administration has the
potential to prevent or decrease these metabolic derangements. Larger long-term
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prospective studies are needed to better characterize the MetS phenotype in men
undergoing different types of ADT for PCa as well as examining the implications of
these metabolic effects on overall CVD risk.

Cardiovascular Disease

CVD is the most common cause of non-cancer death in patients with PCa [65].
Satariano and colleagues were the first to report that CVD was the second most
common cause of death in men with PCa (after PCa-specific mortality) [66]. ADT
is the standard treatment for patients with aggressive PCa and has resulted in
decreased recurrence rates and improved survival [4]. However, despite its efficacy
in the treatment of advanced and metastatic PCa, ADT, in some studies, has been
associated with increased risk of coronary artery disease, myocardial infarction and
sudden cardiac death [43].

Several studies have reported association of ADT use and increased risk of car-
diovascular morbidity and mortality [67]. Saigal et al. reported that men undergoing
ADT for at least 12 months had 20% higher risk of cardiovascular morbidity com-
pared with men not receiving ADT [68]. Importantly, for many men, this risk
occurred within the first year of treatment. Keating et al. showed that men undergo-
ing ADT with GnRH agonist had higher risk of incident coronary heart disease,
myocardial infarction and sudden cardiac death compared with non-ADT men over
a median follow-up of 4.55 years (Fig. 7.5) [43]. Interestingly, men treated with
ADT with orchiectomy did not demonstrate increased CVD risk in this study, likely
attributable to the fact that few men (6.9%) underwent this treatment modality for
their disease. A meta-analysis of randomized PCa trials showed that men aged 65
and older receiving ADT for as short as 6 months experienced shorter times to fatal
myocardial infarction compared with age-matched men not receiving ADT and
younger men [69]. Another study found that men undergoing ADT had 2.6 times the
risk of cardiovascular mortality than non-ADT controls after adjusting for age and
CVD risk factors [70]. In this study, the increased risk for CVD mortality was seen
in both younger (<65 years) and older men (=65 years).

Recent studies have suggested that the cardiovascular complications associated
with ADT predominately occur in vulnerable subgroups of men with pre-existing
CVD. Nanda and colleagues demonstrated that neoadjuvant hormone therapy use for
localized or locally advanced PCa associated with increased risk of all-cause mortal-
ity among men with a history of coronary artery disease-induced congestive heart
failure (CHF) or myocardial infarction (median follow-up 5.1 years); whereas, no
significant risk was seen in men without comorbidity [71]. Another large prospective
study of 5077 men with locally advanced PCa showed that use of ADT was associ-
ated with higher risk of cardiac-related mortality in those with CHF or prior MI [72].

In addition to CVD, ADT has also been associated in observational studies with
thromboembolic events including deep vein thrombosis, pulmonary embolism,
arterial thrombosis and stroke [73, 74]. Long-term randomized controlled studies
are needed to determine potential effects of ADT on peripheral vascular disease.
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Summary

ADT is associated with adverse changes in body composition and metabolic profile.
Metabolic complications such as insulin resistance, diabetes, hyperlipidemia and
MetS may be responsible for the increased cardiovascular morbidity and mortality
seen in these men. The increased risk for these cardiometabolic complications
becomes evident within months of beginning ADT. In 2010, the American Heart
Association acknowledged the potential association between ADT and cardiovascu-
lar events [7]. In October 2010, the US Food and Drug Administration issued a
safety warning requiring that the labeling of GnRH agonists include a statement
disclosing “increased risk for diabetes and certain cardiovascular diseases (heart
attack, sudden cardiac death and stroke) in men receiving these medications for
treatment of prostate cancer” [67]. Thus, it is important for physicians to screen for
various cardiovascular risk factors in men already receiving or planning to start
ADT. Currently, there are no formal guidelines for the prevention and management
of CVD in patients on ADT. However, findings from multiple studies suggest that
these men may benefit from screening, treatment and prevention strategies for vari-
ous cardiovascular risk factors. These men, especially those with preexisting CVD,
should be counseled on lifestyle modification (diet, exercise, weight reduction,
smoking cessation) and optimally treated for existing CVD risk factors such as dia-
betes, hyperlipidemia and hypertension [75]. In fact, a recent randomized controlled
trial showed that a 12-week lifestyle intervention of supervised exercise training
and dietary counseling led to improved endothelial function (measured by flow-
mediated dilation) in men on long-term ADT for PCa [76]. The beneficial role of
aspirin, statins and insulin sensitizers for the primary prevention of CVD in this
population requires further study.

As androgen replacement is contraindicated in PCa, future prospective interven-
tion trials assessing the role of novel anti-inflammatory agents, myostatin antago-
nists and anabolic agents such as SARMS (Selective Androgen Receptor
Modulators—agents that act as agonists on muscle and metabolic tissues but spare
the prostate) are needed to assess for potential targeted approaches in the prevention
and treatment of cardiometabolic complications associated with ADT [77].
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Chapter 8

The Integration of Exercise and Dietary
Lifestyle Interventions into Prostate
Cancer Care

Ciaran M. Fairman, Alexander R. Lucas, Elizabeth Grainger,
Steven K. Clinton, and Brian C. Focht

Abstract Prostate cancer (PCa) is among the most prevalent forms of cancer
among American men. For many decades, androgen deprivation therapy and newer
drugs inhibiting various aspects of aberrant androgen signaling, have been a main-
stay of therapy and are increasingly incorporated into multimodality treatment plans
for men with prostate cancer. Although improving rate of cure and promoting sur-
vival, the adverse effects of anti-androgen therapy place men at increased risk from
loss of muscle mass, sarcopenic obesity, functional declines, and metabolic syn-
drome and its many sequela, such as cardiovascular disease. Consequently, there is
growing interest in the feasibility and efficacy of implementing lifestyle interven-
tions that have the potential to improve treatment outcomes and support quality of
life and functional status men impacted by PCa patients. The purpose of the present
chapter is to provide an overview of the current scientific evidence regarding the
impact of dietary intervention and exercise, both separately and in combination, for
men with PCa. Although the number of studies remains modest, current evidence
demonstrates that exercise, diet, and combined exercise and dietary interventions
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can result in significant, clinically meaningful improvements in a variety of health,
fitness, and quality of life outcomes among PCa patients. The emerging evidence
supports the need for studies to optimize and personalize strategies integrating life-
style exercise and dietary interventions into the multi-disciplinary treatment strate-
gies that improve outcomes and quality of life for men with PCa.

Keywords Lifestyle Interventions e Dietary Interventions ¢ Multidisciplinary
Interventions ¢ Behavioral Interventions ¢ Individualized Diet and Exercise
Adherence (IDEA-P) Trial

Prostate cancer (PCa) is the most common visceral malignancy in men in both
Europe and North America [1]. The risk of PCa increases with advancing age, with
over a 1000% increase from age 45 to 70, and the majority of men being diagnosed
after 65 years of age [1]. Testosterone is a critical hormone regulating the normal
development and function of the prostate, and this hormone plays a critical role in
the carcinogenesis process. Thus, anti-androgen therapy has for decades played a
key role in the treatment of advanced disease, and increasingly is utilized in multi-
modality therapy involving combination therapy with radiation, traditional chemo-
therapy, and novel biological treatments. Thus, the number of prostate cancer
patients experiencing anti-androgen therapy to cure or prolong life continues to
increase.

Regardless of the approach to reducing testosterone concentrations or antagoniz-
ing specific steps in androgen signaling, such as surgical castration or pharmaco-
logic means, the impact is a complex syndrome that has many physiological and
psychological effects on the patient. Of significant concern is the loss of lean muscle
mass, increased fat mass, reduced muscle strength, and lower bone mineral density,
that place men at greater risk for functional decline and frailty [2-9]. Emerging
evidence also suggests that ADT increases risk for metabolic syndrome and its con-
sequences, including cardiovascular disease (CVD) [9]. When we consider that
many men in affluent nations have pre-existing obesity and cardiometabolic disor-
ders prior to the diagnosis of prostate cancer, a cancer therapy that potentiates these
conditions should be of major concern. As prolonged administration of ADT
becomes increasingly common, particularly with the growing array of effective
anti-androgens and multimodality treatment strategies in the adjuvant and neoadju-
vant settings, many men will cope with lasting treatment-related physiological
effects that meaningfully compromise their physical function and quality of life and
heighten the risk of comorbid metabolic and cardiovascular events. In recent
decades, we have increasingly appreciated the critical role of diet and exercise in
maintaining health and preventing disease across the lifespan [10]. Furthermore, the
utility of diet and exercise as part of a therapeutic plan for those with metabolic and
cardiovascular disease is clear, yet poorly supported by our health care system.
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Consequently, it is very clear that prostate cancer patients should be a critical target
for defining the feasibility and efficacy of interventions that preserve or promote
health and functional abilities through evidence based diet and exercise programs
[2, 6, 11-18].

The objective of the present chapter is to provide a brief overview of the emerg-
ing studies that illustrate the effects of exercise and dietary interventions, both sepa-
rately and in combination, among PCa patients/survivors. At the outset, we feel that
the research in on this topic is in the very early phase of development, and that
continued research to define effective interventions, to personalize strategies for
diverse patient characteristics, and to insure durable efficacy are all critically
needed. We also recognize that diet and fitness interventions must be individualized
to manage energy balance and obesity issues relevant to each patient. Results from
systematic reviews and findings of randomized controlled trials involving the use of
energy balance interventions in PCa treatment are provided in this review.
Implications of behavioral weight management approaches and how they can be
implemented to guide the design and delivery of lifestyle interventions targeting
men undergoing androgen deprivation therapy are also presented.

