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Abstract

Background: Prostate cancer (PCa) is the second most common malignancy in men worldwide. The purpose of this
study was to provide a brief synthesis the current knowledge for the effects of physical activity (PA) and nutrition on
PCa risk.

Methods: A systematic review of English languages reviews, meta-analysis, and original articles published from 2009
to 2015 extracted from the following websites: MEDLINE, Web of Science, Health Soutce, Science Direct, and their
references.

Results: The review of the literature led to the selection of 12 review or meta-analysis studies and 15 lately published
observational studies. Most of studies reported relationship of recreational and occupational PA and vegetables, fruits,
vitamins, red/processed meats, and fats consumption with risk of PCa. Decreased tisk for PCa associated with exer-
cise was reported in seven of the ten articles on this topic. The inverse association of vegetables and/or fruit intake
with PCa risk was reported in eight of 13 papers. The effect of meat/fat intake on PCa was estimated in four articles
finding increased risk. There was heterogeneity between studies, and findings are inconsistent.

Conclusion: Physical activity does not significantly reduce the risk of PCa; however, vigorous exercise may reduce the
risk of aggressive tumor. Besides, there is a lack of definitive evidence supporting the preventive role of diet against
PCa. Due to many other benefits of regular moderate-vigorous PA and a diet high in vegetables and fruits and low in
red/processed meats and fats, these lifestyle pattetns may be recommended.
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Introduction

“Prostate cancer (PCa) is the second most com-
mon malignancy in men worldwide and the third
leading cause of cancer death” (1). “According to
global statistics, 1,111,689 the PCa incidence and
307,471 total deaths due to this cancer were esti-
mated in 2012” (2). Epidemiological and labora-
tory findings suggest that PCa is a multifactorial
disease undergoing to several non-modifiable risk
factors (e.g. older age, race, family history of PCa)
(3, 4) and possible modifiable risk factors such as
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lifestyle (5). Age is the major risk factor; the inci-
dence of the disease increases with age and is
more common in men above 50 yr of age being
over 80% linked with men aged above 65 yr (3).
Environmental factors (smoking, radiation, infec-
tions agents, industrial chemicals and air/water
pollution, medications, obesity, physical inactivi-
ty, unhealthy nutrition) play an important role in
the PCa pathology. Only 5%-10% of all cancers
are linked with “genetic abnormalities” (6).
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During the past two decades, a great interest has
been placed in the modifiable risk factors, like
physical inactivity (7-9) and diet poor in natural
antioxidants (10-12) as the risk factors for cancer,
including PCa. Moreover, lifestyle has been re-
ported as an important aspect of quality of life
for the PCa survivors and a factor slowing the
cancer progression and reducing mortality (13).
Biological benefits of regular moderate physical
activity (PA) are consistently documented for
primary cancer prevention, due to wide spectrum
of its interactions (8, 14-18). In this respect, sev-
eral previous reviews of epidemiological studies
worldwide addressed the associations between
PA and cancer risk, however, in the case of PCa
the research is in the early stage comparing to
breast or colorectal cancers. Some degree of a
link between nutrition and PCa risk was demon-
strated (6, 19-22).

This study provides a brief synthesis of the most
important findings and conclusions available
from the recent reviews and meta-analyses, con-
cerning PCa incidence, the role of PA and diet in
the cancer risk, and presents lately published epi-
demiologic findings on this topic not included in
the previous review reports.

Methods

Four databases (Health Source, Science Direct,
Web of Science, and MEDLINE) were searched
from 2009 to Dec 2015. The search terms includ-
ed prostate cancer, physical activity, exercise, diet, vegeta-
bles/ fruits, nutrition, and supplements. In ordet to lim-
it the size of the article and the number of refer-
ences, meta-analyses and reviews of data not in-
cluded in the analysis of the Second Expert Re-
port (6) and lately published cohort and case-
control studies on the interesting topic are cited.
The reference lists from the relevant articles to
check the retrieved data and to obtain additional
information were also read. The search was lim-
ited to publications in English. Due to high level
of heterogeneity in the study design, we have not
carried out estimation of the overall quantitative
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synthesis of data across selected studies but dis-
play them in tables.

Results

Prostate cancer incidence

Epidemiologic data have shown large geograph-
ical variations in the PCa incidence (Fig. 1).

