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Abstract. Introduction: Western lifestyle characterized by increased consumption of red
meat, fat, processed food, smoking, alcohol drinking, lower consumption of vegetables and
physical inactivity has been associated with a higher gastrointestinal cancer risk. Digestive
system cancers are diagnosed at late stages when they show poor response to treatment
and are associated with a high mortality rate. Colorectal, gastric, esophageal and pancreatic
cancers are among the most common cancers worldwide. Studies show that more than 50%
of gastrointestinal cancers develop as a result of inappropriate lifestyle. An inverse associa-
tion between physical activity and many chronic diseases has been proved so far. However,
the association between physical activity and some gastrointestinal cancers is still contro-
versial. This study was aimed to determine the association between physical activity and
gastrointestinal cancers risk. Methods: We conducted a comprehensive search of English
and Persian databases from February 2007 till December 2017, for studies investigating
the association of physical activity and risk of gastrointestinal cancers. Finally, after reading
full text of articles, 123 studies were included. Results: Physical activity can be helpful in
reducing the risk of gastrointestinal cancer, especially colon and pancreatic cancers. The risk
reduction is not similar for different types of gastrointestinal cancers and also among males
and females. Conclusion: Different types of physical activity are associated with a lower risk
of gastrointestinal cancer. However, it is unknown which type and intensity of physical activity
are associated with a protective effect against gastro-intestinal cancer.
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INTRODUCTION are responsible for the major part of cancer-related

deaths every year. The incidence rate has increased

astrointestinal cancers include cancers of inrecent years [2-5]. Colorectal, gastric, esophageal

G the digestive tract (mouth, pharynx, esopha-  and pancreatic cancers are the third, fourth, sixth
gus, stomach, small intestine, colon and rec-  and 12th most common cancers worldwide, respec-

tum) and cancers of supplementary organs (pancre-  tively [6-9]. Some of these cancers such as pancre-
as, gall bladder, liver) [1]. Digestive system cancers  atic cancer and gastric cancer are often diagnosed
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at late stages and show poor response to treatment
[10, 11]. So it is necessary to determine the related
risk factors for prevention of these cancers. Genetic
background, family history, obesity, infectious agent,
lifestyle factors such as diet, physical activity, smok-
ing, alcohol consumption, tobacco use and some
underlying diseases such as type 2 diabetes are as-
sociated with an increased risk of digestive system
cancers [4, 12-14]. In contrast to non-modifiable risk
factors, lifestyle is a modifiable risk factor and its im-
provement is associated with a reduced risk of diges-
tive system cancers [15]. Based on the World Health
Organization’s (WHO) definition, lifestyle is “a way of
living based on identifiable patterns of behavior which
are determined by the interplay between the individ-
ual personal characteristics, social interactions, and
socioeconomic and environmental living conditions”
[16]. Western lifestyle characterized by increased
consumption of red meat, fat and processed food,
lower consumption of fiber and vegetables, higher
calorie intake, smoking, increased alcohol drinking
and physical inactivity is responsible for increased
incidence of digestive system cancers, especially in
developed countries [17-19].

Based on the WHOQ's definition, physical activity is
“any bodily movement produced by the skeletal
muscles that requires energy expenditure” [20]. The
inverse association between physical activity and
risk of many chronic diseases and some cancers
has been certainly proved. However, results from
the studies that examined the association between
physical activity and other cancers are inconsistent
[9, 18, 20, 21].

In this review, we discuss the association between
physical activity and digestive system cancer risk and
some related mechanisms.

METHODS

We conducted a comprehensive search of PUBMED,
Google Scholar, Scopus, SID, IranMedex and Iran-
Doc databases from February 2007 to December
2017, for studies that investigated the association
of physical activity and risk of gastrointestinal can-
cers. The search consisted of terms related to physi-
cal activity (including “exercise’, “physical activity”,
“motor activity”, “sport”, “cardiorespiratory fitness”,
“cardiovascular fitness”, “aerobic”, “anaerobic”, “lei-

sure activities”, “occupational activities”, “recreational

activities”, “transport activities”) in combination with
terms for cancer sites of interests (including “stom-

ach”, “gastric”, “cardia”, “esophagus”, “esophageal”,

“pancreas”, “pancreatic”, “rectum”, “rectal”, “colorec-
tal”, “colon”, “bowel”, “gut”, “right colon”, “right-sided

