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Abstract

Background: Physical activity (PA) may have an impact on digestive-system cancer (DSC) by improving insulin sensitivity and anticancer

immune function and by reducing the exposure of the digestive tract to carcinogens by stimulating gastrointestinal motility, thus reducing transit

time. The current study aimed to determine the effect of PA on different types of DSC via a systematic review and meta-analysis.

Methods: In accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, we searched for

relevant studies in PubMed, Embase, Web of Science, Cochrane Library, and China National Knowledge Infrastructure. Using a random effects

model, the relationship between PA and different types of DSC was analyzed.

Results: The data used for meta-analysis were derived from 161 risk estimates in 47 studies involving 5,797,768 participants and 55,162 cases.

We assessed the pooled associations between high vs. low PA levels and the risk of DSC (risk ratio (RR) = 0.82, 95% confidence interval (95%CI):

0.79�0.85), colon cancer (RR = 0.81, 95%CI: 0.76�0.87), rectal cancer (RR = 0.88, 95%CI: 0.80�0.98), colorectal cancer (RR = 0.77, 95%CI:

0.69�0.85), gallbladder cancer (RR = 0.79, 95%CI: 0.64�0.98), gastric cancer (RR = 0.83, 95%CI: 0.76�0.91), liver cancer (RR = 0.73, 0.60�0.89),

oropharyngeal cancer (RR = 0.79, 95%CI: 0.72�0.87), and pancreatic cancer (RR = 0.85, 95%CI: 0.78�0.93). The findings were comparable

between case-control studies (RR = 0.73, 95%CI: 0.68�0.78) and prospective cohort studies (RR = 0.88, 95%CI: 0.80�0.91). The meta-analysis of 9

studies reporting low, moderate, and high PA levels, with 17 risk estimates, showed that compared to low PA, moderate PA may also reduce the risk

of DSC (RR = 0.89, 95%CI: 0.80�1.00), while compared to moderate PA, high PA seemed to slightly increase the risk of DSC, although the results

were not statistically significant (RR = 1.11, 95%CI: 0.94�1.32). In addition, limited evidence from 5 studies suggested that meeting the international

PA guidelines might not significantly reduce the risk of DSC (RR = 0.96, 95%CI: 0.91�1.02).

Conclusion: Compared to previous research, this systematic review has provided more comprehensive information about the inverse relationship

between PA and DSC risk. The updated evidence from the current meta-analysis indicates that a moderate-to-high PA level is a common protec-

tive factor that can significantly lower the overall risk of DSC. However, the reduction rate for specific cancers may vary. In addition, limited evi-

dence suggests that meeting the international PA guidelines might not significantly reduce the risk of DSC. Thus, future studies must be

conducted to determine the optimal dosage, frequency, intensity, and duration of PA required to reduce DSC risk effectively.
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1. Introduction intestine, and colorectum) and the digestive accessory organs
Digestive-system cancer (DSC) includes cancers of the

digestive tract (mouth, throat, oesophagus, stomach, small
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(pancreas, gallbladder, and liver).1,2 DSC, which is considered

a worldwide health problem, is the leading cause of cancer-

related deaths worldwide.3 In 2018, approximately 319,160

new cases and 160,820 DSC-related deaths were recorded in

the United States.4 In the past 20 years, colon, rectal, stomach,

and liver cancers were among the top 10 leading cancers

worldwide, and colorectal, liver, and stomach cancers

accounted for 920,000, 577,000, and 535,000 deaths,
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respectively.5 In addition, the 5-year survival rate of patients