Exercise Interventions in the Treatment of PCa Patients
and Survivors

In recent years, results from studies examining the effects of integrating exercise
programs into the treatment and supportive care of PCa patients have emerged.
Findings from multiple well-designed randomized controlled trials [19, 20] and sys-
tematic reviews [21, 22] demonstrate that exercise interventions consistently result
in significant, clinically meaningful improvements in muscular strength, physical
function, and quality of life in PCa patients. Thorsen et al. [22] conducted a system-
atic review of studies regarding physical activity in PCa patients focusing upon the
outcomes, prevalence, and determinants of physical activity. Results of six interven-
tion studies of modest size (404 men total) demonstrated that physical activity inter-
ventions yielded the most favorable improvements in muscular fitness, physical
function, fatigue, and select quality of life outcomes. Findings from six cross-
sectional studies (2121 men) evaluating physical activity participation revealed
wide variability in prevalence of physical activity efforts, with 30-70% of PCa
patients or survivors reporting engaging in regular physical activity programs.
Focht et al. [21] conducted a systematic review of nine studies (684 men) exam-
ining the effects of exercise on disablement process model outcomes among PCa
patients undergoing ADT [21]. Consistent with the findings from intervention stud-
ies in the Thorsen et al. [22] review, exercise consistently yielded clinically mean-
ingful improvements in an array of relevant physiologic, fitness, and patient-reported
outcomes [22]. However, considerable heterogeneity in the magnitude of
improvement in outcomes across the disablement process model domains was
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observed. For example, whereas the most pronounced improvements were observed
for muscular strength (Cohen’s d effect size = 0.74) and muscular endurance
(d = 2.34), improvements in performance measures of physical function were
accompanied by a moderate effect size (d = 0.46). It is particularly noteworthy that
in contrast to change in muscular fitness and physical function, the exercise pro-
grams studied resulted in a small effect size improvement in body composition
(d=0.08), suggesting that ADT may make it more difficult to achieve this goal than
in men with normal testosterone, a topic warranting additional research. Behavioral
interventions that preserve or improve body composition are of particular value to
PCa patients on ADT given the established adverse effects the treatment has on lean
body mass, fat mass, and body composition. These early observations suggest that
we must conduct studies of various exercise programs to better define optimal or
desired outcomes regarding body composition in PCa patients. Nevertheless, we
interpret the findings as underscoring the benefit of exercise interventions in pre-
serving lean body mass and more favorable overall body composition in patients
undergoing ADT. Notably, ADT has been associated with increases of approxi-
mately 8% body fat and 2% decrease in lean body mass across a year or more of
treatment [23]. However, our systematic review demonstrated that PCa patients on
ADT who received concomitant exercise therapy did not experience the deleterious
effect upon body composition but rather exhibited small improvements in indices of
body composition. Consequently, it was concluded that exercise interventions
appear to have a protective effect by attenuating adverse changes in body composi-
tion that are consistently documented with administration of ADT [21]. It is impor-
tant to acknowledge, the effect of exercise interventions upon body composition are
influenced by the characteristics of the exercise training stimulus. Accordingly, it is
possible that the intensity, volume, frequency, and length of the exercise interven-
tions reviewed were inadequate to stimulate optimal improvement in body composi-
tion. Indeed, results from Galvao et al. [24] demonstrated that an intensive 12 week
combined aerobic and strength training intervention resulted in an increase in nearly
2 kg of lean body mass in PCa patients undergoing prolonged ADT. Together, the
findings demonstrate that exercise interventions resulted in meaningful improve-
ments in muscular fitness and physical function outcomes. Such improvements in
strength, endurance, and functional performance are of clinical relevance among
aging men with PCa given their increased risk for loss of muscle mass, functional
decline, and frailty.

Collectively, results from the exercise-PCa literature suggest that exercise inter-
ventions consistently yield significant, clinically meaningful improvements in a
variety of relevant outcomes including muscular strength, muscular endurance,
physical function, fatigue, and quality of life. However, while exercise alone did not
consistently yield similar magnitude improvement in body composition, exercise
interventions appear to attenuate adverse changes in body composition that are fre-
quently observed in PCa patients on ADT. These findings are consistent with evi-
dence from the behavioral weight management literature demonstrating that exercise
alone does not result in the most favorable change in body weight and body
composition outcomes [25]. Thus, from an energy balance perspective, while
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increased energy expenditure via exercise participation results in meaningful
improvements in fitness, physical function, and patient reported outcomes, exercise
alone may not produce optimal improvement in measures of obesity, body weight
and/or body composition-related outcomes in PCa patients.

Dietary Interventions in the Treatment of PCa Patients
and Survivors

Consistent with exercise-PCa research, there is growing interest in the role of dietary
patterns and specific nutrients or foods in the prevention of PCa, as reviewed in the
current Dietary Guidelines for America or the American Institute of Cancer Research
recommendations [10, 26]. There is much less scientific literature regarding the
optimal dietary patterns or the role of specific foods or nutrients relative to optimi-
zation of PCa treatment or in survivorship. It is reasonable to examine the literature
on prostate prevention and propose hypotheses regarding how dietary patterns,
foods, or nutrients impacting risk may also have potential benefits during therapy or
for post therapy survivorship, but one should be cautious about making strong
assumptions when study data is lacking. Much of the research in prevention has
focused upon the association and/or effects of specific nutrients, vitamins and min-
erals, phytochemicals, and whole foods on PCa prevention and progression [10,26].
Currently, there is no convincing evidence for any one dietary component, food, or
nutrient that can substantially impact prostate cancer risk [10, 26]. While are a num-
ber of variables under study associated with a lower risk, data is not substantial
enough to support public health recommendations or interventions for higher risk
individuals. Continued efforts examining diets rich in tomato products, soy, vitamin
D, selenium, omega-3 fatty acids, energy balance, or dietary patterns such as a
Mediterranean diet remain the focus of research in prostate cancer prevention. At
the present time, advances in statistical analysis are providing epidemiologists with
tools to examine more complex dietary patterns and their impact on risk and pro-
gression of PCa. Indeed, energy balance combined with other dietary variables may
act in concert to impact health outcomes, such as prostate cancer risk. The complex-
ity of PCa in humans, as reflected in its significant heterogeneity in response to
therapy and duration of survivorship, may suggest a variety of disease subtypes,
ranging from rather indolent to aggressive phenotypes. Continued efforts to subtype
PCa by molecular tools and other biomarkers into unique subtypes will improve the
precision of our nutritional research in the future.

Considerably less research has explored the effects of interventions designed to
modify specific nutrients, foods, or overall dietary pattern/intake and energy bal-
ance on PCa outcomes [27]. A brief summary of limited evidence examining dietary
interventions in PCa patients is provided in this section. Results from recent system-
atic reviews targeting body weight have yielded promising, yet inconsistent findings.
Mohamad et al. [28] summarized the effects of six randomized trials investigating
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the effects of dietary interventions upon body weight and body composition among
PCa patients. Results demonstrated that dietary interventions based upon a lower fat
strategy or caloric restriction suggestetd superior improvements in body weight and
body composition when compared to other dietary intervention approaches.
Additionally, diet interventions alone produced more favorable weight loss relative
to exercise interventions alone, a finding consistent with the majority of trials in
behavioral weight management literature [25, 29, 30].

Similarly, in a systematic review of dietary interventions, Hackshaw-McGeagh
etal. [31] indicated no convincing associations with prostate cancer outcome. While
there is limited evidence that select nutrient and food intake is linked with more
favorable PCa risk and progression, existing research on dietary interventions in
PCa patients is characterized by heterogeneous methodology, outcome assessments,
and often of limited statistical power [31]. Consequently, it was concluded the
impact of dietary interventions cannot presently be reliably estimated and optimally
powered, large scale randomized intervention trials are warranted to evaluate the
extent to which various dietary interventions may yield preventative and therapeutic
benefits.

It is critical to acknowledge that although associations between specific nutri-
ents, foods or dietary patterns and PCa outcomes are inconsistent, there is accumu-
lating evidence of the link between obesity and risk of advanced PCa [26], which is
supported by many studies in experimental models [32, 33]. For example, adult
weight gain was associated with significantly increased risk of fatal PCa in two
large cohort studies [34, 35]. Additionally, a recent systematic literature review
found that several different measures of obesity including body mass index, waist
circumference and waist-hip ratio each demonstrated a dose-response relationship
with risk of advanced prostate cancer [26]. Nonetheless, randomized controlled
trials examining the extent to which dietary-induced modifications in energy bal-
ance and/or accompanying reduction in body weight results in favorable PCa out-
comes remains limited. Presently, dietary recommendations for PCa patients and
survivors emphasizes achieving/maintaining a healthy body weight through healthy
dietary intake and regular physical activity participation, as would be appropriate
for other patients at risk of metabolic syndrome and its complications. Thus, a
dietary pattern advocated for prevention of prevalent chronic disease such as car-
diovascular disease and diabetes including a nutrient dense diet that incorporates
whole grains, fruit and vegetable intake, and lower levels of saturated fat consump-
tion are currently recommended for PCa patients and survivors [26]. Consistent
with this position, lifestyle recommendations from the expert panel of the World
Cancer Research Fund/American Institute for Cancer Research (WCRF/AICR)
encourages individuals to: (1) maintain a healthy body weight, (2) be as lean as
possible without being underweight, (3) limit consumption of red meat, processed
meat, sugary drinks, and energy dense foods, (4) promote increased intake of fruits,
vegetables, whole grains, and legumes; and (5) participate in regular physical activ-
ity of at least 30 min/day [36].

In summary, there is mounting interest in the role of dietary interventions in the
prevention of PCa, during therapy, and survivorship. A majority of the extant
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research in this line of inquiry has focused upon the role of specific nutrients, phy-
tochemicals and individual foods in PCa prevention and progression [31, 37].
Although findings from this research are promising, they remain characterized by
small sample sizes, heterogeneity in methods and outcome assessments, and select
methodological limitations which detract from the ability to presently draw defini-
tive conclusions regarding the therapeutic efficacy of diet and nutrition for PCa
treatment. Finally, although epidemiological evidence demonstrates a link between
obesity during specific stages of the life cycle and increased risk of aggressive PCa,
the extent to which dietary-induced change in energy balance and body weight is
effective for changing the course of disease has yet to be systematically investi-
gated. Large-scale randomized controlled trials designed to delineate the effects of
dietary-induced changes in energy balance and body weight are warranted to evalu-
ate the efficacy of integrating dietary interventions in PCa treatment.

Combined Exercise and Dietary Interventions
in the Treatment of PCa Patients and Survivors

Given the challenges faced by aging men in managing PCa symptoms and the
adverse effects of traditional PCa treatments upon metabolic syndrome and other
quality of life outcomes, it is appropriate to empower men and caregivers with
knowledge regarding the benefits of regular exercise and healthy dietary habits [26,
38, 39]. The benefits of exercise for PCa patients and survivors on intermediate
outcomes are clear [21, 22] and the evidence regarding the potential utility of dietary
interventions on high-risk metabolic outcomes, is also promising. However, despite
the potential utility of each of these approaches alone, lifestyle interventions com-
bining exercise and diet modification likely represent the optimal approach for the
management of PCa patients and survivors. As we noted previously, given the fre-
quency of implementing ADT in PCa treatment, the adverse effects of this approach
place patients at increased risk for weight gain, metabolic syndrome, sarcopenic
obesity, cardiovascular disease, functional decline, and mobility disability.

