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Introduction
According to the World Health Organization (WHO) 

in Tonon, et al. [1] state prostate cancer is the most 
common neoplasia in men, and the second most com-
mon cause of death in Brazil.

Alongside the increase in life expectancy, as the indi-
vidual approaches old age prostate cancer is becoming 
part of an increasingly broader scope. This cancer may 
be detected and treated during its early stages. The 
prostate is a small gland located in the male pelvis. It 
weighs approximately 20 g, and it is responsible for pro-
ducing 40% to 50% of the fluids which constitute the se-
men/sperm, providing it with protection and nutrients 
essential to the survival of sperm cells.

As men age, the size of the prostate increases, slow-
ing down the urinary stream and making it harder for 
the body to expel urine.

According to the INCA (Instituto Nacional de Câncer) 
[2], Brazilian National Cancer Institute, 13,129 deaths in 
Brazil in 2011 were caused by prostate cancer, and an 
estimated 68,800 cases were likely to emerge in 2014.

Its etiopathogenesis is unknown, but there are many 
factors which are likely to cause its onset: Aging, hor-
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Abstract
Prostate cancer is characterized by overgrowth of the pros-
tate, followed by a decrease in the size and intensity of the 
urinary stream, which is considered a major cause of illness 
and death worldwide. Its etiology is unknown. Physical ac-
tivity and sedentary lifestyles are placed in the context of 
lifestyle, which has been studied since researchers realized 
that changes in one’s living influence the onset of prostate 
cancer. Checking if the exercise influence in prostatic neo-
plasia, whether there is a relationship, association and the 
possible mechanisms involved in the process. In 54 studies 
which investigated the possible associations between exer-
cise and prostate cancer, 26 showed reverse association, 
23 state that there is no association and 5 as increased risk. 
For patients undergoing traditional treatments, especially 
those deprived of androgens, aerobic, resistance, or com-
bined exercises have been proven beneficial. The recom-
mendations are to perform at least 20 to 30 minutes of aero-
bic exercise with moderate to vigorous intensity 5 times per 
week, as well as 2 times per week of resistance exercises 
for the major muscle groups, with moderate intensity. There 
is no confirmation of the association between exercise and 
prostate cancer but there is definitive evidence for this re-
lationship. However, further studies controlling the different 
types of physical activities, their volumes and intensities, 
and which mechanisms are involved, should be conducted.
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monal metabolism, lifestyle, sexual history, exposure 
to pathogens and to industrial chemical substances, ur-
banization, dietary habits, and heredity.

With the knowledge that changes in lifestyle influ-
ence the etiology of the prostatic neoplasia, and that 
exercising (or lack thereof) do constitute a lifestyle, it is 
likely that physical activity may somehow interfere with 
prostate cancer.

The general aim of this study is to find out if physical 
exercise influences prostate cancer, specifically aiming 
to show any relationships between exercise and cancer, 
and which mechanisms lead to this association.

Bibliographic Search
The bibliographic search was performed electroni-

cally using PubMed database as search engine; Novem-
ber 2014 was the cutoff point. The following key words: 
“Prostate cancer, Lifestyle, Exercise, Physical activity 
and Aging”, were used. Instituto Nacional de Câncer 
(INCA) site also were consulted.

Results

Lifestyle
Schreiber [3] emphasizes the issue regarding lifestyle 

changes as a way to curb several types of cancer.

Studies by Frattaroli, et al. [4] show that when pa-
tients in the early stages of prostate cancer change their 
lifestyle, they may partially avoid or delay conventional 
treatment for at least 2 years (the time taken to conduct 
the studies).

Daubenmier, et al. [5] show that there are improve-
ments in quality of life, physical and mental capabilities, 
and sexual functioning compared to the control group. 
Ornish, et al. [6] show changes in lifestyle, including tak-
ing 30-minute walks six times a week in moderate in-
tensity, reduces tumoral markings and Prostatic-Specific 
Antigen (PSA) by 4% among the group who engaged in 
lifestyle changes, and by 8% in the control group. The 
researchers have also proved the growth of cancer cells 
in the prostate was inhibited eight times more than the 
control group. As such, lifestyle changes may positively 
affect low degree prostate cancer during early diagnosis.