with DSC is less than 20%.6 The high prevalence and risk of

death and poor prognosis underscore the need to identify possi-

ble measures in primary care that can prevent DSC.7

Research data have shown that healthy lifestyle habits,7

such as proper diet,8,9 smoking cessation,10,11 decrease in

body mass index,12,13 alcohol avoidance,14 prevention of

obesity,15,16 and increased physical activity (PA), may reduce

the risk of DSC. A significant body of evidence has revealed

that PA plays a crucial role in maintaining and enhancing

health status, particularly because the global epidemic of sed-

entary lifestyle is increasing. Moreover, good lifestyle habits

have been found to be an extremely effective and affordable

method for preventing and treating several noncommunicable

chronic diseases.17 In addition, 5 years ago, World Health

Organization reports showed a 7% decrease in overall cancer

risk, with DSC having the highest rate of reduction.18 The pro-

tective effect of PA against cancer may be mediated by

decreasing systemic inflammation, thereby leading to favor-

able immunomodulation.19

In the past decade, a series of epidemiological studies20�66 has

investigated the relationship between PA and the risk

of DSC, including colon cancer,23,24,26,28�30,37,41,43,47,52,54,56�58,63

rectal cancer,21,23�26,31,32,34,43,46,52,61 colorectal cancer,22,23,34,36,

37,39,46,49,52,53,59,63,64,67 oesophageal cancer,21,24,35,42,45,50,59,65 gall-

bladder cancer,27,65 gastric cancer,21,38,44,45,47,50,59,60,65 oropharyn-

geal cancer,24,31,51,55,65 liver cancer,24,27,47,65 and pancreatic

cancer.24�26,32,33,40,47�49,55,59,64�66

Some studies have shown that PA may reduce the risk of

certain types of digestive cancer, such as oesophagea,1 gas-

tric,21 colorectal,22 and liver cancer.23 However, systematic

reviews of DSC cancer were conducted 5 years ago,24�26 and

in that review, data on some DSCs, such as gallbladder, oral

cavity, and pharyngeal cancers were missing. Since that

time, a comprehensive study that provides more complete

information of the effect of PA on the risk of DSC has not

been undertaken. Therefore, we performed a comprehensive

meta-analysis of multiple studies27�72 in order to provide

and quantify updated data on the relationship between PA

and DSC risk.
2. Materials and methods

Ta g ge dPThe protocol for our review is available at http://www.crd.

york.ac.uk/PROSPERO/display_record.php?ID=CRD420181

04367.

2.1. Literature search

A meta-analysis was conducted in accordance with the Pre-

ferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) guidelines.73 To quantify the association

between PA and the risk of DSC, 2 authors (FX and JH) inde-

pendently searched for studies published between January

2008 and November 2018 that were cited in PubMed, Embase,

Web of Science, Cochrane Library, and China National

Knowledge Infrastructure. In case of disagreement between
the 2 authors, a final consensus was reached via team

discussion.

Studies were retrieved using medical subject headings com-

bined with entry terms. We used the following terms for PA:

“PA”, “Exercises”, “Activities, Physical”, “Activity, Phys-

ical”, “Physical Activities”, “Exercise, Physical”, “Exercises,

Physical”, “Physical Exercise”, “Physical Exercises”, “Acute

Exercise”, “Acute Exercises”, “Exercise, Acute”, “Exercises,

Acute”, “Exercise, Isometric”, “Exercises, Isometric”,

“Isometric Exercises”, “Isometric Exercise”, “Exercise, Aero-

bic”, “Aerobic Exercise”, “Aerobic Exercises”, “Exercises,

Aerobic”, “Exercise Training”, “Exercise Trainings”,

“Training, Exercise”, and “Trainings, Exercise”. Subse-

quently, we used the AND operator to combine these terms

with the following terms for DSC outcomes: “DSC”,

“Digestive System Neoplasm”, “Digestive System Neo-

plasms”, “Neoplasm, Digestive System”, “Neoplasms, Diges-

tive System”, “Cancer of Digestive System”, “DSCs”,

“Cancer, Digestive System”, and “Cancers, Digestive Sys-

tem”. Similarly, we used the AND operator to combine the PA

terms with mouth cancer, gastric cancer, pancreatic cancer,

gallbladder cancer, liver cancer, oesophageal cancer, small

intestine cancer, and colorectal cancer (Supplementary File 1).

