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Diet and Lifestyle in Prostate

Cancer

Kathryn M. Wilson and Lorelei A. Mucci

Prostate cancer is the most commonly diagnosed
non-skin cancer among men in the United States
(US). In addition, three million men in the US are
prostate cancer survivors. Given the large public
health burden of prostate cancer, the identifica-
tion of the factors associated with prostate cancer
prevention could improve health and outcomes
for men.

A variety of diet and lifestyle factors have
been studied with respect to prostate cancer risk
in large, prospective cohort studies. More
recently, researchers have begun to study the
association of diet and lifestyle with prostate can-
cer survival after diagnosis. Cohort studies are
generally considered to be a higher level of evi-
dence than case-control studies, which are sus-
ceptible to recall bias and selection bias. For this
reason, we focus on results from prospective
cohort studies when possible. The major cohort
studies with results discussed in this chapter are
summarized in Table 1.

In spite of this work, few modifiable risk fac-
tors have been firmly established as playing a
role in prostate cancer. Among modifiable risk
factors, smoking and obesity are consistently
associated with higher risk specifically of
advanced prostate cancer. There is also consider-
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able evidence for a positive association between
dairy intake and overall prostate cancer risk, and
an inverse association between cooked tomato/
lycopene intake and risk of advanced disease.
Several other dietary factors consistently associ-
ated with risk in observational studies, including
selenium and vitamin E, have been cast into
doubt by results from clinical trials. Results for
other well-studied dietary factors, including fat
intake, red meat, fish, vitamin D, soy and phy-
toestrogens are mixed.

Migrant studies have found that moving from
countries with low prostate cancer incidence to
countries with high incidence increases the risk
of prostate cancer over time. Among Japanese [1,
2] and Korean [3] immigrants to the US, Chinese
immigrants to the US and Canada [4], and
European immigrants to Australia [5] prostate
cancer risk is much higher than that of their
native counterparts, but still below that of white
men born in the US, Canada, and Australia. This
suggests that there are important environmental
contributors to prostate cancer risk in addition to
strong genetic factors.

The lack of well-established modifiable risk
factors for prostate cancer compared to other
common cancers is likely due to several possi-
bilities. First, prostate cancer has among the
highest heritability of all common cancers [6];
second, early life exposures may play an impor-
tant role in risk, rather than mid- and later-life
exposures assessed in most epidemiological
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studies. Finally, prostate-specific antigen (PSA)
screening plays a critical role in prostate can-
cer detection and incidence rates, which has
important implications for epidemiological
studies. It is important to understand the impact
of PSA screening on prostate cancer epidemi-
ology, as screening must be considered in the
interpretation of risk factor studies. We will
briefly discuss this below, and we will then
review current evidence on dietary and other
lifestyle factors, including tobacco use, obe-
sity, and physical activity. For each of these
potential risk factors, we will discuss findings
for both incidence and survival, if available. A
summary of risk factors for prostate cancer is
provided in Table 2.

The Impact of PSA Screening
on Epidemiological Studies
of Prostate Cancer

Autopsy studies have shown that latent prostate
cancer is quite common. A review of 19 studies
of prostate cancer prevalence upon autopsy
found that 29% of white men aged 60—69 and
36% aged 70-79 had undiagnosed prostate can-
cer at the time of death, with even higher preva-
lence among black men [7]. Screening by
prostate specific antigen (PSA) allows for the
detection of these lesions, many of which would
never come to light clinically in the absence of
screening. Thus, PSA screening has a great
impact on incidence rates and the clinical pre-
sentation of prostate cancer in populations where
it has been introduced.

The mix of indolent and aggressive disease
in a given study population will depend on the
time period of the study and the PSA screening
practices in the population. This makes is dif-
ficult to compare relative risks for “total” pros-
tate cancer across studies, as relative risks will
reflect a weighted average of indolent and
aggressive disease specific to the time and
place in which the study was conducted. To
deal with this, it is helpful to assess associa-

Table 2 Summary of epidemiological evidence on diet
and lifestyle in prostate cancer

Risk factor ' Direction of effect*

Well-confirmed risk factors

Height ‘ )

Probable relationship exists, based on substantial data

Insulin-like growth factor 1 1

Smoking 1 (advanced
disease)

Obesity/Body mass index 1 (advanced
disease)

Obesity/Body mass index | (localized
disease)

Physical activity (vigorous) | (advanced
disease)

Dairy intake 1

Fish intake | (advanced
disease)

Lycopene/tomato intake 1

Weak, if any, relationship exists, based on substantial
data

Total fat intake -
Alpha-tocopherol supplements -

Selenium supplements -
Childhood/young adult body size | —
Inconsistent findings or limited study to date

Long-chain marine fatty acid -

intake

Alpha-linolenic acid intake 1

Red & processed meat intake -

Calcium intake 1

Vitamin D 1 (advanced
disease)

Soy/phytoestrogen intake |

Dietary vitamin E intake | (advanced
disease)

Dietary selenium intake |

*Arrows indicate direction of relationship: 1: increase in
risk; |: decrease in risk; —: no association

tions separately for fatal or advanced stage dis-
ease and localized disease, and/or to stratify
results by pre-PSA and PSA time periods.
Some studies also look at associations for
high-grade and low-grade disease separately;
however, changes in grading over time, along
with between-pathologist differences in grad-
ing, introduce substantial misclassification into
grade-based categorization in large cohort
studies [8].
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Dietary Factors and Prostate Cancer
Risk and Survival

A western dietary pattern has long been sus-
pected to contribute to prostate cancer risk based
on ecologic studies that compared prostate can-
cer mortality rates around the world and migrant
studies as discussed above. Early ecologic stud-
ies demonstrated the striking disparity in animal
product and fat consumption between high-risk
(US, Sweden) and low-risk (Japan, China) coun-
tries [9]. Such studies are quite limited, however,
as they do not assess individual-level behaviors
and subsequent disease outcomes and are unable
to account for confounding elements.

Western dietary patterns are also implicated
based on the strong evidence of positive associa-
tions of adult height and circulating insulin-like
growth factor 1 (IGF-1) levels with prostate can-
cer risk. Both height and circulating IGF-1 levels
reflect, in part, nutritional status.

Height. A systematic review found 22 out of
25 studies of height and prostate cancer incidence
reported positive associations [10]. The dose-
response meta-analysis found a significant 4%
increase in risk of prostate cancer overall per
5 cm increase in height (95% CI 1.03—-1.05). The
same review found that four of five studies on
height and risk of prostate cancer mortality
reported positive associations. Results were con-
sistent for non-advanced, advanced, and fatal dis-
ease. Two large pooled analyses [11, 12] found
very similar results for associations of height
with prostate cancer incidence as well as
mortality.

Adult height partially reflects nutritional sta-
tus in early life [13—15], which impact circulating
growth factors and other hormones during child-
hood and puberty [16]. Although genetics plays a
major role in determining height, [17], dietary
factors are essential to reach the genetic poten-
tial. Total energy intake, protein, and dairy intake
in childhood are all associated with greater
attained height [18-20].

IGF-1. Total energy intake and protein intake
are, in turn, positively associated with circulating
IGF-1 in children and adults in observational
studies [21, 22] and in feeding trials [23]. In addi-

tion, adult height is positively correlated with
IGF-1. [24] IGF-1 is a major growth-regulating
molecule, which is a potent mitogen that can also
inhibit apoptosis. It is secreted mainly by the
liver but is also produced in several other tissues,
including the prostate, in response to growth
hormone.

Adult levels of circulating IGF-1 have consis-
tently been associated with increased risk of
prostate cancer. A pooled analysis of data from
3700 cases and 5200 controls in 12 prospective
cohort studies [25] found an odds ratio of 1.38
(95% CI 1.19-1.60, p-trend = <0.001) for pros-
tate cancer comparing the top to bottom quintile
of serum IGF1. The association was stronger for
low-grade than for high-grade disease, but did
not vary by stage of disease. Adjustment for vari-
ous sex hormone levels also measured in 8 of the
12 studies did not affect the IGF-1 results. Results
from a meta-analysis of 42 retrospective and pro-
spective studies found a similar significant and
positive association for IGF-1 and prostate can-
cer risk [26].

