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Background. Scientific evidence has shown that an increase in regular physical activity is associated with a de-
crease in the development of many types of cancer. Potential mechanisms that link physical activity to reduced
cancer risk include a decrease in systemic inflammation, hyperinsulinemia, insulin-like growth factor (IGF-), sex hor-
mones, pro-inflammatory leptin and other obesity-related cytokines, and a significant increase in anti-inflammatory
adiponectin levels. In addition, physical activity improves immune function and the composition and diversity of the
gastrointestinal microbiota. Moderate physical activity is important for cancer protection, but the most significant
changes in the inflammatory profile are conferred by physical activity performed at higher intensities. Thus, there is a
need for further investigation into the type, intensity, and duration of physical activity for the prevention of some types
of cancer and the development of effective recommendations.

Conclusions. There is a strong evidence that physical activity of moderate to vigorous intensity protects against

colon and breast cancer, and probably against cancer at all other sites.
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Introduction

The International Agency for Research on Cancer
(IARC) reports that 25% of all cancer cases world-
wide are caused by obesity and sedentary life-
style.! The idea of physical activity as a means for
preventing cancer was explored in the early 20th
century when two studies were published, sug-
gesting that cancer mortality rates among men
with different occupations decreased with in-
creased physical activity.>® To date, the evidence
of “skeletal muscle contraction effect” has been
growing rapidly and many epidemiological stud-
ies on the role of physical activity in cancer pre-
vention have been published. There is substantial
evidence that greater physical activity levels lower
the risk of some cancers.* Recently gathered data
has revealed that physical activity is associated
with various site-specific cancers in many ways.
In addition, preclinical studies have indicated that
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physical activity may similarly reduce cancer pro-
gression, its recurrence and have an impact on bet-
ter survival rates.> Furthermore, physical activity
could decrease breast and colon cancer incidence
with a linear dose response relationship indicating
that engaging in longer exercise sessions or exer-
cising with higher intensity will result in a greater
reduction in cancer risk.*®* New evidence suggests
that a comparable association might exist for other
cancers, but for a complete evaluation, physical
activity type, frequency and intensity need to be
assessed.” The World Cancer Research Fund’s first
report indicated a strong positive impact of physi-
cal activity in relation to colorectal and breast can-
cer.8® Furthermore, cancer risk varies within popu-
lation subgroups such as a gender, age, race, body
mass index, and physical fitness level. The effects
of physical activity on the cancer outcome are as-
sociated with these parameters.® The recent data of
a multi-ethnic cohort study confirm the association
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The intensity of physical activity

Sedentary behaviour Low Moderate High
< 1.5 METS < 3 METS IAproximatelly 3 - 6 METS Aproximatelly > é METS
e.g.sitting e.g. slow walking e.g. brisk walking e.g. running

METs = metabolic equivalents

FIGURE 1. Levels of physical activity intensity (sedentary behaviour, low, moderate and vigorous or high).

between physical activity and colon cancer risk,
and suggest possible differences in the strength of
the association according to race and ethnicity.!°

Several acceptable biological mechanisms link
physical activity with cancer, including changes in
sex hormones and other metabolic hormones, de-
crease in body fat mass and central adiposity, an
increase in anti-inflammatory myokines exerting
anti-inflammatory responses, and recently demon-
strated changes in microbiota composition.

This review provides data from epidemiological
studies on physical activity and cancer, and biolog-
ical mechanisms to explain the association between
physical activity and cancer.

Physical activity
recommendations

Significant decreases in cancer incidence have
been demonstrated among those who take into ac-
count the physical activity recommendations.!! The
American Cancer Society (ACS), the World Cancer
Research Fund/American Institute for Cancer
Research (WCRF/AICR) and the World Health
Organization (WHO) have published recommen-
dations considered to reduce the risk of various
diseases including cancer.’? In summary, the rec-
ommendations for adults of 150 minutes (2.5h) to
300 minutes (5h) of moderate physical activity,
or at least 75 minutes (1.25 hours) to 150 minutes
(2.5h) of vigorous physical activity per week, can
reduce cancer risk. For additional health benefits,
muscle-strengthening activities involving major
muscle groups should be conducted on two or
more days a week. 1>13