n oo LI o ow

colon”, “left colon”, “left-sided colon”, “proximal co-
lon”, “distal colon”) using an AND operator, and in
combination with terms for cancer description (in-
cluding “cancer”, “neoplasm”, “carcinoma”, “tumor”,
“malignancy”) using an AND operator. A manually
search of reference list of included articles also was
performed for additional studies. After eliminating du-
plicate articles, the titles and abstracts of remaining
articles were screened. Studies were excluded if: 1)
they were not published in English, 2) there was no
abstract or full text available for them, 3) they had
evaluated the effects of physical activity in manage-
ment and treatment of the digestive system cancers
and 4) they were conducted on animal models. Fi-
nally after reading full text of all remaining articles,
123 studies were included.

RESULTS OF THE SEARCH AND DISCUSSION

Physical activity

Based on the WHO's definition, “physical activity
is any bodily movement produced by the skeletal
muscles that requires energy expenditure”. Physical
activities are divided into four categories including
occupational, household, transportation and recre-
ational (leisure-time) physical activities. Occupational
physical activities refer to activities which are relat-
ed to work and are performed in about eight hours
per work day. Household activities refer to activities
which are performed in the household. Transporta-
tion activities refer to activities which are performed
for going somewhere. Recreational activities refer
to activities which are performed during leisure-time
[20]. Different physical activities are characterized by
intensity, duration and frequency [22].

Industrialization and new technologies together with
occupations demanding lesser physical activity have
made people more inactive during their life. Nowadays
31% of the world population is inactive (20, 23). Stud-
ies demonstrated that nearly 25% of cancers around
the world develop as a result of increased body weight,
physical inactivity and sedentary lifestyle [24].

Metabolic equivalent of task (MET) is used to mea-
sure energy expenditure during physical activity. So in
this scale, metabolic rate during a physical activity is
compared to a standard resting metabolic rate during
quiet sitting. A MET is equivalent to 4.184 kJ+kg™ body
weighteh! kilojoules for an adult which is equal to up-
take 3.5 ml of oxygenekg? body weightemin [25-27].

Based on MET level, activities are divided into four
categories:

1. Sedentary: MET score 1-1.6, these activities
don't result in significant changes on heart and
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breathing rate compared to resting level and de-
mand less than 40% of maximum heart rate.

2. Light: MET score 1.6-3, these activities result in
minor changes on heart rate and breathing rate
compared to resting level and demand 40-55%
of maximum heart rate. Their duration should be
at least 60 min.

3. Moderate: MET score 3-6, these activities in-
crease maximum heart rate from 55 to 70%. Their
duration should be between 30-60 min.

4. Vigorous: MET score = 6, these activities in-
crease maximum heart rate from 70 to 90%, in
this situation anaerobic metabolism is needed to
provide enough energy. Their duration should be
up to 30 min [25, 27, 28].

A systematic review and meta-analysis of 126 articles
carried out by Li Liu et al., found that as stated in the
WHO recommendation, participating in moderate aer-
obic exercise for at least 2.5 hours, vigorous aerobic
exercise for 1.25 hours or a combination of moderate
and vigorous aerobic exercise is associated with a 7%
risk reduction for cancers [29]. World Cancer Research
Fund recommends moderate physical activity for at
least 30 minutes every day to have a healthy life [30].

The inverse association between physical activity
and risk of many chronic diseases such as hyper-
tension, type 2 diabetes, cardiovascular, pulmonary
and musculoskeletal diseases, and some cancers
such as colon, prostate and breast cancer, has been
clearly proved [9, 18, 20, 31]. Steven C. Moore et al.,
in a study which reviewed 12 prospective articles re-
ported that recreational physical activity is associated
with 20% reduced risk of 13 different types of cancers
[23]. However, results from the studies that examined
the association between physical activity and other
cancers are inconsistent.

Esophageal cancer

Esophageal cancer is the sixth most common cancer
around the world [32]; nearly 460 000 new cases of
esophageal cancer are diagnosed every year [8, 33].
The incidence is 2-3 folds greater in men than in wom-
en and has increased 300 percent among women and
500 percent among men in Western countries [4, 34].

Esophageal cancer is associated with a high mortal-
ity rate and poor response to treatment in advanced
stages [8]. Studies demonstrated that the 5-year sur-
vival rate of esophageal cancer patients was 17%
[35]. Esophageal cancer is the sixth leading cause of
cancer related deaths around the world [5].