The search strategy used was based on research articles

involving human subjects. An article was considered eligible

if the reported relative risk estimate was equivalent to the

corresponding 95% confidence interval (95%CI) or data.

Studies on DSC cancer survivors classified as reviews, meta-

analyses, editorials, letters, practice guides, and news were

excluded.

We defined PA based on the duration, domain, quality, fre-

quency, and category of activities. The duration of activity was

used to evaluate the time spent per week in PA. The assessment

of energy expenditure was expressed in weekly metabolic

equivalent tasks (METs). The quality of PA was based on the

following categories: low PA (<600 METs), moderate PA

(600�3000 METs), and high PA (>3000 METs).
2.2. Data extraction

To assess the possible differences in the relationship

between PA and DSC, we extracted the risk estimates from

each included study for each of the DSC subtypes, which

allowed all DSC cases to be considered. Specifically, for each

study, we obtained the last name of the first author, year of

publication, study location, sample size, case numbers, cancer

site, domains of PA, gender, timing of PA, high vs. low, high

vs. moderate, and moderate vs. low category of PA, risk

estimates (95%CI), and adjusted factors in each study.

Gender was considered an independent sample in this study.

Thus, the risk estimates for men and women were extracted

independently. If a study reported high, moderate, and low

domains of PA, data about the estimates of all domains were

collected.

Of the 47 studies that met the inclusion criteria,

seven36,47,53,57,63,64,69 reported risk estimates with high PA

levels, and they were considered the reference group.

http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42018104367
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Compared with other studies, we converted the relative risk

estimates (RRi) to their reciprocal values. The rest of the stud-

ies were extracted directly with reference to high PA levels.
2.3. Risk-of-bias assessment

We used the Newcastle-Ottawa Scale (NOS) for the assess-

ment of study quality, which was independently evaluated by

2 investigators (FX and JH). If there was a disagreement, the

3rd experienced investigator (FY) joined the discussion until a

consensus was reached. The total NOS score was 9, which was

suitable for evaluating case-control studies (selection, compa-

rability, and exposure) and cohort studies (selection, compara-

bility, and outcome). Studies with a quality score �4 were

categorized as low-quality studies, and those with a score of

�5 were categorized as high-quality studies.
2.4. Statistical analysis

The hazard ratios and odds ratios were presented as esti-

mates of the RRi for the measurement of the association

between PA and DSC risk. When RRi were available, we used

the adjusted risk estimates reported in the original literature.

Otherwise, the RRi and 95%CIs were calculated using Stata

software (Stata Corp, College Station, TX, USA). The natural

logarithms of the risk estimates log (RRi) were calculated on

the basis of corresponding standard error (SE): si = (log(upper

95%CI bound of RR)�log(RR))/1.96. A random effects model

was used to account for the log(RRi)s, which was weighted by

wi = 1/(si
2 + t2) (si = error of log (RRi), t2 = population vari-

ance).74 Q- and I2-statistics were used to assess heterogene-

ity.74 In addition, to examine any publication bias, we used

funnel plots, the Begg rank test,75 and the Egger regression

test.76 p was considered statistically significant at a 0.05 level.

In addition, to ensure the authenticity of publication, we per-

formed a sensitivity analysis using the trim-and-fill method, as

presented by Duval and Tweedie,77 to evaluate any publication

bias.
Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses
A sub-analysis was conducted to investigate whether the

summary risk estimate was affected by cancer site (colon, rec-

tum, colorectum, gallbladder, stomach, liver, pancreas, or oral

cavity and pharynx), PA level (high, moderate, or low), inter-

national PA guidelines (above or below 150 min/week or

600 METs-min/week or 10 METs-h/week), study design (pro-

spective, case control), gender (men, women), region of the study

(North America, Europe, Australia, Asia, or Middle East), PA

domain (recreational, occupational), timing for PA (recent, past,

or consistent PA), adjustment for smoking (yes, no), body mass

index (BMI) (yes, no), and alcohol intake (yes, no). To investigate

the impact of prespecified potentially influential methodological

factors on summary risk estimates, a random effects meta-analy-

sis regression was used to analyze all 161 risk estimates.