To express the intensity level of physical ac-
tivity, the rate of energy expenditure expressed
as metabolic equivalents (METs) are commonly
used.’ One MET is the rate of energy expenditure

Radiol Oncol 2021; 55(1): 7-17.

while sitting at rest, which for most people ap-
proximates an oxygen uptake of 3.5 millilitres per
kilogram of body weight per minute. The energy
expenditure of other activities is expressed in mul-
tiples of METs. A 3 MET activity expends 3 times
the energy used at rest. The MET model is used
in epidemiological studies and provides general
medical thresholds and guidelines for a popula-
tion.*

Based on the MET hours/week (MET h/w) mod-
el, physical activity can be classified as occupation-
al physical activity (OPA) or leisure time physical
activity (LTPA). OPA is low for sitting work, mod-
erate for standing and walking work and high for
manual work. LTPA is low for activities < 3MET,
moderate for activities approximately 3-6 MET
and vigorous or high intensity for activities > 6
MET.® (Figure 1). A recent study by Matthews et
al., provides strong evidence that current recom-
mendation levels of LTPA, both moderate to vig-
orous (7.5-15 MET h/w or 150-300 minutes/week)
provide cancer (colon, breast, endometrial, kidney,
myeloma, liver, non-Hodgkin lymphoma) protec-
tion in a dose dependent manner.* Minor incidence
of some cancer types seems to be correlated with
vigorous LTPA. 4

Actual knowledge on the
association between physical
activity and cancer

Several studies have been performed to assess the
effect of LTPA in lowering cancer risk. There is con-
vincing evidence of the beneficial effect of physical
activity on the risk of colon and breast cancer and
probable evidence for other cancers.**” Original
scientific articles and systematic reviews (based
largely on epidemiological studies consisting of
large cohorts and case controls) have demonstrat-



ed a dose-response relationship between physical
activity and cancer risk.*1

Breast cancer

In 1980 it was hypothesized that physical activity
protects against breast cancer and many studies
have confirmed this association risk.!®

Physical activity is associated with a reduced
risk of breast cancer incidence and better survival
rates among women with breast cancer diagnosis.!
Physically active women had up to 20% lower risk
incidence of breast cancer in comparison to inactive
women, providing evidence that physical activity
influences sex hormones, insulin resistance, and in-
flammatory adipokines.'”!8 Another early case con-
trol study demonstrated a clear reduction of breast
cancer in younger women during the reproductive
period, who engaged in the recommended level of
physical activity (3-6 MET h/w).Y Similarly, obser-
vational evidence suggests that regular physical
activity reduces the risk of breast cancer incidence
and mortality among obese menopausal and post-
menopausal women.?2

The Nurses’ Health Study collected information
over 29 years and reported that moderate or vigor-
ous physical activity for 7 or more hours per week
(> 6 MET h/w) compared to those who reported
less than 1 hour per week (<3 MET h/w) resulted in
a 20 % reduction in developing breast cancer. The
association was similar in both premenopausal and
postmenopausal women.?*

Campbell et al. state that regular exercise in as-
sociation with weight reduction decreases the lev-
els of sex hormones, as well as reducing breast can-
cer risk.?® In this study, more than 400 overweight
to obese sedentary women, aged 50-75 years, were
assigned to one of the following groups: a) moder-
ate to vigorous intensity aerobic exercise only, b)
diet only, c) moderate to vigorous intensity aerobic
exercise and diet, and d) control. They found that
physical activity among postmenopausal women
might lower breast cancer risk by reducing fat
mass, alongside a significantly greater decrease of
estrogen and significantly increased sex hormone-
binding globulin (SHBG)¥ which regulates the
availability of free estrogen to hormone sensitive
tissue by binding biologically active estrogen.