It is well established within the behavioral weight management literature that
modifying both energy expenditure through regular physical activity/exercise par-
ticipation and energy intake via changes in dietary behavior are integral to success-
ful behavioral weight management and more favorable change in body composition
and various chronic disease risk factors [40-42]. Indeed, evidence from multiple
large-scale lifestyle intervention trials demonstrate that combined exercise and
dietary interventions result in superior improvements in weight management out-
comes, mobility performance, and select cardiovascular and metabolic disease risk
factors. Notably, findings from the ADAPT and IMPACT trials illustrated that a
combined exercise and dietary weight loss intervention that elicited intentional
weight loss resulted in superior improvements in weight loss, physical function,
quality of life, and select inflammatory and biomarkers of chronic disease relative
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to exercise or diet alone among older overweight, obese knee osteoarthritis patients
[29, 30, 43, 44]. Similarly, findings from the Cooperative Lifestyle Intervention
Program (CLIP) trial also revealed that a community-based lifestyle exercise and
dietary weight loss intervention yielded significantly greater improvement in weight
loss, mobility performance, and quality of life relative to exercise alone or a suc-
cessful aging control condition among obese older adults with cardiovascular dis-
ease and/or metabolic syndrome [45].

Collectively, these findings suggest lifestyle interventions designed to promote
change in both exercise and dietary behavior yield superior changes for an array of
outcomes that are of clinical relevance to PCa patients and survivors. Hence, the
synergistic effects of combining exercise and diet could augment the beneficial
impact of either approach alone for men with PCa. Research examining the impact
of such combined lifestyle interventions in men with PCa remains relatively limited
at the present time, thus care is required in presenting the state of science to patients.
However, there is growing interest in the potential utility of implementing lifestyle,
behavioral weight management intervention approaches with confidence that physi-
cal performance and function outcomes can be improved, and that biomarkers of
metabolic syndrome including hemoglobin Alc, lipid profiles, and hypertension
can be favorably impacted. In the following section of this chapter, we provide a
summary of the extent studies investigating the effects of lifestyle interventions
combining exercise and diet in the treatment of PCa patients.

Ornish et al. [46] conducted a valuable intervention study focusing upon a strict
lifestyle program involving modifications in both exercise and dietary behavior
among men with PCa. The objective of this two-arm randomized controlled trial
was to compare the effects of an intensive lifestyle intervention with those of usual
care among 93 early-stage PCa patients who had chosen active surveillance. The
multi-component lifestyle intervention involved a shift to a vegan diet promoting
consumption of fruit and vegetables, whole grains, legumes, and soy coupled with
6 days per week of 30 min of moderate intensity walking. In addition to the exer-
cise and dietary components, men in the lifestyle intervention were encouraged to
practice stress management techniques (i.e., gentle yoga, meditation, imagery, pro-
gressive muscle relaxation) daily, and adopt a supplement regimen of selenium, fish
oil, and vitamins E and C. Prior to reviewing the results, it is important to place this
study in context of current knowledge. Although supplement intake was promoted
in the lifestyle intervention, the most recent WCRF/ AICR report recommends that
individuals not rely on using supplements to prevent cancer or cancer progression
[36]. Furthermore, a study of vitamin E and selenium for prostate cancer preven-
tion, well known as the SELECT (selenium and alpha-tochopheral study) sup-
ported by the National Cancer Institute failed to detect any benefits for PCa
prevention and highlighted several risks [47]. Assessments of serum PSA, serum
stimulated LNCaP cell growth (a bioassay using an androgen-dependent cell line to
evaluate changes in the growth promoting effects of human serum before and after
an intervention), C-reactive protein (CRP), and testosterone were obtained at base-
line and 12-month follow-up. No assessments of change in body weight, body com-
position, or physical function were reported. Six men assigned to usual care active
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surveillance withdrew and underwent standard of care PCa treatment. Conversely,
no patients randomized to the lifestyle intervention began conventional treatment.
This is not an unusual observation when men enroll in a randomized diet and exer-
cise study and are then assigned to a control group that is perceived as less favor-
able. Men randomized to the intensive lifestyle intervention demonstrated
successful adoption and adherence to changes in diet, exercise, and stress manage-
ment strategies. Results revealed that lifestyle intervention patients demonstrated
more favorable changes in PSA and that serum from participants promoted less
LNCap cell growth in vitro relative to serum from men in the control arm after the
completion of the 12 months of intervention than the usual care approach.
Additionally, changes in diet and exercise behavior were significantly associated
with change in PSA and LNCap cell growth at 12 month follow-up. At a 2 year
follow-up assessment, 13 usual care patients (27%) and 2 lifestyle intervention
(2%) patients had transitioned from active surveillance to conventional PCa treat-
ment [48]. Results at the 2-year follow-up also revealed no difference in death,
cardiac events, total PSA, or quality of life between the usual care and lifestyle
intervention groups. However, ancillary analysis demonstrated that irrespective of
treatment group assignment, patients that reported adopting and maintaining
healthier lifestyle behaviors reported more favorable levels of quality of life, per-
ceived stress, and sexual function [49]. While the intensive lifestyle intervention
resulted in the significant benefits in biomarkers and a cell culture based bioassay
relative to the usual care approach at 12 months, these improvements were not
maintained at the subsequent 2 year follow-up assessment, when the intensity of
intervention declines [48] What is the key “take-home” message from this study is
that men with PCa, particularly that chose active surveillance for indolent cancer,
are a logical target for large intervention studies focusing upon optimal dietary and
physical activity interventions. It is also worthy of mention that the Ornish-type
intervention in non-cancer patients has demonstrated impact on multiple cardiovas-
cular outcomes [50]. Indeed, the significant competing mortality from cardiovascu-
lar and other chronic diseases in men with PCa, and potentially accentuated by
hormone therapy, is a major concern.

The Reach Out to Enhance Wellness trial was a 2-arm randomized controlled
trial comparing the effects of a home-based exercise and dietary weight loss inter-
vention to those of a wait list control group in 641 overweight cancer survivors [51].
A total of 261 of the participants were PCa survivors. The home-based lifestyle
intervention consisted of providing each participant with exercise and dietary
instructional materials, self-monitoring logs, pedometers, resistance exercise bands,
and telephone counseling sessions. Cancer survivors randomized into the lifestyle
intervention were encouraged to accrue 30 min of daily aerobic exercise and 15 min
of strength training using the resistance bands every other day. With regard to
dietary recommendations, participants were encouraged to increase fruit and vege-
table intake and decrease caloric and saturated fat intake with a long-term goal of
producing loss of 10% of initial body weight. Results revealed that although the
home-based weight loss intervention resulted in generally modest change in
survivors’ exercise and dietary behaviors, it did produce significantly greater weight
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loss relative to the control group. Additionally, the lifestyle intervention signifi-
cantly attenuated the decline in physical functioning observed in the control group
at 12 month follow-up [51]. Thus, the encouraging results suggest that strategies to
provide a more intense intervention with greater compliance may improve on the
benefits reported.

Analysis at 2 year follow-up, after the wait-list control group had also received
the lifestyle intervention, demonstrated that both the lifestyle intervention and
delayed treatment resulted in significant improvements in body mass index, self-
reported diet quality and physical activity participation, and physical function when
compared to baseline values. Collectively, these findings illustrate that a home-
based exercise and diet intervention results in modest weight loss and significant
benefits for select physical function and patient reported outcomes that are main-
tained for up to 2 years in a large sample of overweight cancer survivors [52].

Nobes et al. [53] compared the effects of a lifestyle exercise and dietary interven-
tion combined with metformin with those receiving usual care in a sample of 40
PCa patients undergoing ADT. The lifestyle intervention involved providing patients
with exercise and dietary advice designed to promote independent adoption of regu-
lar exercise and a low glycemic index diet. Additionally, patients in the lifestyle
intervention received a daily 850 mg dose of metformin which was increased to
twice daily doses after 2 weeks of the intervention. Assessments of various physio-
logic and biomarker outcomes were obtained at baseline and 3 and 6-month follow-
up. Findings revealed the lifestyle intervention combined with metformin resulted
in superior improvements in weight loss, abdominal circumference, and blood pres-
sure relative to usual care at 3 months. This study suggests that novel combinations
of pharmaceuticals with diet and exercise interventions should be considered for
future large scale interventions.

Bourke et al. [54] compared the effects of a 12-week exercise and dietary inter-
vention with those receiving standard-of-care treatment in 50 PCa patients undergo-
ing ADT. The exercise component of the intervention involved two supervised
exercise sessions per week comprised of 30 min of aerobic exercise at 55-85% of
maximum heart rate and 2—4 sets of resistance exercises targeting the major muscle
groups. In addition to supervised exercise, patients were encouraged to complete
1-2 independent exercise sessions per week. Men in the lifestyle intervention also
received dietary advice via printed materials and bi-weekly healthy eating seminars.
The dietary advice encouraged men to reduce their intake of saturated fat and refined
carbohydrates and increase dietary fiber intake. Men in the usual care arm received
normal contact and follow-up with their oncology nurse and urologist at their
respective treatment clinic. Assessments of exercise and dietary behavior, fitness,
anthropometrics, and patient reported outcomes were obtained at baseline, 12
weeks, and 6 months. The lifestyle intervention had acceptable recruitment (64%),
adherence (95% to supervised sessions), and attrition (14% during the 12-week
intervention) rates. Loss to follow-up at the 6-month assessment was considerably
higher at 44% for the study. The lifestyle intervention yielded significant, meaning-
ful improvements in adoption of exercise and dietary behavior, less fatigue, greater
aerobic fitness, and improved muscular strength relative to usual care at 12 weeks.
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Additionally, the improvements in these outcomes were maintained at 6-month
follow-up. The findings from this randomized controlled pilot study indicated that a
pragmatic lifestyle intervention resulted in significantly greater improvement in
clinically relevant outcomes in PCa patients undergoing ADT.