All statistical analyses were performed using Stata software

(Version 11.0; Stata). The RRs were reported along with

95%CI. The statistical significance was set at a 0.05 level.

3. Results

Our initial search identified 8322 articles, of which 2752

duplicates were excluded, and 5488 articles were further

excluded after browsing the titles and abstracts. The 82

remaining studies were assessed in depth. A total of 47 studies

were included in our final analysis (Fig. 1).

Supplementary Table 1 shows the main characteristics of the

161 risk factors in 28 prospective studies27,28,31,35�45,47,49�52,

55�57,59,61,63,66,68,70 and 19 case-control studies29,30,32�34,48,51,

53�55,58,60,62,64,65,67,69,71,72 that described the association between

PA and DSC risk. The studies evaluated 9 cancer sites, including

the colon,29,30,32,34�36,43,47,49,53,57,59,62�64,69 rectum,27,29�32,37,38,

40,49,52,57,67 colorectum,28,29,40,42,43,45,52,55,57,58,63,67,68,71

oesophagus,30,41,48,51,55,65,71, gallbladder,33,71 stomach,27,44,50,51,

53,55,65,66,71 oropharynx,30,37,56,61,71 liver,30,33,53,71 and

pancreas.30�32,38,39,46,53�55,60,65,70�72 This meta-analysis

included a total of 5,797,768 participants and 55,162 cases, and

23 studies examined more than 1 DSC endpoint. Moreover, 13

studies investigated more than 1 PA domain; 11 studies presented
(PRISMA) flow diagram of identification and selection of eligible studies.
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results stratified according to gender. A total of 24 studies

assessed recent PA, 10 studies collected information about past

PA, and 18 studies evaluated consistent PA over time. Smoking

status and BMI were adjusted in 33 and 30 studies, respectively.

We summarized 161 risk estimates using the random effects

model in 47 studies, and an 18% reduction was observed in

DSC risk for those with high PA levels compared to those with

low PA levels (RR = 0.82, 95%CI: 0.79�0.85), with moderate

between-study heterogeneity (I2 = 57%, p < 0.001 for hetero-

geneity across all studies), for colon cancer (RR = 0.81,

95%CI: 0.76�0.87), rectal cancer (RR = 0.88, 95%CI:

0.80�0.98), colorectal cancer (RR = 0.77, 95%CI:

0.69�0.85), gallbladder cancer (RR = 0.79, 95%CI:

0.64�0.98), gastric cancer (RR = 0.83, 95%CI: 0.76�0.91),

liver cancer (RR = 0.73, 95%CI: 0.60�0.89), oropharyngeal

cancer (RR = 0.79, 95%CI: 0.72�0.87), and pancreatic cancer

(RR = 0.85, 95%CI: 0.78�0.93). No statistically significant

association was observed between PA levels and oesophageal

cancer (RR = 0.84, 95%CI: 0.66�1.07) (Supplementary

Fig. 1). Publication bias was considered using the funnel plot

(Supplementary Fig. 2A), the Begg rank test (p = 0.216)

(Supplementary Fig. 2B), the Egger regression test (p = 0.024)

(Supplementary Fig. 2C), and the trim-and-fill method

(p < 0.001; Supplementary Fig. 2D).

We independently analyzed prospective and case-control

studies. A statistically significant inverse relationship was

found between PA level and DSC in prospective studies

(RR = 0.88, 95%CI: 0.80�0.91; I2 = 42.5%) and case-control

studies (RR = 0.73, 95%CI: 0.68�0.78; I2 = 49.2%). All differ-

ences had a p< 0.001 (Supplementary Fig. 3). In terms of gen-

der difference, the summary risk estimate of women

(RR = 0.85, 95%CI: 0.78�0.93, p < 0.001) was more likely to

be similar to that of men (RR = 0.84, 95%CI: 0.80�0.88,

p < 0.001) (Supplementary Fig. 4).