The highest cancer incidence rates are observed
in Australia and Oceania, and Northern America,
while South-Central Asia and Northern Africa
have the lowest rates (23). In general, PCa rates
are 4.83 times higher in the more developed re-
gions in comparison with less developed regions
(69.5 s 14.5 cases per 100000) (23). These geo-
graphic differences may be partially due to a fact
that prostate-specific-antigen (PSA) screening in
developed countries allows to diagnose cancers at
earlier stage, as well as to difference in PCa
treatment (24). Men who migrate from geograph-
ical regions with low PCa mortality to the devel-
oped countries with high mortality assume a
higher prevalence rate (25). Besides, PCa is more
often diagnosed among Afro-Americans (3). The
disease prevalence and mortality rates increase
strongly in countries with traditionally low the
disease rates, like China or Japan. Increased rates
for this disease are even observed in the more
developed cities in the countries that are similar
with respect of culture and geography, like coun-
tries of the South Asia (25).

Physical activity and prostate cancer

Physical activity (PA) is defined as any bodily
movement using skeletal muscles resulting in en-
ergy expenditure (26). Four domains of PA are
distinguished: household, transport, recreational,
and occupational (26). For the association of PA
with PCa risk, we selected four recently published
reviews and meta-analyses (27-30) and six epide-
miological studies (31-36) (Table 1). All retrieved
reviews demonstrated the risk reduction with
high moderate levels of occupational or recrea-
tional activity.
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Fig.1: Age — standardized prostate cancer incidence and mortality rates in the area, 2012 (23)

The magnitude of risk reduction found in the
reviews ranged from 10% to 56% for occupa-
tional PA and from 5% to 65% for recreational
activity. Risk reduction was reported in three of
six included case-control studies ranging from
72% to 93%. Similarly, as the authors of two re-
views (28, 30), we noticed stronger risk reduction
in case-control studies compared to cohort stud-
ies.

Nutrition and prostate cancer

For this topic, we selected seven recently pub-
lished reviews and meta-analyses (37-43) and nine
epidemiological studies (44-52).

An inverse association between high intake of
vegetables and/or fruits was teported by three
(37, 42, 43) of four reviews which considered
these components of a diet and in five (44-406, 49,
52) of nine epidemiological studies. A statistically
significant protective effect of vegetables or fruits
on PCa found in case-control studies was strong
(38%-91%), although non-significant decrease in
the risk for vegetable intake or a lack of associa-
tion for fruit consumption was also reported (49,
52). Much lower risk reductions for vegeta-
ble/fruit intake were estimated in meta-analyses
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(37, 42). One review (43) and three case-control
studies (45, 50, 52) reported the positive associa-
tion between red meat and/or grilled and pro-
cessed meats and PCa risk. A high consumption
of meats was significantly linked with increased
risk at least by a 56%, especially for intake of red
or processed meats. One review (38) which ana-
lyzed the relationship for high intake of saturated
fats and omega-6 fatty acids found the increased
risk. One case-control study (48) found increased
risks by 55% and 45% for oils use and fish con-
sumption, respectively. Besides, one case-control
study (51) reported an increase in the risk in the
individuals consuming more than 3.5 eggs/weck.
This result was not confirmed in a meta-analysis
(40). Supplementation of vitamin A, E was an-
other reported risk factor for PCa (38, 48). Fur-
ther, one review reported a high probability of
the risk reduction in consumers of “Mediterrane-
an diet” and its increase in consumers of western
diet (37). Similarly, a cohort study (44) found a
strong risk reduction (46%) in HPFS group for
diet high in tomatoes and fatty fish and poor in
processed meat. In addition, two reviews and one
case-control study reported decrease of PCa due
to tomatoes intake (37, 43, 52).
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Table 1: The association between physical activity and prostate cancer

Reviews and meta-analyses
Study setting (reference)

Main result RR or (95%CI)

Summary

21 studies, 2004-2013
@7

Six case-control studies and one
cohort study 1999-2009
28)

Four cohortt studies, 2005-2009
(29)

19 cohort studies and 24 case-
control studies 1998-2009
(30)

Epidemiological studies

Study setting

A prospective study (8,221 subjects),
follow-up of 24.8 yr, 1052 cases among
them 349 with advanced disease (31)