In another study, Ornish, et al. [7] demonstrated the 
lack of telomeres, prognostic markers of aging, diseas-
es and premature morbidity, in humans. Within three 
months of lifestyle changes, the researchers detected 
an increase in telomerase in immune system cells.

Several authors, including Antonelli, et al. [8], Khan, 
et al. [9], Sheffield, et al. [10], Culos-Reed, et al. [11], 
Schneider, et al. [12] and Blanchard, et al. [13] also de-
scribe the importance of lifestyle changes in improving 
the quality of life of prostate cancer patients.

Khan, et al. [9] show the occurrence of prostate can-
cer varies greatly depending on geographical region. 

Asia, for instance, has low mortality rates and low risks 
of death when dealing with this cancer, but the risk is 
higher in Europe and the United States. Occurrence in-
creases significantly in immigrant groups from Asia to 
North America, indicating that it is very likely that cer-
tain lifestyles might be the main causes of death in pros-
tate cancer cases.

Exercise and the likely associations with prostate 
cancer

Certain studies analyze the existence of an associa-
tion between exercise and prevention, delay, progres-
sion, and decrease of prostate cancer risks.

Antonelli, et al. [8] in an extensive review, state no 
research established the effects of exercise as a type 
of monotherapy for prostate cancer, but the molecu-
lar mechanisms responsible for the likely association 
between exercise and prostate cancer are being clari-
fied. It will then allow researchers to find out the role of 
exercise in preventing or delaying the pathogenesis of 
prostate cancer.

In 32 reviewed studies which set out to investigate 
the association between prostate cancer and exercise, 
more than half of these studies show a reverse relation, 
while others showed association, including four which 
show an increase in risk.

In accordance with that, Johnsen, et al. [14] re-
searched 22 cohort studies. Of these studies, nine 
showed a reverse association between the risk of pros-
tate cancer and physical aptitude, occupational activity, 
and leisurely activities. One study showed increased risk 
in university athletes, while 12 showed no associations.

A new reported from a group of specialists of the 
World Cancer Research Foundation and the American 
Institute for Cancer Research cited by Antonelli, et al. 

[8] concluded that evidence supporting the association 
between exercise and prostate cancer is restricted to 
formal judging. In this same article, another major pro-
spective cohort study involving 23 locations in 10 Euro-
pean countries was conducted to verify dietary habits, 
lifestyle, and occurrence of different types of cancer, 
revealing a tendency towards reduced risk of prostate 
cancer in individuals engaging in higher physical occu-
pation. One particularly notable tendency was towards 
advanced prostate cancer, and researchers concluded 
that high-level occupational physical activities may de-
lay its progression.

Moore, et al. [15] demonstrated a seven-year study 
involving 160,006 white male and 3,671 black males be-
tween the ages of 51 and 72, using a questionnaire, with 
physical activity levels between 15 and 18 years, 19 and 
29 years, 35 and 39 years, and the last 10 years. It was 
categorized by intensity (low, moderate, vigorous, and 
total) in relation to the risk of prostate cancer. It was 
found 9,624 white male and 371 black male developed 
prostate cancer. Among the white male, there was no 
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Heitkamp, et al. [19] agree that intense physical ac-
tivity may contribute to preventing prostate carcinoma.

Crespo, et al. [20] however, concluded that exercise 
did not prevent prostate cancer mortality in a group of 
Puerto Ricans.

Certain studies on mice also tried to show likely as-
sociations between physical activity and prostatic carci-
noma.