Taken together, these findings suggest that
weight loss is the key factor linking alterations in
diet or exercise to sex hormone changes. In the
study conducted by Niehoff et al. 2019 the associa-
tion between physical activity and breast cancer
risk was examined in a large population of women
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with a family history of breast cancer. This demon-
strated that physical activity was associated with
reduced postmenopausal, but not premenopausal,
breast cancer risk.?® The diversity of available data
of physical activity and cancer association is due
to population heterogeneity and the influence of
breast cancer modifiable and non-modifiable fac-
tors, such as genetics, early age menarche, nul-
liparity, older age at first childbirth and breast-
feeding.?” Although there is a proven link between
physical activity and breast cancer, the type and
dose of physical activity may have a varied effect.
Physical activity can reduce the risk of breast can-
cer in women who engaged with moderate inten-
sity levels. In addition, a greater decreased risk was
found for vigorous intensity levels of physical ac-
tivity with a stronger association in postmenopau-
sal women.* Risk reduction was observed among
women who participated in physical activity dur-
ing all periods in their lives.

Colon and rectal cancer

To date, the most definitive epidemiological stud-
ies have provided consistent evidence that physi-
cal activity is associated with a lower risk of colon
cancer.33031

A meta-analysis of numerous prospective stud-
ies, examining the association between physical
activity of various intensity levels and the risk
of developing colon and rectal cancer have been
evaluated, showing that increased levels of physi-
cal activity considerably decreases the colon and
rectal cancer risk.>> Moreover, others reported that
higher levels of physical activity in colon cancer
survivors have a minor possibility of cancer recur-
rence and improved survival compared to inactive
survivors.*

Risk reduction for colon cancer in physically ac-
tive individuals was greater in case control stud-
ies (24%) in comparison with cohort studies (17%).
Similar results were found for OPA (22%) and
LTPA (23%).%*

The association between colon cancer and
physical activity in case control studies showed
an equally significant risk reduction for men and
women (24%) while in cohort studies this asso-
ciation was greater for men than for women.*3%
The effects of physical activity on colon and rectal
cancer may be influenced by different parameters;
physical activity type, intensity, frequency and du-
ration, as well as vary by sex and race/ethnicity.*”
The large multiethnic cohort study conducted by
Park et al., demonstrated an inverse association be-
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tween moderate/vigorous activity and colorectal
cancer risk, which appears to be stronger in men,
especially among men with longer sitting time.!°
A possible explanation of the diverse benefits be-
tween the sexes may reflect hormonal differences.!

The case—control study of Boyle considered
870 colorectal cancers cases (proximal colon, dis-
tal colon and rectal), compared 996 age and sex
matched healthy controls, and analysed the tim-
ing and intensity of physical activity on sub site
specific colorectal cancer risk, showing a strong
reduction of distal colon cancer risk.* Authors of
this study demonstrated that physical activity with
more than 6 MET h/w was associated with a lower
distal colon cancer risk by about 40%, while an in-
crease of physical activity to 18 MET h/w further
increased the percentage of cancer risk reduction.
An association between physical activity and rec-
tal cancer in participants exercising 6 MET h/w or
more was also observed. In general, the overall da-
ta show no association between the total physical
activity level and recreational physical activity and
rectal cancer. Recently, it was found that LTPA was
associated with a lower risk of both, colon and rec-
tal cancer.?? A health initiative observational study
found an inverse association between leisure time
physical activity and rectal cancer, particularly, in
postmenopausal women.*

Another case control study revealed that partici-
pants who spent more than ten years in sedentary
work presented a greater risk of distal colon can-
cer and rectal cancer compared to those who never
held sedentary work.*® However, the risk was sig-
nificantly reduced in participants who performed
jobs requiring heavy activity.®

The health benefits of moderate to vigorous
physical activity have been recently proposed to
prevent colorectal cancer among people with long-
er sitting times.!? In addition, others confirm the
protective role of moderate physical activity with
the risk of the polyp’s development and adeno-
mas.*!

Other cancer sites

Many studies reported on the association be-
tween physical activity and lower risk of several
other site-specific types of cancer.”? Evidence is
less consistent than for breast and colorectal can-
cer and can be classified as probable or possible.
Regardless, patient data from nine cohort studies
(US, European and Australian cohorts) including
adult engagement in the recommended amounts of
LTPA (moderate to intense activity) demonstrate,
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in addition to colon and breast cancer, also lower
risk levels for endometrial and kidney cancer, liver
cancer, lung, gastric and non-Hodgkin lymphoma
(women only).4#2

Endometrial cancer

Previous meta-analysis studies of endometrial can-
cers found evidence of a decreased risk in mod-
erately to vigorously physically active women.®
Many other studies investigated the influence of
physical activity and body mass, since obesity is
a strong risk factor for endometrial cancer as it is
related to physical inactivity.*

Bladder cancer

The meta-analysis of many cohort studies and
several case-control studies reported lower rates
of bladder cancer for individuals with the highest
level of recreational or OPA than those who were
the least physically active.*> The LTPA of over one
million individuals was associated with a reduced
risk of bladder and kidney cancer.?