286 patients. PA was assessed
using Physical Activity Scale for
Elderly (PASE) questionnaire

(32)

Hospital-based case-control study (140
cases, 280 controls). Interview-
administered questionnaire (33)
Population-based  case-control ~ study
(1,436 cases and 1,349 controls, aged
39-70 yr) (34)

Population-based case-control
study (449 cases, 533 controls).
Interview-administered — question-
naire

35

A case-control study (35 cases, 70
controls). Interview -the Interna-
tional Physical Activity Question-
naire

(36)

Decreased risk

Leisure time PA (moderate/vigorous)

OR:0.84 (0.73-0.97)-0.35 (0.17-0.75) for advanced cancer
Occupational PA (high activity levels) OR:0.55 (0.32-0.95)-0.90 (0.66-
1.22)

Increased risk

Recreational + household activity

249.7MET-h per day OR:1.44 (1.08-1.92)

Recreational OR=1.56 (1.16-2.10)

Houschold 2203 MET-h per week yearly OR:1.36 (1.05-1.76)
Inereased risk among workers with low levels of PA
OR:1.33 (1.62-1.74)-2.13 (1.29-3.52)

Decreased ORs among men with high levels »s low levels of
occupational PA

OR:0.44 (0.26-0.76)-0.78 (0.59-1.04)

Decreased risk for fatal PCa

OR:0.59 (0.35-1.01) for =230 MET-hours/weck vigorous rec-
reational PA

Decreased risk for aggressive cancer OR:0.69 (0.52-0.92) for >35
MET-hours/week recreational PA. Two cohort studies found
no significant association.

Decreased risk

Total PA: OR:0.90 (0.84-0.95). The reduction was found only for men
between 20 and 45 yr of age and between 45 and 65 yr of age.
Occupational PA: OR=0.81 (0.73-0.91)

Recreational PA: OR:0.95(0.89-1.00)

Physical activity measurement
Regular recreational physical activity since the age 20 yr and
current occupational.

Physically active 25 physically inactive.

Questions on the frequency and duration of household, occu-
pational and recreational activity

Active lifestyle (>40 min daily for exercise and sports) #s sed-
entary lifestyle

Occupational activity

Manual handling of burdens (lifting and carrying of heavy
burdens every day)

Sedentary work

Lifetime occupational activity, job title and work description in
MET score.

Recreational activity during adult life

Vigorous/moderate activity
no s yes

Evidence that PA of modetate/vigorous intensity
may reduce PCa risk directly or indirectly. Several
studies have demonstrated dectrease of PCa cells or
their inhibition, increase apoptosis of cancer cells,
suppression of metastasis and delay of tumor for-
mation due to PA.

High levels of occupational PA were preventive
against PCa, and sedentary job is a significant risk
for PCa (case-control study). PCa was dectreased by
a 16% for the highest 25 the lowest quartile of total
PA cohort study.

Underline an importance of several behavioral risk
factors in the prevention of lethal PCa.

Occupational and long-lasting recreational PA may
decrease the risk of PCa.

Main result RR or OR (95% CI), adjustment factors
Non-significant lower risk of advanced cancer OR:0.67
(0.42-1.07).

A lack association between PA and overall or localized
PCa;

multivatiable adjusted

Decreased risks

Total OR:0.146 (0.037-0.577) and OR:0.07 (0.006-0.764)
for high-grade cancer among patients with increased PA;
multivatiable adjusted

Decreased risk, OR:0.28 (0.13-0.58), P<0.05;

age, marital status, residence, smoking, family histo-
ry of PCa, red meat, fats and fruits intake

No effect

The top tertile o5 the bottom tertile OR:1.01 (0.84-
1.22)

OR:1.00 (referent)/ OR:0.96 (0.78-1.25)
OR:0.78 (0.62-0.99)/ OR:1.02 (0.81-1.29)
Pirena=0.94;/ unjusted models

Decreased risk,

For at least 75% of work year spent in very active jobs
OR:0.54 (0.31-0.95)

<75% of work year spent in sedentary jobs OR=0.64
(0.41-0.98)

Non-significant decrease for category often: 0.90 (0.67-
1.20);

smoking, alcohol consumption, farming

Increased risk, non-significant

Lifetime activity OR:1.4 (0.37-5.6)