Esophageal cancers include esophageal squamous
cell carcinoma and esophageal adenocarcinoma [5,

12, 33]. In contrast with reduced incidence of esoph-
ageal squamous cell carcinoma in recent years, the
incidence of esophageal adenocarcinoma has in-
creased in developed countries. However, esopha-
geal squamous cell carcinoma is the most common
type of esophageal cancers in most countries around
the world such as central Asian countries [5, 12, 36].

Gastro-esophageal reflux is one of the main risk fac-
tors for developing esophageal adenocarcinoma.
Chronic reflux damages normal esophageal epithe-
lial squamous cells and leads to Barrett's metaplasia.
Thereafter dysplasia occurs in esophageal epithelium
and finally esophageal adenocarcinoma develops [4,
36, 37]. Patients with Barrett's esophagus have 30-40
fold greater risk for developing esophageal adenocar-
cinoma, which is at least 5 times greater among men
than women [34]. Hiatal hernia, smoking, long persis-
tent diseases, higher body weight, body mass index
and waist circumference are among the risk factors
which can promote Barrett's esophagus developing
to esophageal adenocarcinoma [37]. Although some
studies found that moderate to vigorous physical ac-
tivity reduces the risk of esophageal adenocarcinoma,
results from the studies that examined the association
between physical activity and esophageal squamous
cell carcinoma risk are inconsistent [4, 23, 32-36, 38].
Studies demonstrated that both recreational and occu-
pational physical activity are associated with reduced
esophageal cancer risk [39] and even low physical
activity against physical inactivity is helpful in esopha-
geal cancer risk reduction [33].

Gastric cancer

Gastric cancer is the fourth most common cancer
and second leading cause of cancer- related deaths
worldwide [40]. Gastric cancers often are diagnosed
in late stages when treatment strategies can't be
helpful [8, 13]. The 5-year survival rate of gastric can-
cer is 28% [35]. Gastric cancer has greater incidence
among men than women, for example gastric cardia
cancer incidence is five times greater among men
[40]. Nearly 900 000 new cases of gastric cancer are
diagnosed every year [3, 8, 33] and most cases are
intestinal-type adenocarcinomas [41]. Although the
incidence of gastric non-cardia and gastro-esoph-
ageal junction cancers has increased especially in
high income countries, the incidence of gastric non-
cardia adenocarcinomas has been reduced [3]. Gas-
tric cancer incidence shows geographical variations,
with the highest incidence in Asian countries and the
lowest rate in African countries [42]. Nearly two-thirds
of gastric cancer cases occur in developing countries
[7]. Infection with Helicobacter pylori, smoking, alco-
hol drinking, tobacco use, excessive amount of salt
consumption and physical inactivity can increase
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gastric cancer risk [7, 13, 43]. Studies found that
healthy lifestyle is associated with a 50% risk re-
duction of gastric cancer [44]. Risk factors of gastric
cancer show variations depend on cancer type and
anatomic site, for example infection with Helicobacter
pylori is associated with an increased risk of gastric
cardia and non-cardia adenocarcinoma but chronic
reflux is only associated with an increased risk of
gastric cardia adenocarcinoma [33], also some risk
factors are similar between gastric cardia cancers
and esophageal malignancies [40]. Studies dem-
onstrated that physical activity is associated with a
reduced risk of gastric cancers, however these re-
sults are inconsistent. A prospective study carried out
by Jose” Mari"a Huerta et al., found that high levels
of physical activity was associated with 25-38% re-
duced risk of gastric adenocarcinoma, particularly
gastric noncardia adenocarcinoma but there was no
significant association between recreational physical
activity and risk of gastric adenocarcinoma [3]. An-
other study carried out by Peter T. Campbell dem-
onstrated that recreational physical activity with high
intensity is associated with almost 20-40% reduced
risk of stomach cancer and the risk reduction was dif-
ferent during several periods of lifelong [45]. Further-
more they found no significant association between
occupational or moderate intensity physical activity
and risk of gastric cancer. A systematic review and
meta-analysis of 16 studies carried out by Siddharth
Singh et al., reported that the risk of both cardia and
noncardia gastric cancers among the most active
people was 21% lower than the least active people
[46]. A recent case-control study carried out by Jose
M. Huerta in the MCC-Spain reported that household
physical activity is strongly associated with reduced
risk of gastric adenocarcinoma. Also they found
that recreational physical activity is associated with
gastric adenocarcinoma and the association was
stronger for non-cardia tumors [47]. Another recent
systematic review and meta-analysis of 22 studies
carried out by Theodora Psaltopoulou reported that
any type of physical activities was associated with
reduced risk of gastric cancer and the risk reduction
was 19% among persons with the highest levels of
physical activity [30]. Some other studies also report-
ed an inverse association between physical activity
and gastric cancer risk [8, 23, 35, 40, 48]. Studies
demonstrated that moderate or vigorous recreational
physical activity is associated with 50 % reduced risk
of gastric cancer [49].