Evidence supporting associations of height
and IGF-1 with prostate cancer is quite consistent
across study populations. In combination with
results from migrant studies and the large geo-
graphical variation in incidence rates of prostate
cancer, this suggests that nutritional status plays
some role, perhaps early in life, in the develop-
ment of prostate cancer. A variety of specific
dietary factors have been investigated in detail
with respect to prostate cancer risk, including fat
intake, meat intake, intake of fish and marine-
derived long-chain fatty acids, dairy products and
calcium, vitamin D, tomato and lycopene, soy
and phytoestrogens, vitamin E, and selenium.
Each is discussed in detail below.

Fat Intake

Driven by early ecologic studies, dietary fat
intake has been of great interest in studies of diet
and prostate cancer, as high fat intake, particu-
larly from animal sources, is a major attribute of
the western diet. However, a meta-analysis of 14
prospective cohort studies found no association
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between total fat intake and risk of prostate can-
cer [27]. Intakes of saturated, polyunsaturated,
and monounsaturated fats were also not associ-
ated with risk, and fat intakes were not associated
with risk of advanced stage disease.

Several prospective studies have evaluated
intake of specific fatty acids in relation to pros-
tate cancer. In western diets, alpha-linolenic acid
(ALA) is the principal dietary n-3 (or omega-3)
fatty acid. Commonly consumed foods rich in
ALA include: mayonnaise, vegetable oils, mar-
garine, walnuts, cheese, beef, pork, and lamb.
Several meta-analyses of ALA intake and pros-
tate cancer have found no association with over-
all disease risk, though there appears to be
significant heterogeneity between studies [28—
30]. The Health Professionals Follow-up Study
(HPES) cohort found that ALA intake was not
associated with overall prostate cancer risk but
was associated with significantly increased risk
of fatal prostate cancer [31]. This positive asso-
ciation between ALA intake and risk of lethal
disease was observed among cases diagnosed
prior to the advent of PSA screening (~1994),
and not for cases diagnosed in the PSA-screening
era [32]. Two other prospective studies of ALA
intake did not find increased risks for more
advanced prostate cancer; however, both were
limited by low case numbers [33, 34], while a
fourth prospective study did not examine associa-
tions specifically with advanced disease [35].

A pooled analysis [36] of individual-level data
from seven prospective studies with measured
blood levels of ALA found no association with
overall prostate cancer risk. There was some sug-
gestion of heterogeneity by stage of disease
(p = 0.032), with no significant association for
localized disease and a borderline significant
inverse association for risk of advanced prostate
cancer (OR 0.68, 95% CI 0.46-1.00); however,
the number of advanced cases was low in the
seven included studies. There was no suggestion
of an association between blood ALA levels and
risk of high- or low-grade disease. Overall it does
not appear that ALA is an important risk factor
for prostate cancer; however, the evidence in this
area is unusually inconsistent across studies.

The role of long-chain n-3 fatty acids in pros-
tate cancer has also been debated; see the section
below on fish intake for discussion.

Survival. Fewer studies have examined the
association between fat intake and survival
among men with prostate cancer, but these stud-
ies are consistent in finding improved survival
with increased vegetable fats and poorer survival
with saturated and animal fats. In the Physicians’
Health Study (PHS) men who consumed more
saturated fat in place of carbohydrate in the post-
diagnosis diet were at increased risk of cancer-
specific and all-cause mortality [37]. Increased
intake of vegetable fats after diagnosis was asso-
ciated with lower risk of all-cause, but not cancer-
specific, mortality. In HPFS, post-diagnosis
vegetable fat intake was associated with signifi-
cantly lower risk of both cancer-specific and all-
cause mortality. Higher intakes of saturated and
trans fats were positively associated with all-
cause mortality [38]. A study of men diagnosed
with prostate cancer in Sweden found that those
reporting a higher intake of saturated fat at the
time of diagnosis were at significantly greater
risk of prostate cancer mortality [39]. To date, the
literature has been consistent in showing that
higher intakes of vegetable fats and lower intake
of animal and saturated fats after diagnosis are
associated with improved cancer-specific and
overall survival.

Meat Intake

Red meat and processed meat have both been
intensively studied as possible risk factors for
prostate cancer, as both are notable components
of the western diet. However, meat intake does
not appear to be associated with prostate cancer
risk.

A meta-analysis of 11 prospective studies
found a combined relative risk for extreme cate-
gories of red meat intake of 0.98 (95% CI 0.93—
1.04) for total prostate cancer and 1.01 (95% CI
0.94-1.09) for advanced prostate cancer (8 stud-
ies) [40]. A recent pooled analysis of individual
data from 15 cohort studies also found no
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association between red meat intake and risk of
total or fatal prostate cancer [41].

For processed meat, the meta-analysis of 11
prospective studies found a relative risk for
extreme categories of intake of 1.05 (95% CI
0.99-1.12) for total prostate cancer and 1.10
(95% CI 0.95-1.27) for advanced cancer (8 stud-
ies) [40]. There was evidence of publication bias
for processed meat studies, and risk estimates
were weaker in more recent studies that adjusted
for more potential confounders. The pooled anal-
ysis of 15 cohorts found a suggestion of a slight
increase in risk of total prostate cancer for the
highest category of processed meat intake,
though there was no significant trend across cat-
egories (HR 1.04, 95% CI 1.01-1.08,
p-trend = 0.29); there was no association for fatal
disease [41]. Similarly, several more recent stud-
ies found no associations for red or processed
meat. One paper found no evidence that red or
processed meat was associated with risk total or
advanced prostate cancer among African-
Americans in the NIH-AARP Diet and Health
Study [42]. A study [43] focused on the PSA
screening era in the HPFS cohort also found no
associations of meat intake with lethal prostate
cancer. Finally, a study in the Netherlands found
no association between low- or no meat con-
sumption and risk of prostate cancer [44].

One possible mechanism by which red meat
could raise the risk of cancer is through heterocy-
clic amines (HCA) formed during cooking [45—
48]. HCAs are mutagenic compounds formed
during cooking of muscle of meat and fish at high
temperatures. Preference for doneness of red
meat and calculated intakes of common HCAs
have been studied with respect to prostate cancer
in several prospective studies with mixed results.
Three found no clear associations between done-
ness or HCA intake and risk of prostate cancer
[47-49]. Three found positive associations
between well done red meat [42, 45, 46, 50], as
well as HCA intake [50], and risk of prostate can-
cer, including advanced disease. Overall, intakes
of red and processed meat do not appear related
to prostate cancer risk; however, well-done red
meat and the associated carcinogens may play
some role.

Survival. In a study of post-diagnosis meat
intake and survival among men diagnosed with
apparently localized prostate cancer, one study
found suggestive but not statistically significant
associations between intake of red meat and
poultry and risk of lethal prostate cancer [43].
Another study found that a “Western dietary pat-
tern”, characterized by higher intakes of red and
processed meats, high-fat dairy, and refined
grains, was associated with increased risk of
prostate cancer-specific and all-cause mortality
[51]. Finally, a study [52] among men surgically
treated for localized cancer found that lower
intakes of red meat, particularly well-done red
meat, and higher intakes of poultry and fish were
associated with lower risk of PSA recurrence,
independent of stage and grade of disease.
Overall, it appears that lower intakes of red meat
may be associated with improved survival, which
is consistent with the findings on post-diagnosis
fat intake and survival discussed above.