In a larger scale follow-up trial, Bourke et al. [55] examined the effects of a 12
week lifestyle intervention they piloted in their prior investigation [54] in 100 men
with locally advanced or metastatic PCa on long-term ADT. Assessments of exer-
cise and dietary behavior, fitness, quality of life, and blood pressure were obtained
at baseline and12 week and 6 month follow-ups. Results demonstrated that the life-
style intervention yielded significant improvements in quality of life, fatigue, fit-
ness, exercise participation, and favorable dietary outcomes. Furthermore,
improvements in fatigue, exercise participation, and fitness observed at 12 weeks
were found to persist to the 6-month follow-up. In addition to the primary trial out-
comes, findings from an ancillary analysis of a subsample of 50 PCa patients
revealed the lifestyle intervention produced significant improvements in vascular
function (as assessed by flow-mediated dilation of the brachial artery), muscle mass,
aerobic fitness, and exercise participation following the 12-week intervention.
However, only the significant improvement in aerobic fitness was maintained at
subsequent 6-months follow-up assessment. These findings replicate and extend
previous work demonstrating the potential promise of a lifestyle intervention target-
ing change in both exercise participation and dietary intake in the supportive care of
PCa patients on ADT [55].

O’Neill et al. [56] compared the effects of a 6 month home-based exercise and
dietary intervention with those of a standard of care approach in 94 PCa patients
undergoing ADT. Assessments of body composition (obtained via four site skinfold
caliper measurement), functional performance (6 min walk time), fatigue, quality of
life, and exercise and dietary behavior were obtained at baseline and 3-month and
6-month follow-up. The exercise component of the lifestyle intervention involved
encouraging participants to engage in 30 min of home-based, self-directed moder-
ate intensity walking 5 or more days per week. Patients were provided a pedometer
and asked to record daily and weekly step counts. The dietary component of the
lifestyle intervention individually tailored dietary recommendations emphasizing a
shift toward intake recommended within the UK healthy eating guidelines. Specific
aspects of the recommendations included increasing fruit and vegetable intake to
>5 servings per day, decrease fat intake to <30% of total daily caloric intake with
<10% from saturated fat, and limit consumption of processed meats, alcohol, and
food high in salt and sugar. Overall, adherence to exercise (91%) and retention
(96%) were excellent. Results revealed the lifestyle intervention resulted in superior
weight loss and improvement in fat mass relative to standard of care. Additionally,
the exercise and dietary intervention yielded significant increases in functional per-
formance and successful adoption of change in exercise participation and dietary
intake when compared to men receiving standard of care.

Collectively, the findings from the limited number of combined exercise and
dietary interventions provide support for the utility of implementing this approach
in the treatment of PCa patients and survivors. A lifestyle intervention approach
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may be particularly relevant for patients treated with ADT. A common adverse
effect of ADT is an increase in weight and body fat in parallel with a decrease in
muscle mass and strength, which in turn, place PCa patients at increased risk for
functional decline, metabolic syndrome, and their respective complications. In
addition to management of energy balance, diet composition is a critical risk factor
for these pathologic processes and optimization of dietary patterns to those defined
by Dietary Guidelines for Americans [10] and the WCRF/AICR [36] are desirable.
Thus, the additive or synergistic benefits of concomitant change in both exercise
and dietary behavior could represent an approach for offsetting the adverse effects
experienced by PCa patients during ADT while also empowering patients to con-
tribute to their health.

Although these findings underscore the potential value of implementing com-
bined exercise and dietary interventions in the treatment of PCa patients, these stud-
ies also demonstrate the meaningful challenges associated with promoting adoption
and adherence to exercise and dietary behavior change. Notably, select studies were
characterized by very high attrition rates at post-treatment follow-up [54, 55].
Additionally, clinically meaningful improvements in various clinically-relevant out-
comes accompanying the lifestyle intervention were not maintained at longer term
follow-up in select studies [48, 55].

The deterioration of benefits following lifestyle interventions have been pro-
posed to be directly related to poor post-treatment strategies, particularly reliance
upon self-directed adherence to the defined exercise and dietary behavior change
[57-59]. Thus, adherence to the desired behavior changes are essential determinants
to achieve longer term efficacy regarding meaningful disease endpoints, and these
findings underscore the pressing need to explore novel approaches to promoting
successful adoption and maintenance of independent exercise and dietary behavior
among PCa patients. One approach, a group-mediated cognitive behavioral (GMCB)
lifestyle intervention based on social cognitive theory and the group dynamics lit-
erature [60], has recently produced superior adherence to exercise and dietary
behavior change and also yielded significant improvements in a variety of clinically
relevant outcomes for PCa patients in randomized trials targeting chronic disease
patients [59, 61]. The GMCB intervention couples exercise and dietary behavior
change with self-regulatory skills counseling in order to promote independent main-
tenance of lifestyle behavior change and to sustain intervention-induced improve-
ments in relevant outcomes. Although these findings suggest an integrated lifestyle
intervention holds promise for improving the utility of lifestyle exercise and dietary
interventions targeting PCa patients, the feasibility and efficacy of implementing
this approach in the treatment of PCa patients undergoing ADT has not been
investigated.

Recognizing these challenges, we recently completed the Individualized Diet
and Exercise Adherence (IDEA-P) trial [62, 63], a randomized controlled pilot trial
designed to examine the feasibility and preliminary efficacy of a combined exercise
and dietary intervention (EX+D), implementing a group-mediated cognitive behav-
ioral (GMCB) lifestyle intervention approach, relative to standard-of-care control in
the treatment of PCa patients undergoing ADT. A key component of our EX+D
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intervention is the use of the GMCB approach to promote the development and
practice of the key behavioral self-regulatory skills, harness the social dynamics of
small groups to support motivation for behavior change, and personalize the inter-
vention to each PCa patient’s needs to improve adoption, adherence, and interven-
tion impact. We provide a detailed summary of the IDEA-P trial methodology and
findings in the following section of the chapter.

The IDEA-P trial compared the effects of a 12 week lifestyle exercise and dietary
intervention using the GMCB approach with those of standard of care treatment in
32 PCa patients undergoing ADT. The lifestyle intervention was specifically
designed to facilitate exercise and dietary behavior change and promote adherence,
independent of study staff, to these changes in lifestyle behavior. The exercise com-
ponent of the EX+D intervention integrated a combination of resistance and aerobic
exercise performed twice per week. All exercise sessions lasted 1 h in duration. The
exercise prescription was tailored to each individual’s baseline functional abilities
and exercise tolerance/capacity. Consequently, resistance exercise load, volume,
and volume-load and aerobic exercise duration and intensity was guided by each
participant’s exercise tolerance and gradually increased across the intervention to
progress towards optimal, targeted prescription ranges.

Given that a primary goal of the intervention was to offset ADT-induced declines
in muscle mass and strength, resistance exercise was the focal aspect of center-
based training sessions. The resistance exercise stimulus involved performing 3 sets
at each individual’s 8 repetition maximum (RM; i.e., the most weight that an indi-
vidual can lift for the specified number of repetitions) to 12RM at a rating of per-
ceived exertion (1-10) ranging from 3 (Moderately Hard) to 6 (Hard) for 9 different
exercises (leg extension, leg curl, chest press, lateral pull-down, overhead press,
triceps extension, bicep curl, calf raises, and abdominal crunch). A 1-2 min rest
interval was maintained between each set, and all sets were performed in a symptom-
limited manner. The aerobic exercise stimulus consisted of 10-20 min of exercise
performed at a rating of perceived exertion (1-10) ranging from 3 (Fairly Light) to
4 (Moderately Hard) on the participant’s choice of a treadmill, stationary cycle, or
elliptical trainer. Participants were also encouraged to gradually increase indepen-
dent, home-based exercise participation and purposeful activity and decrease seden-
tary time in order to progress towards accruing a volume of physical activity
consistent with national guidelines for health (i.e., 150 min of physical activity per
week and 10,000 steps per day). The objective of the GMCB intervention was to
integrate group-based cognitive behavioral counseling with exercise therapy to
facilitate the development, practice, and mastery of key activity-related self-
regulatory skills (i.e., self-monitoring, group and individual goal setting, barrier
problem solving, action planning, relaxation/pain management strategies), while
using group dynamics as an agent supporting behavior change, to promote exercise
adherence, increased physical activity participation, modification in dietary intake,
and reengagement in challenging ADLs. The GMCB approach concomitantly
titrates away from supervised center-based exercise and dietary intervention
emphasizing progressively more independent self-regulation of exercise and behav-
ior and dietary intake [59, 64].
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The fully integrated dietary component of the EX+D intervention included ten
nutritional counseling sessions with a registered dietitian. The first eight counseling
sessions were conducted in a group setting, once per immediately following a
center-based exercise session during months 1-2. The two remaining sessions were
conducted via biweekly phone calls during weeks 9—12. The dietary components of
the intervention was modest in intensity, but certainly more than what is provided as
standard of care in cancer clinics, and aimed to provide basic nutrition education to
all participants, address contemporary topics in nutrition and cancer and provide
individualized guidance toward adopting a healthy dietary pattern The nutrition
intervention was designed consistent with the dietary objectives recommended by
2010-2015 Dietary Guidelines for Americans, the American Heart Association/
American College of Cardiology [10, 65, 66], the WCRF/AICR [36] and the
American Cancer Society [38, 67, 68]. The nutrition counseling also built upon
many of the cognitive-behavioral self-management strategies utilized in the exer-
cise intervention including self-monitoring, building self-efficacy, goal setting, and
anticipating and overcoming barriers to dietary behavior change. Men randomized
to the control arm received usual PCa treatment and standard disease management
education, as well as additional educational literature describing the WCRF/AICR
dietary and physical activity guidelines and education. Men receiving standard of
care also received bi-weekly calls from clinic staff focusing upon routine aspects of
PCa self-management.