Esser, et al. [21] divided 29 mice with prostate cancer 
cells between two groups: Exercise group with 20 mice, 
and control group with nine mice. The exercise group 
engaged in a voluntary method of wheel running, while 
the control group performed no exercise. Research was 
conducted in 10 weeks. Among the running group, there 
was another division: Those who ran five km a day, and 
those who ran less than five km. It was revealed that 
within those who ran five km a day, 83% of the dorso-
lateral prostates had been classified as within normal 
levels compared to 43% within the group that never 
ran beyond five km. Furthermore, an association was 
drawn between average running distance and patholog-
ical progression. Forty-three percent of the dorsolateral 
prostates of mice which ran less than five km a day were 
classified as pathologically advanced compared to the 
mice which ran more, whose incidence of advanced pa-
thology was null.

Antonelli, et al. [8] in a similar study involving mice 
in voluntary wheels, in which, a week before, subcuta-
neous, prostatic, tumor cells were applied, prompted 
researchers to discover that running decreases mitosis 
while increasing apoptosis on an underlying mechanistic 
basis from this growth inhibition.

Researchers further mention a study involving mice 
that revealed opposite results, which is to say, mice, 
which exercised, displayed an increase of prostate can-
cer xenograph growth and decreased rate of survival 
in the histological exam, 70% less necrosis, and 154% 
increase of microvascular density in endothelial struc-
tures.

Possible mechanisms
Several studies suggest the possible mechanisms 

which could likely justify how exercise influences possi-
ble protective associations against prostate cancer.

Ornish, et al. [7] as previously stated, show an in-
crease in telomerase activity in human immune system 
cells within three months of lifestyle changes. In his re-
view, Jaeger [22] suggests exercise may adjust the levels 
of blood testosterone and immune function and reduce 
serum levels of the free fraction of IGF-1.

Acute aerobic exercise increases testosterone lev-
els, but the basal, total, and free levels are much low-
er among those who have been trained. Following the 
exercise is an increase in the levels of interleukina-1, 

association with physical activity, regardless of the pe-
riod between ages and the intensity of exercises. Black 
male, however, who engaged in four hours of moder-
ate to vigorous physical activity or more, displayed 35% 
less risks compared to the group which rarely exercised, 
during period of 19 to 29 years of age.

For frequent physical activity between the ages of 35 
and 39, there was a tendency towards reduced risk. In 
this study, volumes and intensities were divided as fol-
lows: Three METs for low physical activity, five METs for 
moderate. Regularity included: Never, rarely, one hour 
a week, one to three hours a week, four to seven hours 
a week, and more than seven hours a week.

They further reference three studies involving black 
male with prostate cancer, one of which associated lack 
of physical activity with three times the likelihood of the 
onset of prostate cancer. The other two studies were 
void.

Richman, et al. [16] mention a decrease of 61% of the 
mortality risk of metastatic prostate cancer regarding 
three times a week or more of physical activity, com-
pared to the group engaged in less than an hour a week. 
Physical activity (walking) was considered vigorous 
for six METs or more. Men who walked three hours a 
week or more in a more intense pace had a statistically 
significant reduction rate of 57% towards the tumor’s 
progression compared to the less-than-three-hour/low-
er-intensity-pace group. They further mention a study 
which verified that a quick-paced walk (classified as 
“Somewhat Hard” in the Borg Rating of Perceived Exer-
tion Scale) may affect the progression of prostate cancer 
in elderly male, reducing inflammation. The researchers 
have also reported reduced levels of interleukina-6, 
which may cause the proliferation of cancer cells, as well 
as inhibiting their apoptosis in in vitro prostate. High lev-
els of interleukina-6 involve prostate cancer may lead to 
an increased risk of death by 73%.

Shahar, et al. [17] consider physical activity a glob-
al health issue, and that the risk of prostate cancer de-
creased between those who engaged in arduous phys-
ical activity in early adulthood. In yet another study, 
researchers state the risk of metastatic prostate cancer 
is reduced when associated with higher levels of physi-
cal activity. They mention four mechanisms that could 
explain the influence of physical activity in reducing the 
risk of prostate cancer: Active male may have lower lev-
els of androgynous hormones, less body fat, improved 
immune function, and superior antioxidant defense 
mechanism.