Fish Intake and Marine Fatty Acids

Populations with a high consumption of fish, for
example in Japan and among Alaskan natives,
have lower rates of prostate cancer than popula-
tions with western dietary patterns, where fish
intake is generally lower [53-55]. Fish contain
long-chain marine n-3 fatty acids (eicosapentae-
noic acid, EPA, [20:5n-3] and docosahexaenoic
acid, DHA, [22:6n-3]), which can modify inflam-
matory pathways and may therefore affect pros-
tate cancer risk and progression [56]. Indeed, a
study among men without cancer in the Prostate
Cancer Prevention Trial (PCPT, a randomized
trial of finasteride for prostate cancer prevention)
found that men with higher serum levels of n-3
fatty acids had lower levels of prostatic inflam-
mation [57].

However, the role of fish and long-chain fatty
acids in prostate cancer has been debated due to
reports from PCPT and The Selenium and
Vitamin E Cancer Prevention Trial (SELECT) of
significant positive associations between higher
concentrations of serum long-chain n-3 fatty
acids and risk of high-grade disease [58]. Neither
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trial had enough advanced or fatal cases to study
those outcomes separately.

The European Prospective Investigation into
Cancer and Nutrition (EPIC) cohort found a posi-
tive association between serum EPA and risk of
high-grade disease, consistent with PCPT and
SELECT. However, they observed no association
with advanced or fatal disease [59]. The PHS
cohort [60] assessed whole blood fatty acid con-
tent and also found no association with advanced
disease, and a significant inverse association with
localized disease.

A pooled analysis of seven prospective studies
[36], including all four discussed above, found a
significantly increased risk of total prostate can-
cer with higher serum levels of both EPA and
DHA. Risk was approximately 15% higher for
men in the highest quintile of either fatty acid
compared to men in the lowest quintile of that
fatty acid. However, there was significant hetero-
geneity between studies (p = 0.02 for EPA,
p < 0.001 for DHA). Thus there may be modest
positive associations between blood levels of
marine long-chain fatty acids and risk of total
prostate cancer; however, it is unclear if these
associations are causal, and the reason for hetero-
geneity across studies is unclear. Differences in
PSA screening may explain some of the hetero-
geneity. The positive associations were stronger
for cases diagnosed after 2000 than those diag-
nosed earlier. In addition, the vast majority of
cases from the SELECT and PCPT trials were
screen-detected, whereas the PHS, which found
inverse associations, contained many cases diag-
nosed between 1982 and 1995, prior to the onset
of widespread PSA screening in the US.

Multiple studies have examined questionnaire-
assessed intake of fish and fish-derived long-
chain fatty acids. A 2010 meta-analysis of fish
intake found no association between fish con-
sumption and incidence of total prostate cancer;
for the highest versus lowest category of intake
across 12 cohort studies the relative risk was 1.01
(95% C10.90-1.14) [61]. However, in four cohort
studies of prostate cancer-specific mortality, fish
intake was associated with a significantly lower
risk (RR 0.37, 95% CI 0.18-0.74). A recent sys-
tematic review [62] of long-chain n-3 fatty acids

found similar results, with no association for risk
of overall prostate cancer, and an inverse associa-
tion for prostate cancer mortality. Of seven stud-
ies investigating associations between long-chain
n-3 fatty acid intake and prostate cancer-specific
mortality, five found significant inverse associa-
tions and two found non-significant inverse asso-
ciations. A study in Iceland, where there is a
tradition of fish-oil consumption, found that fish
oil consumption in later life was associated with
a lower risk of advanced prostate cancer [63].

The recently completed VITAL trial [64]
tested marine n-3 fatty acids (at a dose of 1 g per
day, equal to about 4 servings/week of fish) in the
primary prevention of cardiovascular disease and
cancer among 12,786 men 50 years of age or
older. Mean follow-up was 5.3 years. There was
no difference in the incidence of prostate cancer
(a predefined secondary outcome) between
groups. (N =411 total cases, RR = 1.15, 95% CI
0.94-1.39). However, low power and a relatively
short follow-up time limit the conclusions that
can be drawn from this null result.

Overall, current evidence is quite mixed
regarding associations of serum fatty acid levels
and fish intake with risk of disease by both grade
and stage. Additional studies in cohorts with
long-term follow-up are needed to draw conclu-
sions about the role of fish, fish oil supplements,
and specific long-chain omega-3 fatty acids in
prostate cancer risk and progression.

Dairy Products and Calcium

Dairy products, in addition to containing a sub-
stantial amount of animal fat, are the most com-
mon dietary sources of calcium and vitamin D,
all of which have been implicated in prostate can-
cer risk. The strong correlation between dairy
foods and these nutrients create challenges in try-
ing to disentangle their independent effects. A
meta-analysis conducted as a part of the AICR/
WCREF Continuous Update Project found a statis-
tically significant increased risk of total prostate
cancer with higher intakes of dairy products and
dietary calcium (i.e. from foods, not supple-
ments) [10]. The combined estimate across 15
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cohort studies found a 7% increased risk per
400 g of dairy products per day (95% CI 2—12%)
and 5% increased risk per 400 mg of dietary cal-
cium (95% CI 2-9%). Intakes of milk, cheese,
and total calcium (i.e. foods plus supplements)
were also positively associated with risk. There
was evidence of non-linear associations for cal-
cium (from foods alone and total intake), with
positive associations more pronounced at very
high intakes (>1500 mg/day).

Associations according to stage of disease
were less clear, with significant positive associa-
tions for non-advanced disease but not for
advanced disease for both dairy and dietary cal-
cium. However, across five studies of fatal can-
cer, the association with dairy was an 11%
increased risk per 400 g per day (95% CI —8% to
33%), quite similar to the risk estimate for overall
prostate cancer, but with lower power and a wide
confidence interval.

Estimates for total calcium were somewhat
weaker than for dietary calcium, suggesting that
some other component of dairy, rather than cal-
cium itself, is driving the dietary calcium esti-
mates. However, interpretation of this, too, is
complicated, as the only two studies that exam-
ined total calcium and fatal prostate cancer found
a significantly increased risk (RR 1.11, 95% CI
1.02—-1.21). In addition, there was significant het-
erogeneity for the total calcium estimate based
on study follow-up time, with a non-significant
association with total prostate cancer in six stud-
ies with less than 10 years of follow-up, but a sig-
nificant positive association in three studies with
10 or more years of follow-up. This heterogene-
ity by follow-up time is supported by a report
from the HPFS [65], which found a significant
association between total calcium intake
12-16 years prior to diagnosis of advanced pros-
tate cancer, but not for shorter time periods
between intake and diagnosis. This suggests that
calcium may play a role early in the carcinogen-
esis process.

Possible mechanisms linking dairy or calcium
and prostate cancer risk include the down-
regulating effect of high calcium intake on vita-
min D levels [66] and the positive association
between dairy and IGF-1 levels [67]. The positive

association observed for low-fat or skim milk
argues against dairy fat playing an important role
in the association.

Interestingly, the HPFS cohort also found a
positive association between phosphorus intake
and risk of total, lethal, and high-grade prostate
cancer, independent of the association with cal-
cium [65]. In contrast to the pattern observed for
calcium, the phosphorus association was stron-
gest for intakes shortly before the time of diagno-
sis (0—4 years). Phosphorus, like calcium, is
concentrated in dairy, but is more widespread in
other foods than is calcium. Fewer studies have
examined phosphorus than calcium, particularly
with respect to advanced or fatal disease, but this
should be explored in other studies. High phos-
phorus intake increases parathyroid hormone,
which promotes bone remodeling [68]. Prostate
cancer preferentially metastasizes to bone and is
more likely to spread to bone with higher remod-
eling activity [69, 70].

Overall, there is substantial evidence that
dairy intake is associated with increased prostate
cancer risk; however, the role of calcium, phos-
phorus, or other specific components is less clear.

Survival. There have been three studies of
post-diagnosis dairy intake and prostate cancer
survival among men diagnosed with apparently
localized disease. HPFS and a Swedish study
both found that higher post-diagnosis intake of
whole milk was associated with worse survival
[71, 72], while higher intake of low-fat dairy was
associated with improved survival that was statis-
tically significant in HPFS and suggestive in the
Swedish population. On the other hand, PHS
reported that intake of total dairy, including both
high- and low-fat dairy foods, was associated
with increased risk of all-cause and prostate
cancer-specific mortality [73]. Thus, evidence
has consistently shown that high-fat dairy after
diagnosis is associated with worse survival,
whereas the role of low-fat dairy is uncertain.