Assessments of mobility performance (400 m walk and stair climb performance),
muscular strength, body composition (body fat percentage, fat mass, and fat free
mass), and exercise and dietary behavior were obtained at baseline, 2 months, and 3
months. The lifestyle intervention had acceptable recruitment (59%), adherence
(88%), and retention (88%) rates. The lifestyle exercise and dietary intervention
yielded significant, meaningful improvements in mobility performance, muscular
strength, body weight, body composition, and exercise participation, and select
aspects of dietary intake at 2 month follow-up. Additionally, men successfully sus-
tained independent adherence to the exercise and dietary behavior change in Month
3 and the improvements in these outcomes were maintained at the 3 month follow-
up assessment. Findings from the IDEA-P trial demonstrated that a personalized
exercise and dietary intervention resulted in excellent retention and compliance and
produced significant, clinically meaningful improvements in mobility performance,
body composition, and muscular strength outcomes relative to standard of care in
PCa patients undergoing ADT. In addition to the favorable outcomes observed in
IDEA-P, the trial findings also suggest that the EX+D intervention was successful in
promoting adoption and short-term maintenance of independent, self-regulated
exercise and dietary behavior change. Therefore, the IDEA-P trial is one of the first
studies demonstrating the feasibility and preliminary efficacy of a personalized
GMCB-based lifestyle intervention in countering the well-established functional,
musculoskeletal, and body composition changes associated with ADT. It is also par-
ticularly important to acknowledge that over 80% of men randomized to the lifestyle
intervention in IDEA-P were classified as overweight or obese. Consequently, mod-
est daily caloric restriction was a primary goal of the dietary portion of the interven-



8 The Integration of Exercise and Dietary Lifestyle Interventions into Prostate Cancer... 157

tion. It is notable that select patients in the intervention arm were not overweight
and could be characterized as being more frail thus requiring dietary modification
tailored to aid in efforts to maintain and/or increase lean body mass. This variation
in weight status at baseline highlights the potential patient heterogeneity that can be
evident when initiating lifestyle interventions and underscores the importance of
personalizing the exercise and dietary intervention approaches to PCa patients’ spe-
cific needs.

In summary, findings addressed in this section of the chapter provide accumulat-
ing and rather strong evidence supporting the benefits of lifestyle interventions
designed to promote exercise and dietary-induced modifications in energy balance
for PCa patients and survivors. Indeed, exercise and dietary interventions, both sep-
arately and in combination, result in consistent improvements in clinically-relevant
outcomes and show promise for being integrated into the supportive care of PCa.
Nonetheless, given the limited extant evidence, considerably more research is
needed to define optimal, personalized lifestyle intervention approaches that pro-
mote sustained adherence and maximal lasting therapeutic benefits that, in turn, are
balanced against cost to the health care system. Although we are biased in our belief
that the time and effort of nutritionists and exercise/fitness professionals involved in
lifestyle intervention delivery provides excellent cost/benefit value when measured
against many of the expensive pharmaceutical interventions currently provide to
PCa patients, this cost and value has yet to be clearly defined. Thus, it is critical that
future inquiry addressing the efficacy of exercise and dietary interventions has focus
upon delineating the cost effectiveness of integrating such lifestyle interventions in
the treatment of PCa. In addition to combination diet and physical activity studies,
we also feel that additional research documenting the independent effects of exer-
cise and diet interventions are warranted to better delineate the potentially unique
characteristics and benefits associated with each type of intervention, which in turn
will assist in the design of future studies integrating strategies. For example, further
inquiry designed to define the exercise stimulus characteristics (i.e., frequency,
mode, intensity, duration, volume) that promote favorable change in body composi-
tion physiologic, fitness/function, and quality of life outcomes would be valuable.
Advances in this area will inform best practices for the development and implemen-
tation of exercise prescription efforts for PCa patients. Similarly, additional research
addressing the effects of dietary composition, dietary patterns, nutrient intake, and
food factors will contribute to the enhanced knowledge and practice of promoting
healthy dietary practices before, during, and following PCa treatment.

Provided the importance of promoting effective behavioral weight management
among PCa patients, it is reasonable to suggest the synergistic benefits of lifestyle
interventions targeting change in both exercise and dietary habits make this approach
particularly promising as a supportive care intervention for PCa. Nonetheless,
despite the promising findings, there are still few studies specifically examining
combined exercise and dietary interventions in PCa patients and the limitations evi-
dent in the research must be acknowledged. Notably, many of the lifestyle
intervention studies conducted to date in PCa patients have failed to employ blinded
outcomes assessments or intention-to-treat analysis and are generally characterized
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by small sample sizes and relatively high rates of attrition and/or loss to follow-up
[28, 62]. In light of the relatively limited extant research addressing the feasibility
and efficacy of exercise and dietary interventions presently available, future well
designed, optimally powered randomized controlled lifestyle intervention trials are
necessary to elucidate the benefits of these approaches, define the optimal methods
for designing and delivering such lifestyle interventions, and determine how to
develop and extend the scalability and reach of these lifestyle interventions in order
to successfully integrate exercise and diet more directly in the supportive care of
PCa patients.

Considerations for Implementing Lifestyle Interventions
in the Treatment of PCa: Lessons Learned from Behavioral
Weight Management Research

Mounting evidence demonstrates the role of obesity in cancer recurrence and mor-
tality [69, 70]. Additionally, the American Society of Clinical Oncology has sug-
gested that obesity is poised to exceed tobacco use as the leading preventable cause
of cancer in the U.S. [71]. Consistent with the emerging evidence supporting the
myriad of benefits accompanying exercise and dietary interventions across the can-
cer control continuum, there is growing interest in the utility of implementing
behavioral weight management approaches in the treatment of cancer patients and
survivors. Indeed, it is now recommended that cancer survivors maintain as lean
and healthy body weight as possible; strive to attain appropriate dietary portion
control; increase intake of fruits, vegetables, and whole grains; limit consumption
of alcohol, sugar, salt, and high caloric, low nutrient dense foods, and accrue
150 min of physical activity and 2 days of resistance and/or strength training per
week [36, 38, 39, 72].

The efficacy of implementing lifestyle exercise and dietary weight loss interven-
tions in the treatment of overweight or obese individuals as part of comprehensive
behavioral disease prevention and health promotion efforts is well established in the
behavioral weight management literature [42, 73-75]. As the study of the impact of
lifestyle interventions combining exercise and dietary approaches in the treatment
of PCa patients remains a relatively new area of inquiry, we contend there are
important lessons from the behavioral weight management literature that can be
applied to guide future lifestyle intervention research and practice targeting PCa
patients and survivors.

In order to optimize the utility of lifestyle weight management approaches,
it is critical to address the considerable behavioral challenges that overweight
and obese individuals face when engaging in weight management efforts. From
a conceptual position, Perri et al. [74] have proposed that successful behavioral
weight management involves a continuous care approach. A central tenet of this
approach is that obesity is viewed as a chronic condition that necessitates a flex-
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ible, behaviorally-based problem solving approach to treatment requiring patient
vigilance, consistency and long-term, sustained health care provider support. Thus,
flexible, collaborative approaches involving active engagement of the patient and
extended support/contact with healthcare providers to facilitate maintenance of life-
style behavior change are essential aspects of the continuous care model of behav-
ioral weight management.

As it is the largest, long-term randomized controlled lifestyle weight manage-
ment intervention conducted to date, findings from the Action for Health and
Diabetes trial (Look AHEAD) can provide particularly relevant evidence to imple-
ment in guiding lifestyle interventions that may be relevant to our efforts targeting
PCa patients and survivors [76]. Look AHEAD was a multi-center, 2-arm random-
ized controlled trial comparing the effects of an intensive lifestyle intervention with
those of standard diabetes education/support in a sample of over 5000 obese adults
with Type II diabetes. The lifestyle intervention was designed to produce a weight
loss of 7% of initial body weight during the intensive phase of the intervention via
modification of exercise/physical activity participation and dietary intake. The Look
AHEAD findings demonstrated that weight loss and long-term weight loss mainte-
nance can be successfully achieved through a lifestyle intervention focusing upon
modification of physical activity and dietary behavior. Notably, patients randomized
to the lifestyle intervention loss approximately 9% of initial body weight by 12
months. Across the extensive 8-year follow-up period, gradual weight regain was
observed. However, patients largely maintained a 5% weight loss from years 4 to 8
of the trial. In fact, at 8-year follow-up, more than half the patients had sustained
their year 1 weight loss and significantly greater proportions of the lifestyle inter-
vention patients had maintained >5% total weight loss when compared to the stan-
dard diabetes support intervention.

In addition to weight loss, the lifestyle intervention resulted in superior improve-
ments in fitness, glycemic control, and select cardiovascular disease risk factors
[77]. Furthermore, the lifestyle intervention also elicited greater improvements in
physical function [78], body composition [79], and quality of life [80]. Promoting
adoption and adherence to exercise and dietary behavior change is integral to the
success of lifestyle interventions [75, 81, 82]. The Look AHEAD lifestyle interven-
tion’s focus upon behavioral self-regulatory strategies appears to have been particu-
larly critical in contributing to success in adhering to the lifestyle behavior changes
required to successfully maintain weight loss. For example, patients in the lifestyle
intervention reported greater use of weight control-related self-regulatory strategies
such as increased frequency and volume of exercise, greater use of dietary restraint
strategies, decreased caloric intake, regular self-weighing, and more frequent use of
meal replacement shakes [76]. As many PCa patients are overweight or obese and
have, or are at high risk for cardiovascular disease and metabolic syndrome, it
should be recognized the weight loss, biomarkers of chronic disease, and patient-
reported outcomes that were positively impacted by the lifestyle intervention in
Look AHEAD are directly relevant for a considerable proportion of PCa patients
and survivors.
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Findings from the National Weight Control Registry (NWCR) also reinforce the
importance of behavioral self-regulatory skills and weight control strategies in
weight loss maintenance [83]. The NWCR is a 10-year prospective observational
cohort study tracking over 10,000 adults who lost >30 Ibs and maintained that
weight loss for at least 1 year. Consistent with the results of the Look AHEAD trial,
patients who were most successful in maintaining weight loss reported increased
volume of exercise and physical activity participation, greater use of dietary restraint
strategies, more frequent self-monitoring of exercise and dietary behaviors and
body weight (self-weighing), and decreased caloric and dietary fat intake.

Collectively results from the Look AHEAD trial, NWCR, and evidence from the
extant behavioral weight management literature demonstrate that lifestyle interven-
tions promoting modification of exercise and dietary behaviors (i.e., increased exer-
cise and physical activity participation and reduced caloric intake), the development,
practice, and mastery of a toolbox of behavioral self-regulatory strategies, and the
provision of ongoing, personalized support contribute to successful lifestyle-based
weight management. These findings, together with the results of exercise and dietary
interventions implemented, both separately and in combination, within PCa patients,
underscore the potential utility of integrating behavioral lifestyle weight manage-
ment intervention approaches in the treatment of PCa. Given both the relatively
limited amount of lifestyle intervention research directly targeting men with PCa
and that the majority of the behavioral weight management literature has been con-
ducted in individuals who have not been diagnosed with cancer, the extent to which
these approaches will be similarly beneficial for PCa patients has yet to be ade-
quately delineated. Nonetheless, in light of the promising findings observed to date,
the efficacy of implementing lifestyle interventions in the supportive care of PCa
treatment warrants continued systematic inquiry. It is particularly relevant when we
consider that many men live for years and/or decades following a diagnosis of PCa,
and the value of instituting dietary and exercise programs that have lasting impact
on survivorship, age associated disease morbidity, and competing mortality is likely
substantial.