Liu, et al. [18] concluded that there appears to be a 
reverse association between physical activity and the 
risk of prostate cancer, as well as countless other health 
benefits, in a meta-analysis involving 88,204 cases, 16 
eligible cohort studies, and 24 eligible control case stud-
ies.

https://doi.org/10.23937/2469-5718/1510091


ISSN: 2469-5718DOI: 10.23937/2469-5718/1510091

• Page 4 of 7 •Perilhão et al. Int J Sports Exerc Med 2018, 4:091

defense mechanisms.

Galvão, et al. [24] report the increase of GH and 
DHEA may be partly the basis for the improvement ob-
served in resistance training.

Heitkamp, et al. [19] noted physically active men 
have lower concentrations of testosterone and calcium 
in blood, with higher concentrations of vitamin D and 
parathormones, as well improved antioxidant activities.

Khan, et al. [9] describe that obesity is yet another 
factor that may increase the risks of the causes of pros-
tate cancer. Schlienger, et al. [25] further report that 
obesity is a public health issue with increased likelihood 
of developing cancer. The causal mechanisms remain 
unexplained, but epidemiological data and data collect-
ed from model animals have provided certain evidence 
of hormonal changes associated with obesity.

Both studies mention hyperinsulinemia and diabe-
tes, high levels (or bioavailability) of IGF-1, increase in 
leptin levels, low levels adiponectin, high levels of es-
tradiol serum (stemming from a reinforcement of aro-
matase), and all of which are related to the mitogenetic 
and anti-apoptotic effects of cancer cells. Obesity was 
associated with a worsened tumor prognosis and de-
creased likelihood of survival, particularly among black 
male.

PSA and Exercise
Ornish, et al. [6] show a decrease of 4% in the PSA for 

the lifestyle-changing group and an increase of 6% in the 
control group.

Moore, et al. [15] concluded sedentary individuals 
who do not engage in physical activities frequently high-
er concentrations of PSA compared to their more active 
peers.

Jaeger [22] states the effects of physical activities on 
PSA are controversial, but also no changes have been 
reported in most studies. Among the studies reporting 
changes, one demonstrates three times increase in base 
values among older men, and it is worth noting that the 
base PSA was already higher than normal. Another clas-
sic case study was conducted focused on a 70-year-old 
prostate cancer patient with 3244 ng.mL PSA. The study 
demonstrate the PSA decreased to 5.6 ng.mL, upon the 
patient’s interruption of his cycling exercises.

The benefits of physical exercise for patients in 
treatment

Galvão, et al. [26], Lee, et al. [27], Antonelli, et al. 
[8], Culos-Reed, et al. [11], Hansen, et al. [28], Alt, et al. 
[29] mentioned one third of men with prostate cancer 
develop the disease recurrently or metastatically, mak-
ing it necessary to introduce other forms of treatment. 
It includes androgen deprivation therapy, orchiectomy, 
radiotherapy, and chemotherapy. Androgen deprivation 

interferons, and tumor necrosis factor alpha, increasing 
T lymphocyte activity, which in active individuals, will re-
main active as well, even when the individual is resting.

Johnsen, et al. [14] describe that certain observation-
al studies were conducted, which provide some initial 
hints regarding molecular mechanisms with which phys-
ical exercise may inhibit prostate cell cancer. It chang-
es the IGF axis increasing the cellular levels of the P53 
protein, a DNA regulator which protects the genome 
through activating the cellular cycle detention, cause 
DNA to be repaired and/or undergo apoptosis when 
there are mutations in the genome.

Blood tests on men who participated in a regular 
exercise program for more than 10 years had lower 
IGF-1 and higher IGFBP-1, compared to sedentary men, 
and both changes increased the P53 content, reduced 
growth rate, and instigated apoptosis in cancer cells in 
vitro significantly higher degrees than in sedentary in-
dividuals. Moreover, through modulation of metabol-
ic pathways, there are yet other molecular pathways, 
such as the antioxidant pathway and immune function, 
through which exercise could affect the biology of pros-
tate cancer, and even improve energy balance. Chronic 
exercise has been shown as a possible modifier of the 
oxidant protection endogenous paths, decreasing lipid 
peroxidation and reactive species oxygen. One subja-
cent mechanism related to age responsible for the in-
crease in the likelihood of prostate cancer is oxidative 
damage, including superoxide, hydrogen peroxide, and 
radical hidroxila.