Vitamin D

Vitamin D, which is an important regulator of
calcium homeostasis, has also been considered as
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a prostate cancer risk factor. The main source of
vitamin D is endogenous production in the skin
resulting from sun exposure, and diet is a second-
ary source. Dihydroxyvitamin D [1,25(OH),D] is
a steroid hormone involved in regulating differ-
entiation and proliferation of many cell types,
including prostate epithelial cells, which express
functional vitamin D receptors. 1,25(OH),D is
the most biologically active form, whereas
hydroxyvitamin D [25(OH)D] is found in much
higher concentrations in blood and better reflects
sun and dietary exposure, as its levels are less
strictly regulated by the body.

A meta-analysis of circulating 25(OH)D lev-
els in 14 prospective nested case-control studies
found no association with total prostate cancer
risk (OR 1.04, 95% CI 0.99-1.10) [74]. In six
studies of aggressive prostate cancer, defined as a
mix of high grade and advanced stage, there was
also no association (OR 0.98,95% CI1 0.84, 1.15);
however, there was evidence of heterogeneity
between studies. A similar null association was
found in another meta-analysis [75]. A consor-
tium of cohort studies with 518 fatal cases and
2986 controls similarly found no association
between 25(OH)D and risk of fatal prostate can-
cer. However, there was evidence that the 25(OH)
D association may be modified by genetic varia-
tion in several vitamin D-related genes [76].

Five large studies published after these meta-
analyses have had mixed results. The PCPT [77]
found no association overall, but a significant
inverse association between 25(OH)D and high-
grade cancer. Conversely, a Swedish study [78]
found a suggestive positive association with total
prostate cancer, and the ATBC study [79], a
cohort of Finnish smokers, found a significantly
increased risk of total and aggressive (stage 3 or
4 or Gleason grade 8+) disease. Finally, the
SELECT [80] trial reported a U-shaped relation-
ship between circulating Vitamin D and risk of
total prostate cancer, with significantly lower risk
in the middle quintile relative to the lowest quin-
tile and no difference in risk between the highest
and lowest quintiles.

The recently completed VITAL trial [81]
tested vitamin D3 (cholecalciferol) at a dose of
2000 IU per day (together with fish oil) in the

primary prevention of cardiovascular disease and
cancer among 12,786 men 50 years of age or
older with mean follow-up of 5.3 years. There
was no association between vitamin D supple-
mentation and prostate cancer incidence (N =411
total events, RR 0.88 (0.72-1.07)). However, as
with the VITAL results for fish oil supplements,
the limited power and short follow-up time of the
trial limit how informative this null result is.

1,25(0OH),D has been less studied than 25(OH)
D. However, a meta-analysis of seven prospec-
tive studies of 1,25(OH),D found no association
with total prostate cancer (OR 1.00, 95% CI
0.87-1.14). Only two studies have looked at
1,25(OH),D and risk of aggressive disease (both
based on high grade, or advanced stage, or pros-
tate cancer death) with a suggestive combined
odds ratio of 0.86 (95% CI 0.72-1.02) [82].

Survival. In spite of the null findings for asso-
ciations between vitamin D and incidence of total
or aggressive disease, there is some evidence that
vitamin D plays a role in prostate cancer progres-
sion. Several studies have found inverse associa-
tions between 25(OH)D and survival among
prostate cancer patients [83-86], though others
have not [79, 87]. In addition, genetic variants in
the vitamin D pathway are associated with risk of
recurrence or progression and prostate cancer-
specific mortality [76, 85, 88]. Genetic variants
in the vitamin D receptor were associated with
Gleason score in some studies [89, 90], and high
expression of the vitamin D receptor protein in
prostate cancer tissue was associated with lower
risk of prostate cancer mortality among men with
prostate cancer in the HPFS and PHS cohorts,
with adjustment for PSA at diagnosis, Gleason
grade, and stage [91].

Thus, while vitamin D exposure does not
seem to be associated with lower risk of prostate
cancer incidence, several lines of evidence sug-
gest that the vitamin D pathway may play a role
in prostate cancer progression.

Lycopene and Tomatoes

Tomatoes and lycopene, a carotenoid consumed
mainly from tomato products, have been the
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focus of many studies due to early reports of a
significant inverse association between intake
and risk of prostate cancer [92]. A meta-analysis
[93] found significant inverse associations
between both questionnaire-assessed lycopene
intake and circulating lycopene levels and risk of
prostate cancer. Across 16 case-control and 9
prospective studies, men with the highest lyco-
pene intake had a 12% lower risk of prostate can-
cer compared to men with the lowest intakes
(95% C10.78-0.98, p = 0.02).

A pooled analysis of data from 15 prospective
studies found no association between circulating
lycopene levels and risk of overall prostate can-
cer (OR 0.97, 95% CI 0.86-1.08 for top versus
bottom quintile). However, there was significant
heterogeneity by stage, with higher lycopene
associated with lower risk of advanced, but not
localized disease. Men in the highest quintile of
circulating lycopene had a HR of 0.65 (95% CI
0.46-0.91, p-trend = 0.03) for advanced stage or
fatal prostate cancer compared to men in the low-
est quintile.

These findings are in agreement with those
from the HPFS cohort [94] based on lycopene
intake assessed by questionnaire, which found a
stronger inverse association with lethal cancer
(death or distant metastatic disease) than for total
prostate cancer. The HR for lethal cancer was
0.72 (95% CI 0.56-0.94, p-trend = 0.04) for the
highest versus lowest quintile. This inverse asso-
ciation with lethal cancer was stronger among a
sub-cohort of men who received PSA tests (HR
0.47, 95% CI 0.29-0.75, p-trend = 0.009), sug-
gesting the association is not related to differ-
ences in screening or detection.

Cooked or processed tomato products, such as
tomato sauce, tomato soup, and ketchup, offer
more readily bioavailable sources of lycopene
than fresh tomatoes [95]. Accordingly, some epi-
demiologic studies have found significant inverse
effects for tomato sauce while reporting weaker
results for raw tomato intake and no significant
influence for tomato juice [96]. The correlation
between dietary estimates of lycopene based on
food frequency questionnaires and circulating
levels measured in blood are relatively low, rang-
ing from 0 to 0.47 [96]. A clinical trial found that

men assigned to consume one serving per day of
either tomato sauce, tomato juice, or tomato soup
for at least 2 weeks had significant increases in
both plasma and prostatic lycopene levels [97].

Experimental studies suggest that lycopene
can inhibit angiogenesis, perhaps through regula-
tion of vascular endothelial growth factor (VEGF)
and the PI3K-Akt and ERK/p38 signaling path-
ways [98—101]. Interestingly, three measures of
tumor angiogenesis—microvessel diameter and
area and irregularity of the vessel lumen—were
all associated with lycopene intake such that
those with higher intakes had more favorable
angiogenesis markers [94]. These angiogenesis
markers are associated with risk of lethal disease
independent of grade [102]. Overall, there is
fairly consistent evidence that lycopene is associ-
ated with lower risk of advanced or fatal prostate
cancers, and experimental evidence supports this
observation.

Survival. Among men diagnosed with aggres-
sive prostate cancers in the American Cancer
Society’s Cancer Prevention Study II Nutrition
Cohort (CPS II), high lycopene intake before and
after diagnosis was consistently associated with
improved survival; however, there was no asso-
ciation between lycopene intake and survival
when all prostate cancer cases were included
[103].

Soy/Phytoestrogens

Traditional Asian diets are notably high in phy-
toestrogens, chiefly from soy-based foods.
Intakes of soy and phytoestrogens are low in the
typical western diet. Because there are stark dif-
ferences in incidence of prostate cancer between
Asian and western countries, these foods and
compounds have been of interest with respect to
prostate cancer risk.