Lung cancer

Lung cancer has been less well studied than the
cancers described above, but some epidemiologi-
cal studies have revealed an association between
physical activity and reduced cancer risk among
former and current smokers.*

Prostate cancer

Evidence suggesting that physical activity can
reduce prostate cancer risk is on the increase.
Although rigorous physical activity may be need-
ed to influence hormone levels involved in the eti-
ology of this cancer.?”

The data for several other cancers are limited
and further research is needed in order to strength-
en the hypothesis that physical activity reduces
the development of cancer.?? Preliminary evidence
suggests that higher levels of physical activity may
influence cancer risk at several of these sites.??

Potential biological mechanisms
in the relation between
physical activity and cancer risk

The most commonly hypothesized mechanisms
proposed for physical activity and reduced cancer
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FIGURE 2. The effects of physical activity on cancer prevention.

Moderate to vigorous physical activity improves immune function, total antioxidant capacity, increases SHBG production and
anti-inflammatory plasma adiponectin and improves gut microbiota composition. In addition, moderate fo vigorous physical
activity decreases systemic inflammation, oxidative stress, reduces adipose tissue and hyperinsulinemia, decreases inflammatory

hormone leptin and regulates sex hormone levels.

risk are presented below. Moreover, the associa-
tion between physical activity and gut microbiota
composition in relation to cancer is described. The
effects of physical activity on cancer prevention are
summarized in Figure 2.

Anti-inflammatory action of muscle
derived myokines

Skeletal muscle plays an important role in coun-
teracting pro-inflammatory effects. During the
past decade, it was identified as a secretory or-
gan.®® Cytokines or other peptides that are pro-
duced, expressed and released by skeletal muscle
and exert autocrine, paracrine or endocrine effects
should be classified as ‘myokines’. It has been sug-
gested that myokines may contribute to exercise-
induced protection against several chronic dis-
eases.® Inflammation is a normal component of
host defence; however, chronic low-grade inflam-
mation is a key contributor in a range of chronic
diseases and plays a critical role in cancer devel-
opment and is crucial for the sustenance of the
processes of tumorigenesis.* Interleukin-1 (IL-1),
tumor necrosis factor a (TNF-a), and interleukin-6

(IL-6) are inflammatory cytokines that have been
measured in relation to cancer.* Increased levels
of pro-inflammatory cytokines and a decrease in
anti-inflammatory cytokines have been linked to
increased cancer risk and a permanent presence
of inflammatory cytokines also maintains an en-
vironment in which cancer cells can proliferate.®
Evidence suggests that regularly performed LTPA,
moderate to vigorous may reduce markers of sys-
temic inflammation.”® However, there is a sub-
stantial body of evidence that high-intensity or
prolonged endurance training leads to increased
oxidative stress that may result in a pro-inflamma-
tory response from the immune system to protect
the host tissue.” In addition, an increase in the
expression of pro-inflammatory cytokines can be
crucial for long-term adaptive responses to exer-
cise training.”? Although high-intensity endurance
training can increase antioxidant enzyme activity
and reduce markers of training-induced oxida-
tive stress, very high training loads of elite and
non-elite athletes participating in ultra-endurance
competitions are associated with an acute reduc-
tion in antioxidant capacity and an increase in
markers of oxidative stress.>
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Skeletal muscle is an important source of anti-
inflammatory myokines, including muscle derived
interleukin 6 (IL-6), interleukin 8 (IL-8), interleukin
15 (IL-15), and interleukin 1 receptor antagonist
(IL-1ra), which act as antagonists to the generally
pro-inflammatory cytokines.>

The pro-inflammatory TNF-a plays an impor-
tant role in cancer promotion.®® TNF-a was origi-
nally identified as a factor that caused tumor ne-
crosis in high concentrations; its activity at moder-
ate levels can promote tumor growth. One of the
key functions for TNF-a is to activate the pro-in-
flammatory transcription factor (NFxB), involved
in cancer pathogenesis.>

Interestingly, IL-6 produced by monocytes or
macrophages acts as a pro-inflammatory response,
whereas skeletal muscle derived IL-6 acts as an
anti-inflammatory response by reducing TNF-a
concentration or NFkB activation.?”