Summary and Future Directions

The findings addressed in this chapter demonstrate the benefits of exercise, diet, and
combined exercise and dietary interventions for PCa patients and survivors and
underscore the utility of integrating lifestyle interventions in the treatment of PCa.
Despite these promising findings, the overall volume of research addressing life-
style interventions in PCa patients remains relatively limited and further systematic
inquiry is warranted to determine many key aspects regarding the therapeutic effi-
cacy of lifestyle interventions for the treatment of men with or recovering from PCa.

As many of the trials conducted to date are characterized by relatively small
sample sizes, and less than optimal intervention and follow-up durations, future
optimally powered, large scale randomized lifestyle intervention trials incorporat-



8 The Integration of Exercise and Dietary Lifestyle Interventions into Prostate Cancer... 161

ing longer duration interventions and follow-up periods are warranted. Research
better delineating the independent and synergistic effects of exercise and dietary
interventions is also important. A focal element of this inquiry should aim to explore
the behavioral and physiological mechanisms through which lifestyle interventions
contribute to improvements in clinically relevant outcomes and the extent to which
the favorable changes in select fitness, anthropometric, functional, and quality of
life outcomes are linked with improvement in salient indicators of PCa progression
and other disease processes.

It is also necessary to determine the most effective methods for integrating life-
style interventions directly into the care of PCa patients and survivors. Specifically,
establishing the best practices to guide the design and delivery of lifestyle interven-
tions, determine how, when, and in what settings to implement these approaches to
optimize the reach, access, and therapeutic benefit of exercise and dietary
approaches. In exploring the best practices for delivering lifestyle interventions it is
critical to recognize any single prescription and/or approach is unlikely to be opti-
mal for all patients or yield a uniform beneficial effect upon all relevant outcomes
of interest. Therefore, while it is important to refine current understanding of the
most effective ways to integrate lifestyle interventions into the treatment of PCa,
flexible exercise and dietary prescription processes that personalize the content and
characteristics of the intervention to one’s individual needs, preferences, and toler-
ances should be viewed as an integral component of future inquiry determining the
optimal lifestyle approaches.

Similarly, promoting successful adoption and long-term maintenance of the
exercise and dietary behavior change are critical determinants of the efficacy of
lifestyle interventions. The deterioration of benefits accompanying lifestyle inter-
ventions have been proposed to be directly related to poor post-treatment adherence
to exercise and dietary behavior change [58, 59]. It has been proposed that high
attrition and poor adherence observed in lifestyle interventions may be attributable
to a failure to provide patients with the self-regulatory skills necessary to adopt and
maintain independent lifestyle behavior change [58, 59]. Thus, given that adherence
to the desired behavior changes is an essential determinant of the efficacy of life-
style interventions, these findings underscore the pressing need to explore novel
approaches to promoting successful adoption and maintenance of independent exer-
cise and dietary behavior among patients with PCa. Therefore, a personalized life-
style medicine and continuous care approach that assists patients in developing the
behavioral skills necessary to maintain behavior adherence is essential.

In summary, the primary objective of this chapter was is to provide an overview
of the extant research addressing the effects of interventions involving modification
of energy balance interventions in PCa treatment. Results from studies examining
exercise and dietary interventions, both separately and in combination among PCa
patients and survivors revealed lifestyle interventions result in significant, clinically
meaningful improvements in an array of outcomes. Taken collectively, this emerging
evidence supports the utility of integrating lifestyle interventions as an adjuvant,
supportive care intervention in the treatment of PCa patients and survivors.
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Chapter 9

Energy Balance-Based Strategies to Reduce
Consequences of Prostate Cancer: How

to Communicate with Men

Yonaira M. Rivera and Katherine Clegg Smith

Abstract As outlined in previous chapters, men with a history of prostate cancer
face increased rates of morbidity associated with both their cancer and the side effects
of its treatment. Prostate cancer and its treatment can result in altered body composi-
tion, increased fatigue, reduced physical activity, fitness and performance, which in
turn create considerable and complex health risks. Moreover, obesity has been linked
to cancer-related mortality and aggressive prostate cancer and poor prognosis,
specifically. The benefits of energy balance among prostate cancer survivors include
reduced fatigue, improved quality of life scores, and greater muscular strength.

Keywords Physical Activity ¢ Weight Loss ¢ Planned Behavior Therapy e
Transtheoretical Model ¢ Social Cognitive Theory * Energy Balance Messaging

Introduction

Prostate cancer and its treatment create health risks [1, 2], which are considerably
exacerbated by obesity [3—5]. The proportion of men with a history of prostate can-
cer who are engaged in regular exercise points to a potential value in focusing on the
promotion of effective behavior change among this population [1, 6, 7]. Some stud-
ies have indicated high interest in health promotion programs [6], suggesting that
messages regarding the potential benefits of physical activity are being heard and
acted upon at least by some men with a history of prostate cancer [8]. However,
until now, most energy balance interventions in the U.S. have been designed for
female breast cancer survivors or survivors in general, rather than specifically for
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prostate cancer survivors [9-11]. Interventions that are designed for women, or that
do not specifically address the issues related to prostate cancer and the barriers
that men often face in making changes in dietary and physical activity are unlikely
to be optimally effective. Thus, it is important to identify appropriate strategies to
communicate with prostate cancer survivors about ways to reduce their risk of can-
cer progression and improve outcomes. In this chapter, we outline many of the
important factors to consider in planning for such an undertaking, and effective
communication modalities to promote energy balance among men with a prostate
cancer history.

Norms, attitudes and practices related to both diet and physical activity are not
universal, and thus one might expect people’s trajectory through behavior change to
be shaped by factors such as social position, age and gender [12—14]. As such, it is
important to consider the facilitators and barriers to any behavior change messaging
for intervention implementation. Prior research has identified a range of potential
barriers to achieving sustained and effective behavior change to achieve energy
balance among prostate cancer survivors. For example:

* Older cancer survivors (age 65 and above) have been found to be less physically
active than younger counterparts [15]; the average age at diagnosis for prostate
cancer is approximately 66 years [16].

*  Weight-based stigma, sedentary lifestyle and lack of work-life balance have been
identified as barriers to weight-loss among men who are obese [17].

e Men have been found to be less motivated to partake in weight loss strategies
focused on dietary modifications than physical activity [17, 18].

* Prostate cancer survivors’ adherence to an exercise program was found to be
lower for men with severe hormonal symptoms and low perceived ability to
perform daily tasks and leisure activities [19].

* Among men with a history of prostate cancer, work demands and the cost of
healthy food have been highlighted as barriers to dietary behavior changes [20].

Effective energy-balance messaging will require engagement with such factors
to present meaningful objectives for change and address potential difficulties in
attaining them.

Efficacy of Evidence-Based, Theory-Driven Energy Balance
Interventions Among Prostate Cancer Survivors

Reviews of the energy balance intervention literature have indicated potential for
improvements in an array of physical and mental health outcomes for cancer survi-
vors [9]. Achieving these outcomes may be facilitated by the integration of behav-
ioral theories in the development of interventions, allowing for a stronger assessment
of factors influencing behavior change [21]. However, there is inconsistent evidence
of the extent to which behavioral theories have informed and/or driven interventions
to improve diet and exercise among cancer survivors [22]. This section explores the
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utilization of behavioral theories to develop and test energy balance interventions
among cancer survivors.

Among the most popular theories in diet and physical activity interventions for
cancer survivors are the Theory of Planned Behavior, Transtheoretical Model, and
Social Cognitive Theory [22-25]. According to the Theory of Planned Behavior,
behavioral intention is the most important direct influence on behavior change [26];
messages are therefore to be designed to create and maintain a positive intention
towards the desired change. Intention to perform a behavior depends on several fac-
tors, including one’s attitude toward changing a behavior, beliefs about others’ per-
ceived approval or disapproval of a behavior, and perceived control over the ability
to enact behavior change. Somewhat in contrast, the Transtheoretical Model empha-
sizes the extent to which individuals balance the pros and cons of changing a behav-
ior as they go through the six stages of change, spanning from precontemplation to
termination of a behavior [27]. Lastly, Social Cognitive Theory posits that the inter-
play between individuals and their environments—known as reciprocal determin-
ism—impacts personal and collective behaviors and emphasizes an individual’s
potential to facilitate changes in his or her environment [28]. While each theory
conceptualizes behavior change in a somewhat different way, all three provide
strong frameworks from which to design energy balance interventions that address
barriers to physical activity and dietary change among prostate cancer survivors.
Energy balance messaging for men with a history of prostate cancer should have at
its foundation an understanding of men’s attitudes towards any modifications of diet
and/or physical activity being posed, as well as the extent to which success is seen
as being within their control, the environment within which an individual change
will occur, and the man’s relationship to that environment. The benefits and poten-
tial negative implications of changes being promoted should be acknowledged and
addressed, and considerations given not only to individual factors but also social
context for making any changes.

Physical activity interventions that have at their foundation substantive behavior
change theory have been shown to enhance effectiveness among breast cancer sur-
vivors [22]. Nevertheless, only a limited number of energy balance interventions
targeting cancer survivors have explicitly integrated theoretical constructs; even
fewer have measured these constructs to evaluate their effectiveness, and fewer still
have been designed and implemented with prostate cancer survivors. Husebg and
colleagues [25] conducted a systematic review and meta-analysis examining theo-
retical predictors of adherence to exercise programs targeting cancer survivors. Of
the 12 studies reviewed, 9 utilized the Theory of Planned Behavior and 5 applied the
Transtheoretical Model’s stages of change for exercise (2 studies used both theo-
ries). Results from their meta-analysis indicated that exercise stage of change is a
strong predictor of exercise adherence among cancer survivors, while perceived
behavioral control and intention to engage in exercise were significantly correlated
with exercise adherence. Interestingly, only one study focused exclusively on pros-
tate cancer survivors; this study found intention and exercise stage of change to be
statistically significant predictors of exercise adherence [29]. A more recent
systematic review and meta-analysis assessing 12 diet and exercise interventions for
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cancer survivors utilizing Social Cognitive Theory as their theoretical framework
established that, while findings support the theory’s efficacy in changing behavior
among cancer survivors, most trials failed to properly measure utilized constructs
[23]. The review also identified self-efficacy—an individual’s belief that he/she can
achieve an outcome of interest [30]—as the only construct associated with positive
behavior change in both diet and physical activity among reviewed studies that
reported assessing the impact of theoretical constructs in their interventions. It is
important to note that only 3 of the 12 randomized controlled trials in their analysis
included prostate cancer survivors. Of these, only one diet-specific intervention was
delivered exclusively to prostate cancer survivors [31].