Dietary phytoestrogens, naturally occurring
constituents of plants, are divided into two main
categories: lignans and isoflavonoids. Lignans
occur in whole-grain bread, seeds, berries, vege-
tables, and tea, while the main source of isoflavo-
noids is soy beans and soy products. The primary
isoflavones in soy are genistein and daidzein.
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Animal studies have suggested that phytoestro-
gens may play a role in prostate cancer initiation
and progression through estrogenic effects, inhi-
bition of angiogenesis, antioxidant activity, stim-
ulation of apoptosis, and inhibition of cell growth
[104-108].

A meta-analysis [109] of 16 studies of soy
intake and total prostate cancer risk found a sig-
nificant inverse association, with a relative risk of
0.70 (95% CI 0.58-0.85) for the highest versus
lowest intakes. The association was stronger for
unfermented soy foods (including soy milk, tofu,
and soybeans) and was not significant for fer-
mented soy foods (miso and natto). In addition,
the inverse association was more pronounced
among the nine case-control studies than in the
seven prospective cohort studies. In four prospec-
tive studies that examined risk of advanced dis-
ease specifically there was no association with
soy intake. The meta-analysis also included nine
studies of circulating genistein and seven of cir-
culating daidzein and found no association
between these isoflavones and prostate cancer
risk.

Another meta-analysis of questionnaire-
assessed phytoestrogen intakes [110] found a sig-
nificant inverse association with total prostate
cancer risk in 18 case-control studies (RR for
highest versus lowest category 0.69, 95% CI
0.57-0.81) and a borderline significant inverse
association in 11 cohorts studies (RR 0.87, 95%
CI 0.89-1.00). However, there was a suggestion
of publication bias. In addition, the borderline
significant association in prospective studies sug-
gests that selection and/or recall bias may explain
some of the results seen in the case-control
studies.

The Multiethnic Cohort Study (MEC) [111],
conducted among men in Hawaii and California,
was the largest study included in both meta-
analyses. There was a suggestion of an inverse
association between soy foods and overall pros-
tate cancer risk (HR 0.90, 95% CI 0.80-1.01,
p-trend = 0.20 for the highest versus lowest ter-
tile), and a borderline significant association for
high-grade or nonlocalized prostate (HR 0.78,
95% CI 0.62-0.98, p-trend = 0.05). There was no
inverse association between soy food and pros-

tate cancer risk among the Japanese-American
men in the study, who had higher soy intakes than
the white, Latino, and African-American men.
Two cohort studies in Japan that involved study
populations with much higher soy intake than in
MEC found suggestive, but not statistically sig-
nificant, inverse associations with prostate cancer
[112, 113].

Overall, weak inverse associations have been
observed between soy and isoflavone intake;
however, the lack of association for circulating
isoflavone levels, along with the weaker results
among prospective studies and among popula-
tions with higher soy intake suggest that the
observed associations may be due to bias (selec-
tion bias, recall bias, confounding) rather than an
underlying causal association. Additional pro-
spective cohort studies are needed in populations
with high soy intake to determine whether there
is, in fact, an inverse association with disease
risk.

Survival. One clinical trial [114] of soy pro-
tein supplementation and biochemical recurrence
enrolled 177 men at high risk of recurrence fol-
lowing radical prostatectomy and randomized
them to a daily soy protein isolate supplement
versus placebo. Treatment lasted up to two years.
The trial was stopped early due to a lack of treat-
ment effect. It should be noted that adding soy
protein isolate to an overall western dietary pat-
tern has different nutritional effects than substi-
tuting soy foods for other foods in the diet, which
is what was studied in the epidemiological stud-
ies of prostate cancer incidence discussed above.
The association between soy food or isoflavone
intake and long-term survival among men with
prostate cancer has not been studied.

Vitamin E and Alpha-tocopherol

Vitamin E refers to a group of fat-soluble com-
pounds, including tocopherols and tocotrienols,
which have antioxidant and pro-immune proper-
ties. Gamma-tocopherol is the most common
tocopherol in the US diet, but plasma levels of
alpha-tocopherol are higher than those of gamma-
tocopherol [115]. Alpha-tocopherol is the
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biologically most active form, and current dietary
recommendations for vitamin E in the US are
based on alpha-tocopherol alone. Possible anti-
carcinogenic actions of vitamin E include its
ability to reduce DNA damage and inhibit malig-
nant cellular transformation [116, 117]. In exper-
imental models, derivatives of vitamin E inhibit
growth, induce apoptosis, and enhance therapeu-
tic effects in human prostate cancer cells [118,
119].

Interest in Vitamin E with respect to prostate
cancer was driven by secondary results of the
Alpha-Tocopherol Beta-Carotene Cancer
Prevention (ATBC) Study [120]. ATBC was a
randomized trial of lung cancer prevention
among male smokers in Finland. While alpha-
tocopherol supplementation had no effect on
lung cancer risk, men given alpha-tocopherol had
a 32% reduction in prostate cancer risk compared
to placebo [121]. Several years earlier, a large
trial of a multi-nutrient supplement in Linxian,
China found that vitamin E (in combination with
selenium and beta-carotene) reduced overall can-
cer mortality [122]. These results, along with
laboratory evidence and some epidemiologic
support, motivated two trials of vitamin E supple-
mentation on the risk of prostate cancer, SELECT
and the Physicians’ Health Study II (PHS II).

SELECT was a trial of selenium and vitamin
E supplementation and prostate cancer risk, con-
ducted among 35,533 men from the US, Canada,
and Puerto Rico. The study was planned for
7-12 years but was stopped early due to a lack of
efficacy for risk reduction [123]. The initial
report, based on an average of 5.5 years of treat-
ment, found a non-significant suggestion of
increased prostate cancer risk among men receiv-
ing 400 IU/day of alpha-tocopherol. With addi-
tional follow-up time, the vitamin E group was
found to have a significantly increased risk of
prostate cancer (RR 1.17, 99% CI 1.004-1.36,
p=0.008, among 1149 cases) [124]. Interestingly,
there was not a statistically significant increased
risk of prostate cancer in the vitamin E and sele-
nium combination group (HR 1.05, 95% CI
0.89-1.22), suggesting the two may interact. In
fact, SELECT was designed as a four-group trial
rather than a factorial trial based on the hypothe-

sis that the two agents, both of which have anti-
oxidant activity, may interact [125].

PHS 1II, conducted contemporaneously with
SELECT, was a randomized trial of vitamin E
and vitamin C supplement use and prostate can-
cer risk among 14,642 US physicians. With a
median of 8 years of follow-up, there was no
effect of 400 IU of vitamin E taken every other
day on incidence of prostate cancer (HR 0.97,
95% CI 0.85-1.09) [126]. PHS II was a factorial
design, so the vitamin E estimate was made
across groups of vitamin C supplement use; how-
ever, there was no suggestion of an interaction
between vitamin E and vitamin C
supplementation.

Together, the SELECT and PHS II results sug-
gest that vitamin E supplement use is at best inef-
fective and possibly harmful with respect to
prostate cancer risk. This is in contrast to the
ATBC findings that spurred these trials. Of note,
all men in the ATBC trial were smokers, and the
prostate cancers were diagnosed prior to the
advent of PSA screening, and thus were gener-
ally aggressive. The SELECT and PHS II trials
were done in the PSA screening era and could not
specifically study advanced or fatal prostate can-
cers. Of 2279 prostate cancers diagnosed in
SELECT through July 2011, only nine were
diagnosed with stage T3 disease, three with N1
disease, and 13 with metastatic disease. Even the
ability to study high-grade cancer was limited,
with 613 (27%) cases grade 7 and above, only
134 of which were grade 8—10 [124]. In addition,
only 8% of men in SELECT and 4% of men in
PHS II were current smokers, so neither trial
could address the effect of vitamin E specifically
among smokers.