Moore, et al. [15] describe the likely biological rea-
sons why physical activity may decrease the risk of pros-
tate cancer in black male. They are 20 times more like-
ly to develop prostate cancer, have higher numbers of 
genes associated with inflammation and immune func-
tion, higher levels of testosterone during early adult-
hood, and lower resting energy expenditure (between 
50 and 160 Kcal), compared to white men.

Galvão, et al. [23] showed a difference in reactive 
protein C between the groups after a 12-week program, 
which combined aerobic, and resistance exercises. The 
protein had lower values for the exercise group, and in-
creased values for the control group. This is an import-
ant discovery, as low-degree systemic inflammation in 
elderly individuals is associated with several chronic 
conditions, as well as worsened physical performance 
and increased likelihood of mortality.

Richman, et al. [16] inform vigorous physical activity 
is associated with lower insulin, IGF-1, and inflammatory 
cytokines.

Shahar, et al. [17] also mentioned four mechanisms, 
which could explain the influence of physical activity in 
decreasing the risk of prostate cancer: Changes in en-
dogenous hormones (lowered), decrease in body fat, 
improved immune function, and improved antioxidant 

https://doi.org/10.23937/2469-5718/1510091


ISSN: 2469-5718DOI: 10.23937/2469-5718/1510091

• Page 5 of 7 •Perilhão et al. Int J Sports Exerc Med 2018, 4:091

Antonelli, et al. [8] mention a cohort study with pa-
tient’s subject to surgical resection of malignant liver tu-
mors. In this study, researchers found improvements in 
cardiorespiratory aptitude (increase of 2.4 ml/kg/min) 
seen in four to six weeks of training prior to surgery. 
Various studies investigating patients who underwent 
heart surgery showed the complications are inversely 
associated with physical aptitude.

Like these surgeries, could it be possible that im-
proving prostate cancer patients’ physical capabilities, 
acutely, prior to prostatectomy, may have similar ben-
efits, reducing the incidence of complications following 
surgery?

Aside from likely reducing short-term morbidity and 
mortality stemming from surgery, physical exercise may 
lead to a long-term significant decrease in morbidity 
seen in prostatectomy and erectile dysfunction, with an 
estimated frequency fluctuating between 14% and 80%. 
Physical exercise may theoretically improve erectile dys-
function following prostatectomy, due to modulating 
molecular mechanisms of nitric oxide, responsible for 
erection.

Exercise also influences myocardial function and the 
peripheral flow in the vascular endothelium, helping to 
reduce the risk of heart diseases.

Recommendations
Antonelli, et al. [8] conclude that these studies did 

not distinguish the type of physical activity, and few val-
idated exposures with objective aptitude measures. De-
spite the fact that there is epidemiological data which 
provide promising evidence of exercise as capable of 
decreasing the risk of prostate cancer, studies which 
quantify physical activity with objective measures for 
determining a better, more truthful, associations must 
be conducted.

According to the American Cancer Society and the 
Prostate Cancer Foundation (as mentioned by Blanchard, 
et al. [13], Ottenbacher, et al. [32] and Antonelli, et al. 
[8]) recommend all prostate cancer patients must adopt 
a regular exercise program consisting of at least 20 min-
utes of aerobic exercises, and at least 5 days a week of 
moderately intense exercises. The program should also 
consist of resistance exercises two to three times a week 
for the key muscle groups, with two to three series of 8 
to 12 repetitions of moderate intensity.

Galvão, et al. [26] further suggest 30 minutes of vig-
orous physical activities five times a week.