It turns out that regenerative or anti-inflam-
matory activities of interleukin-6 are mediated
by classic signalling, whereas pro-inflammatory
responses of interleukin-6 are rather mediated by
trans signaling.”® In classic signaling, interleukin-6
stimulates target cells via a membrane bound in-
terleukin-6 receptor (IL-6R), which upon ligand
binding associates with the signalling receptor pro-
tein gp130 and trigger the activation of the JAK/
STAT signalling pathway. In cells that express only
gp130 but not IL-6R, IL-6 binds to the soluble IL-6R
(sIL-6R) and the complex in turn binds to gp130 to
trigger activation of intracellular signalling, known
as trans signaling.5®

Skeletal muscle IL-6 was the first identified
myokine and, to date, the most studied myokine
which is produced and released by contracting
skeletal muscle fibres, exerting extensive anti-
inflammatory effects in other organs via an in-
flammatory (TNF-a) independent pathway.> IL-6
was discovered as a myokine because of the ob-
servation that IL-6 increases up to 100-fold in the
circulation during and after physical activity.”
Therefore, the exercise release of IL-6 induces an
increase in anti-inflammatory IL-1ra and IL-10.
In most exercise-related studies, TNF-a does not
change and is likely to be suppressed by the mus-
cle derived IL-6, as demonstrated by a modest de-
crease of TNF-a after exercise.*® This confirms that
anti-inflammatory effects of regular exercise can
protect against systemic low-grade inflammation.
The anti-inflammatory effects can be mediated by
a reduction in visceral fat and body fat as well as
by an anti-inflammatory environment through the
release of myokines.>%
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Another skeletal muscle myokine, IL-15, has
been identified as an anabolic factor in muscle
growth and it appears to play an important role
in fat metabolism.®* Interestingly, a negative as-
sociation between plasma IL-15 concentration and
abdominal fat mass was established, which sup-
ports the idea that muscle-expressed IL-15 may
be involved in the reduction of visceral fat mass
and may play an important role in the decrease of
many cancer risks.>”

Skeletal muscle is an endocrine organ, which,
in addition to releasing myokines, also produces
and secretes microRNAs into circulation.®® Loss
of function microRNA experiments demonstrated
that microRNAs have significant roles in the regu-
lation of protein function in cancer, cancer cell pro-
liferation and survival.®!

Immune function

It has been demonstrated that moderate physical
activity may enhance the immune function by in-
creasing the number and activity of immune func-
tion cells such as neutrophils, eosinophils, mono-
cytes and lymphocytes, and stimulate an increase
in natural killer cells which have an important
role in tumor suppression.>#? Interestingly, regular
moderate physical activity can increase the total
antioxidant capacity of defence and be responsi-
ble for the elimination of reactive oxygen species
(ROS).® These highly reactive species are responsi-
ble for oxidative stress and play an important role
in the progression of various types of human can-
cer.®® Moderate to vigorous physical activity can
also provide a higher number of mitochondria in
skeletal muscles that consequently provide a great-
er capacity to reduce oxidative stress.** Indeed,
each mitochondrion has a reduced oxidative load,
and, as such, more electrons are directed to cy-
tochrome oxidase instead of producing reactive
oxygen species.®