Interestingly, epidemiological studies of vita-
min E and prostate cancer risk have tended to
support the ATBC results, with generally null
associations for overall prostate cancer, but
inverse associations for advanced disease and
among smokers. In the VITamins And Lifestyle
(VITAL) study, a cohort study in Washington
state designed specifically to examine supple-
ment use and cancer risk, intake of supplemental
vitamin E over 10 years was not associated with
overall prostate cancer risk, but was associated
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with a reduced risk of advanced prostate cancer
(n=123; HR 0.43, 95% CI 0.19-1.0 for average
intake >400 IU/day vs. none) [127]. Other epide-
miological studies have similarly found a protec-
tive association limited to ever smokers, including
a prospective study of dietary vitamin E intake
[128], and a study of vitamin E supplementation
and lethal prostate cancer risk [129].

A pooled analysis of 13 prospective studies of
blood alpha-tocopherol and prostate cancer risk
found significant inverse associations overall and
for advanced prostate cancer (regionally invasive,
distant metastatic, or fatal cancer), with an odds
ratio for advanced disease of 0.74 (95% CI 0.59—
0.92; p-trend = 0.001) for the highest versus low-
est quintile, based on 1226 advanced cases [130].
There was significant heterogeneity by disease
aggressiveness, with no association for non-
advanced disease. In addition, there was no asso-
ciation among never smokers (OR 0.99, 95% CI
0.82-1.18), and significant inverse associations
for former and current smokers (OR 0.84, 95%
CI10.72-0.97 for former; OR 0.82, 95% CI 0.73—
0.93 for current), although the p-value for hetero-
geneity by smoking was not statistically
significant.

Overall, use of vitamin E supplements for
prostate cancer prevention is not supported; how-
ever, diets higher in alpha-tocopherol appear to
be associated with lower risk of advanced dis-
ease, particularly among smokers. The underly-
ing mechanisms for this association among
smokers are unclear.

Selenium

The trace element selenium is not itself an anti-
oxidant, but it is an essential element for the anti-
oxidant enzyme glutathione peroxidase. It is also
required for the function of other selenoproteins
involved in exerting anti-tumor effects, including
apoptosis and inhibition of cellular proliferation
[131-133]. Dietary intake of selenium depends
on the selenium content of soil in which foods are
grown, which varies greatly by geography.
Ecologic studies have suggested an inverse asso-
ciation between selenium soil content and pros-

tate cancer incidence [134]. Because selenium
contents in specific foods vary based on the sele-
nium content of the soil, epidemiological studies
of selenium must be based on biological sam-
pling, primarily measuring selenium levels in
blood or toenails, rather than questionnaire-based
diet assessments. Since the activity of some sele-
noenzymes plateau with higher selenium level
[135], the chemopreventive effect of supplemen-
tal selenium is expected to be greatest in popula-
tions with low baseline selenium exposure, with
little marginal effect among selenium-replete
populations [136].

Like vitamin E, selenium was tested in the
SELECT trial based on secondary results of other
randomized trials. The Nutritional Prevention of
Cancer Trial, designed to study the effect of sele-
nium supplementation on non-melanoma skin
cancer recurrence, found a 63% reduction in
prostate cancer risk among men taking selenium
supplements [137]. With additional follow-up
time, the protective effect was seen only among
men with low baseline levels of PSA or selenium
[136]. Another trial of selenium (with vitamin E
and beta-carotene) in Linxian, China found a
reduction in total cancer mortality in China [122].

As discussed above, the SELECT trial was
stopped early due to lack of efficacy of the sup-
plements [123]. With additional follow-up, there
was still no association between selenium and
prostate cancer risk (RR 1.09, 99% CI10.93-1.27)
[124]. In addition, baseline selenium status (mea-
sured in toenails) was not associated with pros-
tate cancer risk among men in the trial, and
baseline status did not modify the association
between selenium supplementation and risk
[138]. As with vitamin E, conclusions about sele-
nium drawn from SELECT are limited by the
small number of advanced and high-grade cases.

A recent Mendelian randomization study
[139] among over 70,000 men in the PRACTICAL
consortium used a gene score based on 11 SNPs
that predict circulating selenium levels as a non-
confounded proxy for selenium status to investi-
gate whether selenium might be causally related
to prostate cancer risk. The results were similar to
SELECT, with no association with overall pros-
tate cancer risk. There was a non-significant
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suggestion of increased risk of aggressive disease
(OR = 1.21, 95% CI 0.98-1.49). However, the
genetic instrument, while very significantly asso-
ciated with circulating selenium levels
(p <5 x 107%), explained only 2.5-5% of varia-
tion in these levels, limiting how informative this
study is for shedding light on the true association
between circulating selenium and prostate cancer
risk.

In contrast to the SELECT results, observa-
tional studies of selenium and prostate cancer
risk have been quite consistent in finding inverse
associations. A recent pooled analysis [140] of
individual-level data from 15 prospective studies
found that nail selenium levels were associated
with lower risk of total and aggressive prostate
cancer, while blood levels were associated with
lower risk of aggressive disease. For aggressive
prostate cancer, the OR for men in the highest
versus lowest quintile of nail selenium was 0.18
(95% CI10.11-0.31), and for blood selenium was
0.43 (95% CI 0.21-0.87). A recent report from a
Danish cohort [141] also found an inverse asso-
ciation between plasma selenium and risk of
high-grade prostate cancer (HR 0.77, 95% CI
0.64-0-94, p-trend = 0.009) but no association
with total or advanced stage disease. Two recent
meta-analyses of blood selenium [142] and toe-
nail selenium [143] also found significant inverse
associations.

These results are unusually consistent and
strong among studies of dietary factors and pros-
tate cancer risk. Because selenium status depends
on the geographical source of foods in the diet
rather than the selection of specific foods, it is
difficult to imagine how confounding by other
aspects of a healthy diet or lifestyle could explain
the magnitude of the results from observational
studies. The results of the SELECT trial do not
support the use of selenium supplements for the
prevention of prostate cancer in middle-aged and
older men. However, the association between
selenium and prostate cancer risk and survival is
still not completely clear.

Survival. A study in HPFS found that use of
selenium supplements of 140 mcg/day was asso-
ciated with significantly increased risk of pros-
tate cancer mortality among men diagnosed with

localized prostate cancer. The association was
independent of pre-diagnosis supplement use,
use of other supplements, and stage and grade of
disease at diagnosis [144]. The authors suggest
the possibility of a U-shaped relationship between
selenium status and cancer incidence and pro-
gression, with adverse effects at very low and
very high levels.

Other Lifestyle Factors
Tobacco

Although strongly linked to a number of cancers,
cigarette smoking does not appear to be associ-
ated with overall prostate cancer incidence. A
meta-analysis [145] of 15 studies prior to 1995
(i.e., the pre-PSA era), found a pooled relative
risk for current smoking and risk of prostate can-
cer of 1.06 (95% CI 0.98-1.15). For 18 studies
completed after 1995 (the PSA screening era),
there was a significant inverse association with
current smoking (RR 0.84, 95% CI 0.79-0.89).
This likely reflects the fact that current smokers
are less likely to undergo PSA screening and are
therefore not as likely as non-smokers to be diag-
nosed with prostate cancer. This heterogeneity by
time period highlights the importance of account-
ing for PSA screening in studies of prostate can-
cer incidence. A previous meta-analysis [146]
similarly found no association between current
smoking and prostate cancer incidence; however,
it did show a positive association with risk among
the heaviest smokers measured by cigarettes per
day or pack-years.