Ages: 18-24, OR:1.8(0.7-4.8),/ 25-34, OR:1.1(0.4-3.0),/
35-44, OR:3.0(0.8-11.1),/ 45-54, OR:2.9(0.8-10.8),

255 years, OR:1.0(0.4-2.7);

Age, family history, education level, BMI, total energy
intake per day

Abbreviations: OR — odds ratios, RR — relative risk, CI — confidence interval, PA — physical activity; PCa — prostate cancer.
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Discussion

Physical activity and prostate cancer

The reported evidence confirms that there is a
direct association between PA and PCa risk what
agrees with a summary evidence of 18 human
and animal studies showing etiologic role of exer-
cise and PA in prostate carcinogenesis (35). Our
findings commonly indicated for strong conflict-
ing epidemiological findings owing to large geo-
graphical difference in incidence rates of PCa and
in genetic susceptibility, stage of cancer or a
group of all PCa commonly considered (aggres-
sive, benign prostatic and hyperplasia, BPH), het-
erogeneity in the PA intervention and methodol-
ogy, and lifestyles. There exist several hypothe-
sized molecular mechanisms by which PA can
directly or indirectly (through protection against
overweight/obesity and weight gain) affects all
stages of PCa carcinogenesis (8, 14, 15, 18, 53,
54). The authors have underlined that PCa is a
hormonally mediated cancer and inflammation
plays a key role in the disease development.
Biological direct effects of PA include alteration
of the sex hormones and metabolic hormones
concentrations; decrease of insulin-like growth
factor, IGF-1; increase of concentration of sex
hormone binding globulin (SHBG) and insulin-
like growth factor—binding protein-3 (IGFBP-3);
reduction of proinflaimmatory factors levels;
modulation of adipokines; reduction of systemic
inflammation; improvement of immune function
through influence on a number of components
of immune function; reinforcement of DNA re-
pair; improvement of antioxidant enzyme system
ability; increase of p53 protein concentration;
decrease of the IGF-1/IGFBP-1 ratio; suppres-
sion of 5-a reductase activity, and activation of
protein kinases activities (8, 54, 55). Thus, PA
may participate in the cell control and apoptosis,
e.g. through effect on the reactive oxygen species
(ROS) production, known as important messen-
gers in intracellular signaling cascades. An im-
portant role of regular moderate PA is adaptation
to oxidative stress (56, 57) that is commonly con-
sidered as initiator of cancer by DNA damage
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(58-59), however, acute PA may increase the tu-
mor development (56, 60).

It is worth mentioning an experimental study
evaluating the effect of serum from the men bi-
cycling at increasing intensity by 60 min on PCa
cell culture to grow. Exercise serum exhibited a
31% inhibition of cancer cell line (LNCaP)
growth, due to increased levels of IGFBP-1 and a
reduced concentration of epidermal growth fac-
tor (EGF) (60). Other studies also reported that
serum from men engaged in physical exercise had
the ability to decrease the PCa cells growth (54,
61). A systematic review of clinical trials on the
effect of exercise on biomarkers showed that ex-
ercise modulates various cancer pathways, espe-
cially has a large effect on reinforcement of im-
mune system function (55). As inflammation
plays a key role in PCa development, this proper-
ty of exercise may be clinically important.
Research on etiologic role of PA in PCa is very
difficult due to the complex nature of PA interac-
tions as well as complexity of the carcinogenesis
process. The effect of PA on PCa may depend
on the cancer subtype and stage, frequency, dura-
tion, intensity, and dose of PA and also other
modifiable lifestyle factors. Moreover, the main
problem of observational retrospective studies is
the recall bias owing to reliability of data linked
with the distant past, different methodology of
studies, and often-small sample size, and inade-
quate control for confounders. These factors
may, in part, explain the observed lack of con-
sistency between findings and to cause that com-
parison of the findings across the examined stud-
ies is difficult.

The Second Expert Panel (6) recommends for
adults engage in moderate-intensity PA at least
150 min per week or engage in at least 75 min per
week vigorous intensity activity or combination
of moderate and vigorous-intensity activities to
sustain the equivalent of energy expenditure
needed to protect against cancer adding that all
types of PA are probable protective.