Hormones

Regular moderate to vigorous intensities of physi-
cal activity influences the levels of biologically
available sex hormones and decreases the incidence
of hormone-related cancers, including breast can-
cer, endometrium, ovaries, and prostate cancer.%®”
Many studies have concluded that physical activ-
ity modifies metabolic hormone levels by lowering
circulating fat, which produces the sex hormones
responsible for the stimulatory effect on mammary
glands and increases SHBG production, reducing



their ability to influence target tissue. During men-
opause, the concentration of estrogens declines,
but adipose tissue in obese women still produces
estrogens after menopause.® Physical activity re-
sponsible for reducing body fat mass, counteracts
adipose tissue and is crucial for the reduction of
breast cancer risk.® Another study performed on
premenopausal women demonstrated that regular
physical activity and high LTPA reduce the concen-
tration of estradiol and increase SHBG independ-
ent of obesity, thus indicating that the protective
effect of exercise is not completely mediated by the
changes in adiposity.® Furthermore, excess levels
of some androgens in men have been suggested to
increase the risk of prostate cancer. Increased pro-
duction of SHBG during physical activity may pre-
vent prostate cancer development by decreasing
the levels of biologically available testosterone.*”
Regular moderate to vigorous physical activ-
ity affects cancer risk by reducing the levels of in-
sulin and insulin growth factor-1 (IGF-1).” High
levels of (IGF-1) and insulin resistance have been
responsible for an increased risk of various cancer
types.”” The epidemiological evidence between
insulin levels and cancer risk is associated with
hyperinsulinemia. Insulin is a powerful mitogen
and is involved in glucose metabolism enhancing
tumor development. Hyperinsulinemia promotes
the synthesis and activity of (IGF-1), a mitogen
that increases cellular proliferation, differentia-
tion and transformation and inhibits apoptosis.”!
Intervention strategies including regular physi-
cal activity reduce insulin levels, fasting glucose
levels, decrease hepatic and muscle insulin resist-
ance, and total IGF-1, increase glucose transporter
protein and mRNA, increase activity of glycogen
synthase and hexokinase, decrease release and in-
crease clearance of free fatty acids, increase muscle
glucose delivery because of increased muscle cap-
illary density, and effect changes in muscle com-
position to increase glucose disposal.” This proves
that the mechanism involved is directly associated
with skeletal muscle contraction during exercise.

Adiposity

Chronic low-grade inflammation in adiposity
is associated with a higher risk of several cancer
types.”” Adipose tissue as an endocrine organ
which produces and releases a variety of pro-
inflammatory cytokines such as (IL- 6), (TNF-a),
(CRP), leptin, and anti-inflammatory adiponectin.
During exercise, in particular resistance training,
skeletal muscle cells produce and express anti-

Jurdana M / Physical activity and cancer

inflammatory myokines, belonging to distinctly
different families, responsible for reducing pro-
inflammatory leptin, (IL-6) and (TNF-a) secretion
and significantly increase the adiponectin level.”
Some pro-inflammatory cytokines, such as the
obesity hormone leptin, have a potential role in
the development of a large variety of malignan-
cies and are currently at the centre of the obesity-
cancer link.”” In humans, excessive adipose tissue
is directly associated with elevated levels of leptin,
which is significantly higher in women than in
men, even after the adjustment for total body fat
mass.”®” One explanation for this tendency is a
differential regulation of leptin expression by sex
hormones; estrogens were observed to increase
leptin levels, while testosterone was observed to
decrease leptin levels.® Leptin, in addition, can act
as a mitogen and can increase the expression of
anti-apoptotic proteins, inflammatory (TNF-at and
IL-6), and angiogenic factors (VEGEF). Interestingly,
the effects of exercise, and particularly resistance
exercise, can reduce leptin concertation, exerting
an anti-inflammatory response.”® 8% To date, the
evidence that leptin can indeed be involved in the
neoplastic processes has been provided by studies
on breast and colorectal cancer, while limited stud-
ies are available for other cancer types.®
Moreover, adipose tissue adiponectin levels
have been shown to exert anti-inflammatory ac-
tions and may thus counteract the increased can-
cer risk seen in obesity-induced inflammation.®
Plasma adiponectin levels are known to be associ-
ated with insulin sensitivity and the risk of devel-
oping metabolic disorders and malignancy.® As
exercise training improves insulin sensitivity and
prevents the development of obesity related dis-
eases, it has been proposed that exercise-induced
improvement in insulin sensitivity is mediated
through the regulation of plasma adiponectin lev-
els. In addition, low serum adiponectin levels and
high serum leptin levels are independent risks for
cancer metastasis.¥” Since physical inactivity is
strongly linked with excess weight/obesity, and
both are important risk factors for cancer develop-
ment, regular physical activity appears to be im-
portant for the prevention of cancer development
through reduction adiposity, in particular the met-
abolically active abdominal fat both of which are
known to contribute to systemic inflammation.®

The role of microbiota composition

The human gastrointestinal tract (GIT) is colonized
by trillions of microbial cells, and numerous studies

Radiol Oncol 2021; 55(1): 7-17.