In contrast to the lack of association for over-
all prostate cancer, a positive association between
smoking and prostate cancer mortality has been
documented consistently, as noted by the Surgeon
General’s 2014 report [147]. A meta-analysis of
21 prospective cohort studies of smoking and
prostate cancer mortality found that current ciga-
rette smoking was associated with a 24%
increased risk of fatal disease (95% CI 18-31%),
with little evidence of heterogeneity between
studies [145]. There was a significant dose-
response relationship between number of
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cigarettes smoked per day and mortality. There
was a suggestion of increased risk for former
smoking and subsequent prostate cancer mortal-
ity, with a 6% increase in risk (95% CI 0-13%).
In the HPFS cohort smokers who had quit less
than 10 years previously were at increased risk of
fatal prostate cancer (HR 1.73, 95% CI 1.00-
3.01), but that longer-term former smokers were
not at significantly increased risk (HR 1.04, 95%
CI 0.66-1.64). Thus smoking is consistently
observed to be associated with risk of advanced
or fatal prostate cancer and appears to play a role
in disease progression, in spite of its lack of asso-
ciation with overall incidence.

Survival. In line with findings on incidence of
lethal disease, studies of smoking and survival
among prostate cancer patients suggests that
smoking is associated with increased prostate
cancer-specific mortality as well as total mortal-
ity [148—154]. A pooled analysis of five prospec-
tive cohort studies found that current smoking
was associated with a 40% higher risk of prostate
cancer mortality (95% CI 20-70%) among pros-
tate cancer patients [155]. A meta-analysis of 28
studies including both population-based and
clinically-based study populations with varying
treatments found that current smokers at treat-
ment have worse overall mortality (HR 1.96,
95% CI 1.69-2.28), prostate cancer-specific mor-
tality (HR 1.79, 95% CI 1.47-2.20), and
recurrence-free survival (HR 1.48, 95% CI 1.28—
1.72) than never smokers. Virtually all of the
included studies adjusted for age at diagnosis,
stage, and grade, and associations were similar
across studies judged at high or low risk of bias.
Another meta-analysis [156] among patients with
localized prostate cancer undergoing primary
radical prostatectomy or radiotherapy found very
similar results.

Obesity

Because obesity can influence endogenous levels
of sex hormones [157, 158], as well as the insu-
lin/IGF axis, both of which are relevant to pros-
tate cancer, it has been studied in many
epidemiologic studies. Body mass index (BMI),

measured as height (m)/weight (kg)? is the most
commonly used measure of obesity in these stud-
ies. At the population level, BMI is highly corre-
lated with other measures of adiposity and is
uncorrelated with height [159, 160]; it is strongly
predictive of mortality [161]. However, it does
not perform well in the very elderly, when high
BMI may begin to reflect lean body mass rather
than adiposity [162].

The association between BMI and total pros-
tate cancer incidence is somewhat inconsistent. A
meta-analysis of 27 studies found a borderline
significant combined relative risk of 1.03 (95%
CI 1.00-1.07, p = 0.11) per 5 unit increase in
BMI [163]. However, BMI is consistently associ-
ated with a lower risk of localized disease but an
increased risk of advanced disease. Because of
this heterogeneity by stage, the association
between BMI and total prostate cancer varies
across populations depending on PSA screening
and the case mix found in that time and place. A
meta-analysis of 13 prospective studies [164]
found a relative risk per 5 unit increase in BMI of
0.94 (95% CI 0.91-0.97) for localized prostate
cancer, and 1.09 (95% CI 1.02-1.16) for advanced
prostate cancer. (The definitions of localized and
advanced were a mix of advanced stage and high-
grade, depending on the original studies.)

The AICR/WCRF Continuous Update
Project report on prostate cancer [10] concluded
that greater body fatness is a “probable” cause
of advanced prostate cancer. Their meta-analy-
sis of 23 studies of advanced cancer found a
relative risk per 5 unit increase in BMI of 1.08
(95% CI 1.04-1.12). For 12 studies of prostate
cancer mortality, the combined relative risk per
5 unit increase in BMI was 1.11 (95% CI 1.06—
1.17). These results are consistent with more
recently published results from the large
European EPIC cohort [165], which found a
hazard ratio for fatal prostate cancer of 1.14
(95% CI 1.02-1.27) per five unit increase in
BMI. Two recent meta-analyses [164, 166] also
found similar magnitudes of association with
prostate cancer mortality, as did a pooled analy-
sis of 57 prospective studies [167] from Europe,
Japan, and the USA, comprising 1242 prostate
cancer deaths.
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The NIH-AARP cohort [168], which includes
over 150,000 U.S. men, studied BMI trajectories
from early adulthood onward. The BMI trajecto-
ries were not associated with total prostate cancer
incidence. However, among never-smokers, BMI
trajectories that resulted in obesity during adult-
hood were associated with a twofold increased
risk of fatal prostate cancer compared to men
who maintained a healthy BMI. These results
highlight the importance of accounting for smok-
ing in studies of obesity due to the strong inverse
association between smoking and body weight
and the positive association between smoking
and prostate cancer survival.

Survival. Higher BMI is fairly consistently
associated with poorer outcomes among men
diagnosed with prostate cancer. In a meta-
analysis of six studies of survival after prostate
cancer diagnosis, the relative risk of prostate can-
cer mortality was 1.20 (95% CI 0.99-1.46) for a
five unit increase in BMI around the time of diag-
nosis or treatment [164]. There was significant
heterogeneity in this estimate due to the inclusion
of the largest study, which found a non-significant
inverse association with mortality based on 4
years of follow-up. Two studies among men with
prostate cancer in Sweden published after the
meta-analysis found significantly increased risks
of prostate cancer-specific mortality with higher
BMI [169, 170]. In 16 studies of biochemical
recurrence after treatment, a five unit increase in
BMI was associated with a relative risk of 1.21
(95% CI 1.11-1.31) [164].

Body Size in Early Life

Childhood obesity is inconsistently associated
with adult prostate cancer risk. Four studies have
examined pre-puberty body size (8—10 years)
[171-174], with two reporting inverse associa-
tions, including for advanced disease [172, 173],
while two others found no associations [171,
174]. One of these studies was from HPFES [174],
which was an update of a previous report from
this cohort [175], which found significant inverse
associations between obesity at age 10 and risk of
advanced and metastatic disease. However, this

association was no longer observed with 16 addi-
tional years of follow-up. It is possible that child-
hood body size influences risk of prostate cancer
less among older men. One study of body size at
the time of puberty also found no association
with prostate cancer risk [176].

The HPFS found an inverse association
between BMI at age 21 and risk of advanced and
lethal (death or distant metastasis) prostate can-
cer, independent of later life and earlier life body
size [174]. Two other studies found similar
inverse associations with advanced [172] or fatal
[177] disease; however, other studies have found
no associations [178-181]. A review of studies
on total prostate cancer incidence suggested no
relationship or a weak positive relationship
[182].

Adiposity is known to increase estrogen and
decrease androgen serum concentrations in men
[157]. Hence, a childhood or early adult hor-
monal milieu characterized by low exposure to
the stimulating effect of androgens on the pros-
tate might protect against the disease. However,
overall there is no consistent association between
childhood and young adult body size and prostate
cancer risk.

Weight Change

A meta-analysis of adult weight gain, from
around age 18 to 25 until study entry in mid or
late life and risk of prostate cancer found no clear
association with overall risk [183]. Among eight
prospective studies, the combined relative risk
for the highest versus lowest weight gain cate-
gory was 0.98 (95% CI 0.91-1.06). A dose-
response meta-analysis of four studies also found
no association, but there was a suggestion of an
inverse association for localized disease (RR 0.96
for 5 kg weight gain, 95% CI 0.92-1.00) and a
suggestion of a positive association for advanced
disease at diagnosis (RR 1.04 for 5 kg weight
gain, 95% CI 0.99-1.09). In line with these sug-
gestive findings, several cohort studies have
found significant positive associations between
adult weight gain and prostate cancer mortality
[181, 184, 185].
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Given that obesity itself is associated with
increased risk of advanced and fatal prostate can-
cer, it is difficult to separate the effect of weight
gain during adulthood from the effect of obesity.
The large NIH-AARP study [168] discussed
above found a similar increase in risk of fatal
prostate cancer among never smokers for all
weight change trajectories ending in obesity,
regardless of the specific timing of the weight
gain. A study [186] among men diagnosed with
localized prostate cancer in the HPFS cohort
found that weight gain from age 21 to the time of
diagnosis was associated with worse survival
among never smoking men, whereas BMI itself
at the time of diagnosis was not associated with
survival.