As evidenced by the literature, there is a need for additional theoretically
informed evidence as to how to promote energy balance among prostate cancer
survivors. In light of this growing interest, a recent cluster randomized controlled
trial conducted in Australia—known as the ENGAGE study—utilized Social
Cognitive Theory to design a 12-week clinician referral-based exercise intervention
targeting recently diagnosed prostate cancer survivors [32]. While primary and sec-
ondary outcomes focus on physical activity participation, physical functioning,
quality of life, anxiety and depression, researchers are also interested in exploring
the mediating effects of self-efficacy, outcome expectations, goals and socio-cultural
factors on these outcomes. Results from the analysis of adherence predictors sug-
gest the incorporation of behavioral change techniques informed by Social Cognitive
Theory may explain high adherence levels (80.3%) among participants in the exer-
cise training intervention arm of the study [19]. Designing intervention messaging
around key aspects of the theory allows for a rigorous examination (and potential
modification) of the effects of key components that is otherwise not possible.

Energy Balance Messaging for Prostate Cancer Survivors

Effectively communicating the importance of energy balance to prostate cancer
survivors is an essential part of achieving positive outcomes and improved health.
As such, messages should be tailored to meet men’s interests and attitudes, and
directed towards goals that are seen as most important and understood to be achiev-
able. Although improved cancer prognosis as a result of weight loss may be critical
to some prostate cancer survivors, discussing the benefits of energy balance from
other vantage points may yield better outcomes among others. The following
section discusses several messaging approaches.

A common theme in several studies focusing on dietary and exercise patterns
among prostate cancer survivors is the importance of the concept of masculinity in
understanding the behavioral patterns in question, as well as existing facilitators and
barriers to change. Literature suggests dominant ideals of masculinity impact food
choices and many times conflict with healthier eating habits, which in turn may
contribute to poorer prostate cancer prognosis [33]. Among foods considered to be
emblems of masculinity are red meat and dairy, both of which have been associated
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with an increased risk of prostate cancer [34]. Findings in a study exploring the
influence of healthfulness on prostate cancer survivors’ diets highlight the impor-
tance of understanding masculine dietary patterns, as these may impact receptive-
ness to dietary interventions [20]. Participants described a preference towards
consuming red meat, and the idea of eating for pleasure rather than for health pro-
motion, both of which may prove problematic for dietary interventions aimed at
prostate cancer survivors. The relevance of certain food types to constructs of mas-
culinity were echoed in a recent study assessing men’s needs and interests, with
64% of men reporting daily dairy consumption and 26% reporting daily red meat
consumption [35]. As such, messages should emphasize the importance of not only
encouraging eating in moderation as a vehicle for weight loss, but also promoting
healthy foods that taste good (identified as an important factor in men’s dietary
decisions) as alternatives to red meat and dairy [20].

Concepts of masculinity also impact how men view and engage in physical activity.
Multiple studies suggest men view exercise as a more masculine approach to weight
loss than dieting, as it allows for men to not only lose weight but also be more mus-
cular, fitter and stronger [17, 18]. Lewis et al. [17] also note obese men’s notion that
weight loss is about “balancing energy in versus energy out,” which should be
achievable by increasing physical activity without necessarily changing one’s diet.
These qualitative findings were echoed in a recent study reporting that 64% of sur-
veyed men have resorted to physical activity for weight loss [35], while only 21%
of women in another study using a similar survey format reported using physical
activity to lose weight [36]. Similar trends have been observed among prostate can-
cer survivors: when compared to female cancer survivors, male cancer survivors
were 30% more likely to meet the American Cancer Society’s weekly recommenda-
tions of moderate-to-vigorous physical activity (>150 min) [37]. Furthermore, when
specifically looking at male cancer survivors, prostate cancer survivors were 35%
more likely than colorectal cancer survivors to meet the same guidelines [37]; while
this may partially be due to limitations in physical activity among colorectal cancer
survivors [38, 39], it is also possible that prostate cancer survivors experiencing
impotency or other treatment side-effects view physical activity as one way to main-
tain or enhance their masculinity. Interventions should therefore consider highlight-
ing the masculine benefits of physical activity when developing energy balance
messages for prostate cancer survivors.

Framing behavior change specifically in relation to one’s cancer prognosis may
not, however, always be the most impactful messaging strategy for men with a pros-
tate cancer history. Age and life stage are also relevant considerations for messaging
design. As people age, the meaning of a cancer diagnosis (and the associated impe-
tus for behavior change to reduce likelihood of recurrence) is often different than it
would have been earlier in life [40]. For some prostate cancer survivors, it may be
more effective to promote the benefits of energy balance outside the purview of
cancer, and instead focus on health in general or other chronic conditions.
Co-morbidities are very prevalent among prostate cancer survivors in the U.S. [41]:
data from the 2009 Behavioral Risk Factor Surveillance System survey indicate that
72% of men with a history of prostate cancer are overweight or obese, 20.1% had
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heart disease, 58.3% had hypertension, 53.9% had high cholesterol, and 23.7% had
diabetes [37]. Studies have found that cancer often does not play a leading role in
prostate cancer survivors’ dietary habits; if there is a health consideration in how
men eat, it is often related to another chronic condition such as heart disease [20,
42]. Research also notes that prostate cancer survivors are more likely to die of a
co-morbid disease than of prostate cancer [41, 43, 44], which provides further sup-
port for the importance of a health promotional focus that does not consider prostate
cancer in isolation, but rather gives explicit consideration to the entire health of the
individual—and specifically to chronic co-morbidities.

As outlined, given the prevalence of co-morbidities, it may also be more effective
for energy balance messages to focus on how diet and exercise can improve the life
span of survivors in general, rather than specifically prioritizing implications for
cancer. More diffuse “healthy lifestyle” messaging may also be particularly impor-
tant for men with a prostate cancer history who do not identify with the term “cancer
survivor,” or those who have been cancer-free for a long time [45]. To these men,
their experience with prostate cancer may no longer be salient; hence, energy bal-
ance messages that are focused on other benefits to diet and exercise may be more
likely to be impactful.

Sexual function is also an important issue to prostate cancer survivors, with short
and long-term effects of treatment including erectile dysfunction, testicular atrophy,
loss of libido, penile shortening and an altered orgasm experience [46—48]. These
effects have been noted to impact notions of masculinity, further impacting distress
caused by sexual dysfunction [49]. While sexual dysfunction has been acknowl-
edged as important to prostate cancer survivors in general [48], younger prostate
cancer survivors have been reported to be more concerned about treatment impact
on their sexuality [50]. Although interventions exploring the benefits of exercise on
sexual function among prostate cancer survivors are scarce, a recent randomized
controlled trial among prostate cancer patients undergoing androgen deprivation
therapy reported men participating in 12 weeks of bi-weekly sessions of moderate
to high intensity resistance and aerobic exercise maintained their sexual activity
levels, while those in the control group experienced decreased libido [51].
Researchers suggested the effect of exercise on sexual activity was mediated by
improved quality of life. As such, highlighting emerging findings of the benefits
exercise may have on sexual function may be another way to deliver energy balance
messages to prostate cancer survivors (particularly younger ones) that motivates
them to increase physical activity levels [48].

The benefits of physical activity may also appeal to prostate cancer survivors
who are more concerned about their current quality of life, rather than balancing
energy intake as a distal goal. Studies report that cancer survivors engaging in phys-
ical activity have higher quality of life than those not meeting recommended levels
[7, 52]. Quality of life was also statistically significantly higher among prostate
cancer survivors receiving androgen deprivation therapy who were randomized to a
12-week resistance exercise training intervention compared to controls [5].
Meanwhile, findings from the ENGAGE study suggest that cancer-specific quality
of life factors (such as role functioning, sexual activity, hormonal symptoms and
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education level) may predict adherence to physical activity programs for prostate
cancer survivors [19]. Messages emphasizing the benefits of exercise on quality of
life outcomes may thus posit themselves as more salient for a broad range of survi-
vors desiring to improve their quality of life post treatment.

Effective Communication Modalities

In addition to identifying how to best tailor messages that promote energy balance
among prostate cancer survivors, it is crucial to select appropriate modalities to
communicate these messages. The communication modality will shape how infor-
mation is received: When is a message conveyed? Where? And, in what form? The
conveyance modality will also shape the potential influence of any delivered mes-
sage, as engagement with messages is influenced by both message source and sub-
stance [53, 54].

In-person communication via healthcare providers continues to be a useful
modality to reach and influence cancer survivors, particularly as not all populations
have equal access to or engagement with messages conveyed via mass media [55].
Literature supporting the role of healthcare provider communication in behavior
change among cancer survivors highlights providers’ abilities to influence changes
in physical activity levels and dietary behaviors, given their direct contact with pros-
tate cancer survivors throughout treatment and the care continuum [56]. Especially
important is the immediate post-diagnostic period, often referenced as the “teach-
able moment”, when cancer survivors may be more motivated to change health
behaviors due to the salience of their diagnosis [6, 42]. Healthcare providers and
other practitioners may thus capitalize on this short timeframe to intervene with
tailored energy balance messages.