13



14

Jurdana M / Physical activity and cancer

have shown the importance of gut microbiota com-
position in several physiological and pathological
processes, including local gastrointestinal cancer,
as well as others such as distal cancer (head and
neck, breast, oesophageal, pancreatic, and prostate
cancer).’8 A microbial imbalance or dysbiosis can
be caused by several risk factors, such as aging,
smoking, having an unhealthy diet, and inflam-
mation that increases the host’s risk for neoplastic
transformation.® Gut microbiota provides nutri-
ents, regulates epithelial development, and affects
the immune system. Additionally, an augmented
microbial diversity is associated with improve-
ment in the health status and the immune system.*
It has been demonstrated that gut microbiota can
be modulated by different factors. Recently, hu-
man and animal studies have revealed that aerobic
exercise increases microbiota diversity, altering the
bacterial composition and influencing the produc-
tion of important metabolites of gut bacteria.”
Regular aerobic physical activity affects colon
motility, provides a positive effect on the gut by
reducing transient stool time and contact time be-
tween pathogens and the gastrointestinal mucosa
layer.”? Physical activity may reduce prostaglan-
dine production and inflammation and protect the
integrity of the intestine. In this manner, physical
activity prevents the risk of many diseases such as
colon cancer, diverticulosis and other inflamma-
tory diseases.”® Other possible positive effects of
exercise include elevated short-chain fatty acids
(SCFAs) and immunoglobulin production and an
increase in butyrate concentration. The increase of
fecal butyrate has anti-carcinogenic and anti-in-
flammatory properties.” In addition, exercise can
prevent obesity and induce changes in microbiota
composition and diversity, and potentially con-
tribute to reducing weight and obesity-associated
pathologies.”> Recently, it has been demonstrated
that aerobic exercise training alters the gut micro-
biota and microbial-derived SCFA in sedentary
lean and obese adults without any changes to di-
etary patterns.”® This evidence supports the idea
that regular physical activity appears to be an im-
portant environmental factor that induces changes
in microbial composition benefits for the host, and
stimulates gut bacteria to produce substrates that
protect against GIT disorders and colon cancer.

Conclusions

The epidemiological data for the beneficial effects
of physical activity and cancer risk are being gath-
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ered rapidly and several possible mechanisms have
been proposed to explain the link between physi-
cal activity and cancer. Physical activity can reduce
the risk of various types of cancers by mechanisms
including: decreasing markers of systemic inflam-
mation by releasing anti-inflammatory myokines,
improving insulin resistance, reducing leptin lev-
els and hyperinsulinemia, increasing adiponectin
levels and function of immune cells, decreasing
circulating estrogen and androgen levels, and
decreasing transient stool time and contact time
between pathogens and the gastrointestinal mu-
cosa layer. Discovering that skeletal muscle is an
endocrine organ elucidated some of the proposed
mechanisms.

Based on the current level of knowledge, some
unexplained factors remain: existing evidence
is limited to be able to support a specific dose of
physical activity among a specific population sub-
group, tailored for site-specific cancer reduction;
how to measure precise physical activity; and how
different type, dose and intensities of exercise are
attributed to lowering certain cancer risks. General
guidelines recommend 150 minutes of moderate
physical activity or at least 75 of vigorous physi-
cal activity per week.!" 7 The second report by the
World Cancer Research Fund (WRCEF) states that
“more physical activity is better”. Although any
dose of physical activity is important for the reduc-
tion of cancer risk; to date, data from numerous
studies have reported that higher levels of physical
activity (150-300 minutes per week or 7-15 MET
h/w) in particular, making vigorous is important
for cancer prevention.*
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