Four studies have examined short-term weight
gain around the time of prostate cancer diagnosis.
Two studies used mortality as the outcome. One
[169] found a significantly increased risk of pros-
tate cancer-specific mortality for weight gain of
>5% compared to stable weight in the 5-10 years
after diagnosis of localized prostate cancer, and a
significantly increased risk of total mortality for
weight loss of >5%. Another [186] found no
association between weight change in the 4 or
8 years prior to diagnosis and prostate cancer
mortality among men diagnosed with localized
disease. Two other studies among men treated
with prostatectomy reported that weight gain in
the year before surgery [187] or from 1 year
before to 5 years after surgery [188] were associ-
ated with increased risk of biochemical recur-
rence. Additional studies of the role of weight
changes before and after diagnosis and prostate
cancer survival are needed.

Physical Activity

Physical activity is associated with reduced risk
of several types of cancer. Multiple biological
mechanisms for this have been proposed, includ-
ing enhanced immune system function [189],
changes in the endogenous hormonal milieu
[190-192], reduction in inflammation [193-196],
and reduced obesity [197]. Both obesity and met-
abolic syndrome have been associated with

increased risk of advanced prostate cancer and
worse prostate cancer-specific survival and
response to hormonal therapy [198], so the posi-
tive systemic effects of exercise may impact
prostate cancer risk and survival.

Physical activity has not been associated with
overall prostate cancer risk. A meta-analysis
[199] of 27 cohort studies and 23 case-control
studies found a summary relative risk of 0.99
(95% CI 0.94-1.04) comparing the highest ver-
sus lowest categories of activity. Interestingly, a
population-based Norwegian cohort study [200],
which also found no association between higher
levels of activity and risk of overall prostate can-
cer, did report a positive association between sit-
ting time and risk. Men who reported sitting for 8
or more hours per day had a 22% (95% CI
5-42%) increased risk of prostate cancer com-
pared to those who reported less than 8 h/day of
sitting time.

Results on the association between physical
activity and risk of advanced or fatal disease are
mixed. Two prospective cohort studies, HPFS
[201] and the CPS II [202], found inverse asso-
ciations between higher levels of recreational
physical activity and the risk of advanced or fatal
disease, independent of BMI. However, four
other cohorts, EPIC [203], the NIH-AARP Diet
and Health Study [204], the Swedish National
March Cohort [205], and PHS [206] found no
associations between greater activity and risk of
disease by stage or grade. Overall, a meta-
analysis [199] of 10 cohort studies found no asso-
ciation between pre-diagnosis physical activity
and prostate cancer mortality, with a relative risk
of 0.93 (95% CI10.81-1.08) for the highest versus
lowest categories of activity.

The assessment of long-term physical activity
levels is challenging. Study participants are
often asked to report on the type, intensity, and
duration of their average physical activity, both
currently and in the past. The resulting misclas-
sification may be responsible for the weak and
often nonsignificant findings. Subgroups less
prone to measurement error, such as, men who
engage in a consistent program of vigorous
activity, may offer the best chance of detecting a
relationship between exercise and prostate can-
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cer if one exists. The HPFS analysis is unique in
that it was based on repeated prospective assess-
ments of physical activity every 2 years over
14 years of follow-up. It found significantly
lower risks of advanced and fatal disease for
high levels of vigorous activity, but not for more
moderate activity [201]. It is possible that
repeated assessments of physical activity over
time and study populations with a wide range of
activity, including very active participants, is
required for an inverse association between
physical activity and advanced prostate cancer
risk to emerge.

Survival. Physical activity may improve pros-
tate cancer survival and may also ameliorate
some of the adverse effects of therapy [207].

The few observational studies of activity after
diagnosis and prostate cancer progression have
reported beneficial associations. A meta-analysis
[199] of four cohort studies of physical activity
after diagnosis and prostate cancer mortality
found a significant inverse association, with a
relative risk of 0.69 (95% CI 0.55-0.85) compar-
ing the highest to lowest activity categories. In
the HPES cohort, both moderate activity (>2.5 h/
week) and vigorous activity (>1.25 h/week)
were both associated with significantly improved
overall and prostate cancer-specific survival
[208, 209]. The authors estimated that 13-16%
of deaths among men diagnosed with non-
metastatic prostate cancer in the study popula-
tion would have been prevented over 10 years if
all men had engaged in 1.25 h/week or more of
vigorous activity, and 5-10% of deaths could
have been avoided with engagement in modera-
tive activity.

A study of PSA recurrence in prostate cancer
patients found similar decreases in risk with
higher activity levels [210]. This lends support to
the results for mortality because PSA recurrence
is less susceptible to bias due to reverse causation
(i.e., decreasing activity levels in response to dis-
ease progression) than prostate cancer mortality
is.

Overall, while evidence on physical activity
and prostate cancer incidence is mixed, it appears
that activity is beneficial among men with pros-
tate cancer.

Summary and Future Directions

Although an inherited genetic component may be
larger for prostate cancer than for most other
malignancies, evidence that lifestyle factors are
important is also overwhelming; the substantial
geographic variation and changing incidence
among migrants demonstrate this as well. A sum-
mary of the evidence for diet and other lifestyle
factors and prostate cancer risk is provided in
Table 2. Substantial data supports that smoking
and obesity/higher BMI are associated with
increased risk of advanced prostate cancer, while
obesity it inversely associated with risk of local-
ized disease. In addition, an inverse association
between vigorous activity and risk of advanced
disease seems likely. Dietary factors associated
with prostate cancer risk and survival are less
well established. Of those studied, it seems prob-
able that dairy intake is associated with increased
risk, while fish intake and lycopene/tomato intake
are associated with lower risk. However, even
these dietary factors remain somewhat controver-
sial within the research community.

Aside from these three dietary factors, most of
the evidence on diet and prostate cancer is incon-
clusive. The role of calcium, vitamin D, and soy/
phytoestrogen intake remains to be clarified. And
the SELECT trial has complicated the interpreta-
tion of the data on Vitamin E and selenium.

SELECT and PHS II established that use of
Vitamin E supplements in middle age and later
are at best not protective, and possibly harmful,
with respect to prostate cancer risk. However, cir-
culating levels of vitamin E are very consistently
associated with lower risk in observational stud-
ies, with no clear sources of confounding or other
biases that might explain these results. The role
of dietary and supplemental Vitamin E thus
remains uncertain.

SELECT also found that use of selenium sup-
plements in middle age and beyond are not pro-
tective for prostate cancer. However, observational
studies are quite consistent in finding a substan-
tially lower risk of prostate cancer among men
with higher toenail or blood levels of selenium,
and again, there are no clear sources of confound-
ing or other bias that seem to explain these
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results. Thus the role of selenium in prostate can-
cer remains unclear and controversial.

Finally, the clear positive associations between
height and circulating IGF-1 and prostate cancer
risk, along with the long natural history of pros-
tate cancer, suggest that dietary factors in child-
hood and adolescence likely impact prostate
cancer risk; however, specific relationships have
yet to be established, as studying early life expo-
sures presents methodological challenges.

In practical terms, men concerned with pros-
tate cancer risk should be encouraged to stop
smoking, be as physically active as possible, and
achieve or maintain a healthy weight. These rec-
ommendations also have the advantage of having
a positive impact on risk of type 2 diabetes, car-
diovascular disease, and other chronic diseases.
Reducing dairy intake while increasing con-
sumption of fish and tomato products is also rea-
sonable advice. Finally, men should be counseled
against taking Vitamin E or selenium supple-
ments at levels higher than those found in multi-
vitamins. (This is particularly true for Vitamin E
given that meta-analysis of randomized trials find
that high-dose Vitamin E supplements increase
total mortality [211, 212].) Further research is
needed to support more specific dietary recom-
mendations for prostate cancer prevention and
for preventing recurrence and progression in
prostate cancer patients.
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