Nutrition and prostate cancer

Our study provides updated evidence supporting
the previous findings that high intake of meats
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and animal fats increases prostate carcinogenesis,
and the preventive role of vegetables and fruits in
this respect.

The possible biological mechanisms for the asso-
ciation between processed meat, red meat, satu-
rated fats and carcinogenesis include mainly gen-
eration of chemical carcinogens (6). These car-
cinogens were found to be extremely mutagenic
and may affect all stages of carcinogenesis. They
can damage DNA, stimulate formation of IGF-1,
increase levels of endogenous hormones. DNA
hypomethylation was reported as possible linked
with PCa development and progression (62). Fur-
ther, red meat — a rich source of heme iron is in-
volved in generation of hydroxyl radicals, thus
may indirectly affect cytoplasmic and nuclear sig-
nal transduction pathways (6, 12, 62). According
to the Second Expert Panel judgments (6), the
level of scientific evidence that processed meat
increases PCa risk is Zmited-suggestive.

Vegetables and fruits as rich in microelements,
carotenoids, vitamins, flavonoids, and fibers may
play a key role in prevention of malignancy acting
as effective antioxidants, exhibiting abilities to
bind and to dilute carcinogens, and to alter hor-
mone metabolism due to having sterols (12, 20,
63). Previous epidemiological, experimental and
clinical research has consistently demonstrated
strong evidence that vitamins A, D, and E, sele-
nium may have high cancer preventive capacities
(22, 63-65). Metabolites of vitamin A may reverse
hyperplasia, regulate the growth and apoptosis of
normal and malignant cells, increase levels of
other antioxidants, and regulate DNA transcrip-
tion (60). Although, no significant protective ef-
fects of provitamin A, such as lycopene, lutein,
zeaxanthin were reported (20). Further, vitamins
A and E were found to increase PCa risk at high
doses (38). The Second Expert Panel (6) con-
cluded that there is /lmited-suggestive evidence that
vitamin E protects against PCa. Further, lycopene
is considered as the most efficient antioxidant
present in cell. The preventive effect of tomato
consumption on PCa risk was found for a diet,
which was rich in tomato products and lycopene
(67). Unfortunately, there are conflicting findings
on the lycopene-PCa risk relationship and the
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preventive role of tomato products (29). Lately
evidence that selenium lowers PCa risk has been
downgraded from strong to /mited-suggestive, and
the associations between PCa and foods contain-
ing lycopene and selenium supplements were de-
termined as “no conclusion possible” (11). 1t is worth
noting that a recent evidence from a review of 44
controlled trials of dietary, nutrition and PA in-
tervention supports the role of diet low in fat and
high in broccoli, soy, selenium, lycopene, green
tea in reduction of PCa progression and mortality
(68).

Conclusion

There is no definitive finding supporting the pre-
ventive role of PA against all PCa, however, there
is some evidence that regular vigorous PA may
reduce the risk of aggressive PCa. Similarly, it was
impossible to identify the specific dietary patterns
having the potential to prevent against the tumor.
The methodological quality of epidemiological
studies was different, studies varied in design and
some of them have a high risk of bias. Variations
in the mode, intensity, duration, and frequency of
activity, composition of diet, way of meals prepa-
ration, caloric intake, different ranges during cat-
egorization of variables and a lack separate analy-
sis for tumor grade and stage, might have effects
on evidence.

Owing to the hypothesized biological mecha-
nisms for association between PA and PCa, high
intensity of activity was found to decrease testos-
terone levels and to alter the sex hormone recep-
tors. In turn, regular moderate PA may enhance
antioxidant systems, thereby prevent against oxi-
dative stress. A diet poor in fat, red and pro-
cessed meat, refined carbohydrates and reach in
vegetables and fruits may decrease of insulin and
IGF-1 levels.

The previous and current studies have underlined
an important attribute of lifestyle patterns, like
their modification. Obviously, many questions
remain open and much research is still needed in
this area. Future research should focus on meth-
odological quality of epidemiological studies, like
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specific types of PCa, more precision in assess-
ment of PA components, quantitatively assess-
ment of nutrient intake, large samples size, and
on effect of modification by confounding factors
including ethnicity. There is a need for clinical
trials, which will estimate intermediate bi-
omarkers as predictors of outcome to give more
inside on mechanisms by which lifestyle compo-
nents may exert effects on the PCa development.
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