Pancreatic cancer

Pancreatic cancer is the 12" most common cancer
and seventh leading cause of cancer related deaths
worldwide and fourth leading cause of cancer related

deaths in developed countries [9, 50, 51]. It seems
that this geographical variation is due to the Western
lifestyle, excessive consumption of foods contain-
ing more fat and energy, less fiber consumption and
low physical activity in developed countries. Pancre-
atic cancer incidence shows geographical variation
which is similar to prostate, breast and colon cancer
incidence pattern, with the highest incidence in North
America, Europe, some countries of South America
and the lowest incidence in Asia and Africa [19]. Ap-
proximately 250 000 cases die due to pancreatic can-
cer each year [52]. Pancreatic cancer often occurs at
older ages and is diagnosed in late stages [10, 50].
Pancreatic cancer has a rapid growth and early me-
tastasis and shows poor response to treatment strate-
gies [10, 53]. Most cases of pancreatic cancer occur
in exocrine glands and the most common type of pan-
creatic cancers is ductal adenocarcinoma cancer. The
1-year survival rate of pancreatic cancer is 26% and
the 5-years survival rate is 7% [50, 53]. Smoking is the
most important risk factor for pancreatic cancer [53],
moreover high body mass index, low physical activ-
ity, age, some infectious agents such as Helicobacter
pylori and hepatitis virus, chronic pancreatitis, chole-
cystectomy, chemical exposure, family history, insulin
resistance, hyperglycemia, obesity and inappropriate
dietary habits are associated with an increased risk
of pancreatic cancer [9, 14, 51, 52, 54-57]. Studies
demonstrated that physical activity offers a protec-
tive effect against pancreatic cancer development [19,
50, 54, 58]. A systematic review of 30 studies carried
out by Gundula Behrens et al., found that physical
activity was associated with a weak risk reduction of
pancreatic cancer. The risk reduction was greater in
case-control studies than cohort studies (22% against
7%) [51]. In another systematic review of 26 studies
by Megan S.Farris et al., they found that participation
in recreational physical activity was associated with
11% reduced risk of pancreatic cancer. The risk re-
duction was greater in case-control studies than in co-
hort studies (31% against 9%) [9]. Some other recent
studies also reported that regular recreational physical
activity can reduce pancreatic cancer risk [14, 50, 53]
and increase in intensity and frequency of physical ac-
tivity can reduce pancreatic cancer risk up to 50% [14].
However some studies reported no significant inverse
association between physical activity and pancreatic
cancer risk [10, 28, 55, 57, 59, 60].

Colorectal cancer

Colorectal cancer accounts for 10% of all cancer
cases around the world and is the third most common
cancer among men after pulmonary and prostate can-
cer, the second most common cancer among women
after breast cancer and the third most common can-
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cer worldwide [2, 6, 15-17, 61]. The risk of colorectal
cancer is 2 times higher in men than in women [62].
Colorectal cancer incidence shows geographical vari-
ations with the lowest incidence in central Africa, Asia
and South America and the highest incidence in in-
dustrialized countries such as Japan, United States,
Canada, Australia and New Zealand [17, 18, 63, 64].
In addition to lifestyle variations, differences in races
are also responsible for colorectal cancer incidence
variations among different countries [65].

One million new cases of colorectal cancer are diag-
nosed each year and nearly 500000 subjects die due
to colorectal cancer [18, 66, 67]. Colorectal cancer
mortality accounts for 8% of cancer related mortali-
ties around the world [2, 18] and is the fourth leading
cause of cancer related deaths [68].

Economic developments have been associated with
lifestyle changes in recent decades. Two-thirds of
colorectal cancer cases occur in developed countries
[17, 69]. Studies demonstrated that more than 50% of
colorectal cancer cases develop as a result of environ-
mental factors, inappropriate lifestyle, dietary habits and
other modifiable risk factors [2, 15, 17, 70-72]. Among
these factors, physical inactivity is the most important
risk factor in colorectal cancer development [68].