It is important to note that as yet, energy balance interventions are not a routine
part of survivorship care (in general, not just for prostate cancer survivors); the lit-
erature indicates that the doctor-patient interaction is often a missed interventional
opportunity regarding physical activity as a part of healthy survivorship [1, 2, 57,
58]. A survey conducted at a Canadian cancer center highlights that 70% of cancer
survivors reported not receiving exercise counseling throughout their cancer care
continuum—although 90% stated a desire to participate in an exercise program
post-diagnosis [58]. These findings may be indicative of the time constraints provid-
ers face during patient encounters. The 2007 Institute of Medicine (IOM) report on
implementing survivorship care planning called for the inclusion of lifestyle recom-
mendations within documentation that is intended to create the foundation for
healthy survivorship beyond acute treatment [59]. To the extent that survivorship
care plans become a routine part of care coordination for all cancer patients, so this
may be an important mechanism by which to provide both information regarding
the reasons why energy balance is key to healthy survivorship, as well as demon-
strated effective mechanisms to achieve meaningful change.
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Recent literature has suggested a central role for healthcare professionals beyond
just physicians in communication about energy balance [60, 61]. For example,
researchers in the Australian ENGAGE study assessed the efficacy of clinician
referrals to a supervised exercise program for prostate cancer survivors [60]. The
program used postgraduate clinical exercise physiology students (supervised by
accredited exercise physiologists) to delivery two supervised, 50-min sessions per
week at local gym and advised participants on a weekly home-based session.
Among participants enrolled in the experimental arm of the study, 80% indicated
the clinician’s referral to the exercise program influenced their decision to partici-
pate. Another way to assist patient-provider communication regarding energy bal-
ance is by leveraging the efforts of nurses and other care team members. Webb,
Foster and Poulter [61] describe the development of a training intervention designed
to improve nurses’ capability, opportunity and motivation in delivering very brief
advice on physical activity to cancer survivors. This program is based on the
Behaviour Change Wheel, a theoretical model describing eight steps to designing
behavior change interventions [62]. The program teaches nurses to ‘Ask, Advise
and Act’: ask patients about physical activity levels and whether they are aware of
the health benefits; advise on the benefits of physical activity, based on the patient’s
needs; and act by providing support and referring to local services or other resources.
Although this study is still ongoing, nurses’ promotion of physical activity through
brief advice may successfully influence cancer survivors, given their regular inter-
action through treatment and follow-up visits [63].

When we consider behavioral modifications for men as a path to achieving
energy balance, it is also important to adopt a socio-ecological approach and con-
sider the individual within a familial, cultural and structural context. Partners have
been reported to be very influential in decision making that affects patient care [20,
50, 64]. Davison and colleagues [50] discussed decision-making among prostate
cancer survivors and partners at the time of diagnosis, reporting that the majority of
both groups preferred collaborative roles in making medical decisions.
Communication strategies may thus be more successful if tailored to the dyad or the
broader familial context, rather than men alone. There is also strong reason to focus
on female spouses beyond medical decision-making in order to understand and
impact men’s dietary behaviors. While familial norms have changed significantly
over the past 30 years, women still tend to take primary responsibility for daily food
preparation [65]. Prior research has found that wives of men with a prostate cancer
history play a key role in shaping the diets of their husbands [20], with the majority
of men relying on their spouses to prepare their meals [35]. It may sometimes be
most efficacious to direct dietary messaging for prostate cancer survivorship towards
both spouses and the men themselves, given histories and structures for food prepa-
ration within households.

Targeting partners as part of an energy balance communication modality may
also be effective, particularly when combined with strategies targeting quality of
life issues. For example, Song and colleagues [66] developed a web-based educa-
tional intervention targeting quality of life among prostate cancer survivors and
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their partner. The interactive website included seven modules for couples to review,
among which was a mandatory module focusing on working as a team. In addition
to reporting that the website was informative and easy to use, participants also stated
that the program provided couples with new ways to work together and strengthen
their relationship during a time of hardship. While this intervention was developed
to assist with quality of life issues, these communication skills can be transferred to
messages educating couples about the benefits of exercise in improving both quality
of life and disease prognosis.

Another communication modality that may assist in delivering energy balance
messages is the utilization of peer groups. Peer support groups have been used for
some time as a way to improve depression and self-efficacy, including among
prostate cancer survivors who had recently undergone a radical prostatectomy
[67]. Weber et al.’s study [67] demonstrated that men who participated in an eight-
week peer support intervention had higher self-efficacy and lower depression over
time than those not partnered with a peer mentor. This provides some support for
the idea that utilizing peer support groups may be a beneficial mechanism for
promoting energy balance activities among prostate cancer survivors, especially
given findings that suggest group-based exercise is better at improving prostate
cancer survivors’ physical fitness and quality of life than home-based exercise
programs [2].

It may not always be feasible to communicate with prostate cancer survivors
about energy balance strategies in person. In such scenarios, telephone and/or mail
may be a useful strategy to communicate with men to maintain healthy physical
activity levels and dietary behaviors. Parsons and colleagues [31] used the Social
Cognitive Theory and motivational interviewing techniques to develop a 6-month
telephone-based dietary counseling program tailored to prostate cancer survivors
aged 50 to 80. At the end of the intervention, vegetable consumption and carotenoid
concentrations had increased in the intervention arm [31]. Another telephone-based
intervention designed using the Social Cognitive Theory was the Reach out to
Enhance Wellness (RENEW) trial, a 12-month home-based telephone counseling
program with mailed materials developed to promote physical activity and diet
quality among long-term breast, prostate and colorectal cancer survivors aged 65
years or older [68]. Results indicate statistically significant changes in physical
activity levels and dietary behaviors between intervention and control groups, with
intervention participants reporting a mean weight loss more than double that
reported by controls. It is important to note that, compared to individuals not
recruited for this study, participants were younger, female (breast cancer survivors),
and had a more proximal cancer diagnosis [68]. Given in-person dialogue has been
reported to be preferred among older audiences [69, 70], the RENEW trial’s find-
ings may suggest that in-person communication modalities may be more effective
than telephone and/or mail communication among some older men. Nonetheless,
these communication modalities have the capacity of reaching a large number of
prostate cancer survivors in cost-effective ways, as do newer technologies (such as
social media and texting), which are further discussed below.
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Moving Forward

As outlined in other chapters in this volume, the evidence base regarding energy
balance and prostate cancer survivorship is complex, yet clearly pertinent for effec-
tive health promotion in this population. The following section provides recommen-
dations for future energy balance interventions for men with a history of prostate
cancer. One of the challenges regarding messaging for such interventions is that
much of the evidence of the impact of weight loss on cancer survival is focused on
women with breast cancer [9]. There is a need for greater specificity of efficacy of
interventions (weight loss as well as physical activity) for specific survivor sub-
groups [9]. There is also a need for a more robust evidence base on the benefits of
physical activity for prostate cancer survivors by intensity, duration and frequency,
as well as studies that consider the nature of treatment undergone [2].

Our review of the literature did not reveal much in the way of cultural tailoring
of energy balance messaging for subpopulations of men with a history of prostate
cancer. There is also a gap in the evidence base regarding the extent to which behav-
ior change messaging is more efficacious if it is targeted by gender and cultural
factors. Cultural awareness has been shown to be key to developing and implement-
ing impactful screening programs for underserved populations [71] and it might be
assumed that such tailoring would also be beneficial for sustainable and impactful
energy balance interventions during survivorship. This is particularly important
among minority groups with a higher burden of obesity and other co-morbid condi-
tions that may result from poor energy balance. For example, a recent study assess-
ing racial and ethnic differences in health behaviors among prostate cancer survivors
highlights that African American men had higher prevalence of obesity and diabetes
than White and Hispanic survivors [72]. However, the study did not have sufficient
power to detect differences between groups other than African Americans and
Whites, further highlighting the importance of exploring factors impacting energy
balance among other prostate cancer survivor subpopulations.

Understanding the cultural and historical context of care provision is also key to
designing efficacious messaging and interventions. Prior research with African
American men with a history of prostate cancer illustrated an initial level of mistrust
with the healthcare system and a desire for providers to address them with respect
and as knowledgeable participants in their care [73]. Meanwhile, a study of coping
strategies of low-income, immigrant Mexican men with a prostate cancer diagnosis
highlighted the importance of relying on God and doctors as sources of support for
many men with this shared cultural heritage [74]. Studies such as these are illustra-
tive of the importance of seeking to understand the specific facets that may be
important for underserved groups in making meaningful behavior change. Cultural
understanding can form the foundation for appropriate program design and message
tailoring that will assist not only in recruiting participants in energy balance clinical
trials, but also in creating and sustaining interventions that embed energy balance
messaging into issues important to these communities.
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Interventions focusing on the effects of exercise on masculinity and sexual func-
tioning are also needed. As highlighted by Cormie and colleagues [48], exercise as
a way to lessen the effects of prostate cancer treatment on sexual dysfunction has
both strong theoretical rationale and budding empirical support [51]. This is an issue
of importance to not only prostate cancer survivors, but also their partners. A recent
study by Wootten et al. [64] focusing on prostate cancer highlighted the role that
partners have in helping with influencing how the survivor adapts to and copes with
a prostate cancer diagnosis. Partners stated the importance of supporting men who
feel a loss in masculinity, particularly as they face challenges with communication
constrains. Researchers suggest psychosocial interventions could focus on dyadic
communication, sexuality and intimacy issues, support and communication pertain-
ing loss of masculinity, social support and coping strategies (including discussions
about thoughts and emotions). As such, future research should consider developing
exercise interventions both assessing the impact of exercise on improving sexual
function and notions of masculinity, while also integrating partners as a means of
support.

The utilization of technology to promote energy balance is another important
area for further research [9, 75]. As technology continues to advance and the digital
divide shrinks, mobile apps, text messaging, social media and other mHealth plat-
forms may help facilitate behavioral change interventions that reach multiple audi-
ences that are difficult to access. Such interventions have already been used to
promote weight loss among overweight and obese men [76], improve quality of life
among couples with a prostate cancer survivor [66], and, more recently, assess the
feasibility of text messaging to increase prostate cancer screening awareness among
African American men [77]. These technologies present as areas of opportunity to
engage hard-to-reach prostate cancer survivors, such as those living in rural areas
with limited transportation, as well as men from racial/ethnic minorities or other
underserved groups. However, technology-driven interventions may not be appro-
priate for all: results from a recent survey assessing men’s needs and interests for a
technology-driven weight loss intervention reported that while the Internet (88%)
and email (91%) were commonly used among men over the age of 60, text messag-
ing (49%) and smartphone app utilization (22%) was substantially lower [35].
Future research exploring mHealth avenues must therefore assess the readiness of
its intended audiences in adopting new technologies prior to delivery of energy bal-
ance messages.
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