Schneider, et al. [12] recommend the volume and in-
tensity should be set according to the patient’s health 
state or physical aptitude. For sedentary patients with 
health or aptitude problems, exercises should begin 
with 30% to 45% of the Reserve Heart Rate, with one 
to three series of eight to twelve progressive and slow-
paced repetitions. For active, moderately healthy pa-

therapy and orchiectomy aim to interrupt the produc-
tion of testosterone, drastically slowing down the tu-
mor’s progression. However, a series of collateral effects 
result from these interventions, such as reduced libido, 
osteoporosis, weakened physical capabilities, faster on-
set of fatigue, loss of lean body mass, increased body fat 
and deteriorated psychosocial and cognitive functions. 
Recent data associated with deprivation therapy show 
an increased risk of cardiovascular morbidity and mor-
tality, including new cases of diabetes, coronary artery 
disease, and sudden cardiac death.

Alt, et al. [29] studied the effects of resistance train-
ing twice a week for 20 weeks.

Hansen, et al. [28] assessed the effects of eccentric 
training using a cycle ergometer more often, with ses-
sions between 12 and 15 minutes classified as “Some-
what Hard” in the Borg rating of perceived exertion (RPE) 
Scale. The researchers checked for benefits for prostate 
cancer patients undergoing androgen deprivation ther-
apy and for those who did not receive such treatment.

Antonelli, et al. [8] showed two studies which set out 
to verify the effects of exercise in controlling symptoms, 
quality of life and physical aptitude in men receiving an-
drogen deprivation treatment. In the first study, the ac-
tive group engaged in resistance exercises three times a 
week. The second one was random, involving men with 
prostate cancer undergoing radiotherapy. The active 
group exercised for a period of six months.

Truong, et al. [30] presented a study in which pros-
tate cancer patients undergoing radiotherapy walked 
with moderate intensity (60 to 70% heart rate) three 
times a week for 12 weeks.

Schneider, et al. [12] studied patients with prostate 
and mammary cancer under treatment (chemotherapy, 
radiotherapy, or surgery) engaging in exercises for six 
months, two to three times a week, with 10 to 15 min-
utes of warmup, 40 minutes of aerobic and resistance 
exercises involving two to three series of 8 to 12 repeti-
tions, plus a 10-minute cool down.

The results of the aforementioned studies revealed 
improvements in collateral effects and morbidities 
caused by androgen deprivation, chemotherapy, ra-
diotherapy, or surgery. There were also improvements 
in general quality of life, decrease in the incidence of 
fatigue, increase in strength and muscular resistance, 
improvements in cardiovascular conditioning, increased 
GH and DHEA, increase in lean body mass, reduce of tri-
glycerides and body fat, better functional performance, 
balance, and, finally, improvements in depression.

Physical exercise before surgery
Lacza, et al. [31] show high levels of VO2max can 

prevent cardiovascular diseases, cancer, and neurode-
generative diseases, improving functioning in several 
organs.
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tients with average aptitude, begin with 50% to 60% of 
the Reserve Heart rate, with four to five series of eight 
to twelve progressive, slow-paced repetitions.

Despite recommendations from the aforementioned 
institutes, Blanchard, et al. [13] show that only 29.6% to 
47.3% of men with prostate cancer engage in physical 
activities.

Culos-Reed, et al. [11], and Liu, et al. [18] state pa-
tients with prostate cancer must be encouraged by doc-
tors to exercise. Keogh, et al. [33] show that 70% of pa-
tients were not advised about exercise and its benefits 
during treatment.

According to Baumann, et al. [34] when prescribing 
exercises for prostate cancer patients, it is necessary to 
consider aspects related to the disease, such as urinary 
incontinence, erectile dysfunction, fatigue, fear, and de-
pression, which may lead the patient into isolation from 
social life.

Conclusion
Quality of life has been improved in patients with 

prostate cancer when one’s lifestyle undergoes chang-
es, including when subject to deprivation therapy, che-
motherapy, and radiotherapy. However, despite prom-
ising epidemiological evidence strongly suggesting that 
moderate to vigorous exercise may impact prevention, 
delaying, and progression of prostate cancer, no associ-
ations between exercise and prostate cancer have been 
confirmed. Further studies quantifying and controlling 
exercise and the mechanisms involved in the process 
are required.
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