Colorectal cancer can occur in different anatomic
sites such as the proximal (ascending) colon, distal
(descending) colon and sigmoid colon which are as-
sociated with different incidence risk. For example,
older ages and female sex are associated with a
higher incidence of proximal colon cancer, but dis-
tal colon cancer shows higher incidence rate among
men and young people [73]. In addition to embryonic,
morphological and physiological differences between
different parts of colon, the cancers which rise from
different anatomic sites are also different in morpho-
logical, molecular and genetic aspects [73, 74], so
it is probable that different risk or protective factors
may exert their effect with different intensity on differ-
ent parts of colon [27, 73, 75-77]. Ji Hyun Song et al.,
in a cross sectional study on 1400 subjects in Korea
found that participation in vigorous physical activity
per week was associated with reduced risk of distal
colon adenomas and was greater for advanced and
high risk adenomas. In contrast, they didn’t find any
significant association between physical activity and
proximal colon adenomas [78]. However some stud-
ies reported that physical activity results in similar
risk reduction among different anatomic sites of colon
[22, 74, 79, 80]. In a systematic review of 21 stud-
ies carried out by Terry Boyle et al., they found that
physical activity was associated with 25% reduced
risk of cancer in all different parts of colon [73].

Most colorectal cancers develop from polyps [81].
Polyps are produced by mucus proliferation [82].
Studies found that some lifestyle factors can affect
the process of polyp development to colorectal can-
cer [83]. In a meta-analysis of 20 studies, KY Wolin
et al., found that high levels of physical activity was
associated with 16% reduced risk of colon polyp and
was nearly 35% for large and advanced polyps. This
effect was same among males and females [84]. In
contrast, the meta-analysis of 55 studies carried out
by Harindra Jayasekara et al., found no significant
association between lifestyle factors such as physical
activity and reduced risk of colon polyps [85]. Tanvir
R Haque et al., in a review study reported that there
was no significant association between physical ac-
tivity and the risk of serrated polyp development [86].
However it seems that effect of physical activity on
colon polyp risk is dependent on type of polyps [15].

Several studies demonstrated that physical activity is
associated with a 10-70% reduced risk of colorectal
cancer [16, 62, 71, 72, 87-92]. It seems that different
physical activities exert different effects on colorectal
cancer risk [61]. For example, in a case-control study
carried out by Golshiri et al., they found that recre-
ational physical activity was associated with 27% re-
duced risk of colorectal cancer. In contrast, they found
no significant inverse association between occupa-
tional physical activity and colorectal cancer risk [63].
A prospective cohort study carried out in Japan by
Hideko Takashi et al., reported that even daily walk-
ing was associated with reduced colon cancer risk
among men but not women [93]. They also found no
association between daily walking and risk of rectal
cancer. Santhana Krishnan Iswarya et al., in a case-
control study in India found that physical activity can’t
reduce colorectal cancer risk at all. It seems that this
result found because of small study population (94
subjects) and bias as a result of several changes in
patient’s lifestyle after cancer development [2]. Also
in a case-control study by Valentina Rosato et al.,
carried out in Italy they found that there wasn't any
inverse association between physical activity and
colorectal cancer risk during ages 30-39 [94], so it
is possible that physical activity exerts different ef-
fects on biological mechanisms which are related to
cancer development during lifelong [39]. There are a
few studies which examined the association between
participation in physical activity at specific ages and
risk of colon cancer. So the appropriate age period at
which person should participate in physical activities,
is not clear. Some studies reported that participation
in physical activity at any ages older than 20 years, is
associated with colon cancer risk reduction. Also they
found that physical activity performed at age 30-50
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years has the strongest association with colon can-
cer risk reduction [95]. Further studies are needed to
explore the exact association between age-specific
physical activity and colon cancer risk.

Some studies reported that physical activity is associated
with different risk reduction among males and females [6,
26, 31, 76, 80, 95, 96]; it seems that this difference is due
to different biological profiles of the two sexes such as
different amounts and types of secreted hormones, dif-
ferent lifestyles and also different incidence of colorectal
cancer [26, 93]. In contrast some studies reported that
effects of physical activity on colorectal cancer are similar
between males and females [73, 84, 87].

In contrast with consistent result which confirmed an
inverse association between physical activity and
colon cancer risk [9, 23, 31, 96-107], results from
the studies that examined the association between
physical activity and rectal cancer risk are inconsis-
tent [6, 22, 23, 74, 76, 78, 96, 97, 103, 108, 109].
However, Colinda C. J. M. Simons et al., in a case-
control study carried out on 120 000 subjects in Neth-
erland found that regular participation in recreational
physical activity such as daily walking and riding bi-
cycle reduced rectal cancer risk among women but
not among men [110]. A prospective study carried out
by Anna M. Gorczyca on 74 870 women in USA, re-
ported that there was an inverse association between
recreational physical activity and risk of rectal cancer
[111]. Regan A. Howard et al., in a cohort study found
that only vigorous physical activity was associated
with a reduced risk of rectal cancer among men [26].

Age is the most important risk factor in colorectal
cancer development [112]. In addition obesity, im-
paired glucose tolerance, hyperinsulinemia, hyperlip-
idemia, hypertension, dietary habits such as low fiber
consumption and high meat consumption, smoking,
drinking alcohol, excessive consumption of bread,
sugar and processed cereals, low consumption of
vitamin C and D, fibre, fruit, garlic, calcium and fo-
late are among the other risk factors which increase
colorectal cancer risk [17, 94, 112, 113].

Mechanisms

Exact underlying mechanisms linking physical activ-
ity to digestive system cancers are unknown. How-
ever there are some suggested mechanisms which
are discussed below.

High levels of physical activity prevent positive balance
of energy [26, 114, 115] leading to loss of weight and
ventral adipose tissue. Studies show that obesity plays
an important role in cancer development via different
pathways, for example it alters steroid metabolism, in-
creases insulin resistance and therefor increases in-
sulin, glucose and insulin like growth factor 1 (IGF-1)

levels which are associated with carcinogenesis [116].
Physical activity also has a role in the regulation of
hormones released from adipose tissue such as leptin
and adiponectin. Physical activity reduces leptin and
increases adiponectin levels in the serum. Leptin acts
as a mitogen. It is also an anti-apoptotic factor and re-
sponsible for promoting angiogenesis. In contrast adi-
ponectin has anti-leptin and anti-inflammatory effects.
Also excess visceral fat can lead to hyperinsulinemia
and increased level of IGF-1 [11], so physical activity
may play an important role in regulating hormones in
blood circulation via change in visceral adipose tissue.
For example physical activity increases insulin entry
into skeletal muscles, therefor reduces blood insulin
and C-peptide levels, improves its sensitivity and re-
duces insulin resistance. Reduction of insulin release
increases IGF-1 binding protein and therefor reduces
bioavailable IGF-1. Insulin like growth factor 1 has mi-
togenic and anti-apoptotic effects and also reduces
p53 expression which causes DNA repair impairment,
continuous cell cycle and prevents apoptosis [4, 33,
46, 55, 59, 117].

Physical activity modulates the immune system func-
tion, for example it can promote the anti-tumor func-
tion of natural killer cells and increases their inhibitory
effects on tumors as well as an increase of the free
scavenger system activity [49, 116]. Physical activ-
ity can also reduce the production of IL-6 and TNF-a
leading to increased lipolysis in adipose tissue. TNF-a
induces inflammation and chronic inflammation pro-
motes carcinogenesis via different pathways such as
altering some specific DNA methylation [4, 118]. TNF-a
is also responsible for increased proliferation of some
specific cells [4, 119]. Pro-inflammatory factors lead to
activation of cyclooxygenase2 enzyme which gener-
ates prostaglandin E2 [1, 120]. Physical activity alters
amount of prostaglandins. For example, it can reduce
prostaglandin E2 in colon mucosa which is respon-
sible for tumor proliferation and metastasis by sup-
pressing tumor suppressor and DNA repairing genes.
It can also reduce gut motility. Physical activity also
increases prostaglandin F2a which inhibits cell prolif-
eration and increases colon motility [17, 76, 93, 105,
120]. Increased colon motility leads to reduced risk of
constipation, waste particles transit time and therefor
reduced risk of colon exposure to carcinogens. Also it
can reduce colon contact with bile acids [78].

Several studies found that water intake may play a
role in reduction of some digestive cancer risks. Ex-
ercise leads to increased water intake, so people
who participate in physical activities have more water
intake. Water plays a role in softening gut content,
increasing waste particle transit time and diluting car-
cinogens, all decrease the risk of colorectal cancer
development [121].
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Physical activity alters hormone secretion in the
stomach, intestine and pancreas [17] and regulates
secretion of sex hormones. Physical activity increas-
es sex hormone binding protein levels via different
mechanisms, for example by reduction of insulin
and IGF-1 levels which can stimulate synthesis of
sex hormones. Increased sex hormone binding pro-
tein levels reduces steroid bioavailability [116, 122].
Some sex hormones lead to excessive proliferation
of cells and some have a negative effect on tumor
growth [11, 50, 123]. Some studies also reported that
high levels of estrogen — an important sex hormone
— reduces natural killer cell activity which can lead
to increased risk of cancer development [116]. More-
over, people with high levels of physical activity have
higher levels of vitamin D in their blood circulation be-
cause they have more exposure to sunlight; vitamin

D regulates cellular signaling cascades which have
role in cell proliferation [32, 78].

Physical activity promotes anti-oxidant defense
which leads to reduced endogenous oxidative
stress and therefor more DNA repair and less DNA
injury [25, 123]. Physical activity reduces chromo-
somal instability, rearrangement and mutations in
genes which are involved in cancer development
such as p53 and K-ras [17]. Also physical activity
can alter expression of B-cell ymphoma-2-associ-
ated protein and apoptotic-regulating protein B-cell
lymphoma-2 [110].

Physical activity increases myokines which are re-
leased from muscles in response to activity and have

role in metabolism improvement and inflammatory
prevention (Table 1) [120].

Table 1. Biological mechanisms relating physical activity to digestive cancer risk

Risk Factor Mechanism Physical activity effect

Obesity Increase in insulin resistance, change in steroid metabolism Decrease

Body fat Adipokines secretion, insulin resistance Decreases

Leptin Promotion of angiogenesis, prevention of apoptosis, mitogenic effects exertion, |Decreases
prevention of adiponectin secretion

Adiponectin Prevention of angiogenesis, inhibition of inflammation, inhibition of mitogenesis | Increases

Insulin resistance Reduction in Insulin like growth factor 1 (IGF-1) binding protein, stimulation of | Decreases
sex hormones synthesis

IGF-1 binding protein | Binding to IGF-1, reduction in IGF-1 bioavailability Increases

IGF-1 Mitogenic effect exertion, prevention of apoptosis, reduction in p53 expression, | Decreases
stimulation of sex hormones synthesis

Sex hormone binding | Binding to sex hormones, reduction in sex hormones bioavailability Increases

protein

Sex hormones Increase in cell proliferation, change in immune system function Decreases

Vitamin D Regulation of cell proliferation signaling Increases

Immune system func- | Improvement in Immune cell function Increases

tion

Anti-tumor NK cells Eradication of Cancer cells Increases

function

IL-6 secretion Inhibition of Lipolysis, inhibition of adiponectin secretion Decreases

TNFa secretion Inhibition of Lipolysis, inhibition of adiponectin secretion, induction of inflamma- | Decreases
tion, promotion of cell proliferation

Inflammation Promotion of carcinogenesis, change in specific gene expression Decreases

Cyclooxygenase-2 Prostaglandin E2 generation Decreases

activity

Prostaglandin E2 Promotion of cell proliferation, promotion of cancer cell metastasis, Reduction in | Decreases
colon motility

Prostaglandin F2a Inhibition of cell proliferation, Increase in colon motility Increases

Colon motility Reduction in stool transit time, reduction in constipation risk Increases

Stool transit time Reduction in colonic carcinogen exposure, reduction in colonic bile acid exposure | Decreases

Anti-oxidant defense | Reduction in Oxidative stress Increases

Oxidative stress Cell injury, DNA mutations Decreases

Gene mutation Change in cancer promoter or SUppressor gene expression Decreases

Myokines Metabolism improvement, inhibition of inflammation Increases

Water intake Softening gut content, increase in stool transit time, dilution of carcinogens Increases
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CONCLUSION

A number of studies demonstrated that avoiding sed-
entary lifestyle and participating in physical activities
can be helpful in reducing the risk of cancers of the
digestive system. This effect seems to be most appar-
ent for colon and pancreatic cancers other than gastric
and esophageal cancers, but results for rectal cancers
are inconsistent. However, it is unknown which type
and intensity of physical activity is associated with a
protective effect against digestive system cancer.

Further studies with sufficient size, no bias, exact
physical activity assessment, considering different
types and intensities of physical activity, are needed
to explore the effects of physical activity on the re-
duction of cancer risk of the digestive system.
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