In terms of the effects of differing levels of PA on the risk

of DSC, the meta-analysis of 9 studies27,31,32,40,48,59�61,66

reporting low, moderate, and high PA levels, with 17 risk esti-

mates, showed that compared to low PA, moderate PA may

also reduce the risk of DSC (RR = 0.89, 95%CI: 0.80�1.00)

(Supplementary Fig. 5) and that compared to moderate PA, high

PA seemed to slightly increase the DSC risk, although the results

were not statistically significant (RR = 1.11, 95%CI: 0.94�1.32)

(Supplementary Fig. 6). In addition, limited evidence from 5

studies30,40,49,58,64 suggested that meeting the international PA

guidelines might not significantly reduce the risk of DSC

(RR = 0.96, 95%CI: 0.91�1.02), with high between-study

heterogeneity (I2 = 99.7%) (Supplementary Fig. 7).

The study quality is shown in Table 1. The average quality

score was 5.60 (SD = 0.83, median = 5.00). The included studies

had multiple potential confounders, such as smoking (39/47),

alcohol drinking (37/47), BMI (30/47), and family histories of

DSC (19/47). Most of the studies corrected for the symptoms of

DSC. Moreover, 18 studies included clear diagnoses and defini-

tions of DSC, and the overall evaluation score was more than 6,

which indicated high quality, according to the questionnaire sur-

vey. However, whether the case group was a continuous case

and whether it was representative were not discussed.
Table 2 presents the characteristics of the included studies

that assessed the relationship between DSC risk and differing

levels of PA (high vs. low PA level, moderate vs. low PA level,

and high vs. moderate PA level). There were 12 studies in

Asia,28,40,42�45,53,57,60,67,70,71 three in Australia,34,36,64 sixteen

in Europe,27,29,31,32,37,38,46,47,50�52,59,61,62,66,68 one in the Middle

East,41 and thirteen in North America;30,33,39,48,49,54�56,58,63,65,69,72

these yielded a total of 52, 12, 48, 2, and 47 risk estimates,

respectively. In the sub-analysis of DSC, previous PA

(RR = 0.86, 95%CI: 0.78�0.95; I2 = 40%), consistent PA over

time (RR = 0.77, 95%CI: 0.72�0.82; I 2 = 48%), and recent PA

(RR = 0.84, 95%CI: 0.80�0.88; I2 = 60%) significantly reduced

DSC risk. Similarly, the inverse relationship between cancer

and activity types in the PA domain was also statistically sig-

nificant, with variables including total activity (RR = 0.80,

95%CI: 0.75�0.86), recreational activity (RR = 0.82, 95%CI:

0.79�0.86), and occupational activity (RR = 0.85, 95%CI:

0.76�0.94). We pooled the findings from these studies and

found a significant difference in terms of the gender, geo-

graphic region of the study, BMI, smoking status, and alcohol

consumption after adjustment (p < 0.001).

4. Discussion

4.1. Association between PA and DSC risk

Because more people want exercise to be included in clini-

cal cancer care,78,79 the 2010 American College of Sports

Medicine International Multidisciplinary Roundtable recom-

mendations followed the 2008 Guidelines for Physical Activi-

ties of Adults with Chronic Illnesses, with a goal of at least

150 min/week of aerobic activity. This exercise recommenda-

tion is believed to be safe during and after cancer treatment

and can improve some health outcomes.80,81 In 2018, the

American College of Sports Medicine International Multidis-

ciplinary Roundtable on Physical Activity and Cancer Preven-

tion and Control was tasked with updating the

recommendations based on available evidence. One of the key

reviews focused on evidence from the exercise method, includ-

ing aerobic exercise, resistance exercise, and aerobic plus

resistance training, as it related to health outcomes.82 Thus,

our meta-analysis selected exercise patterns based on differing

levels of PA (high vs. low PA, moderate vs. low PA, and high

vs. moderate PA, as well as on meeting vs. not meeting the

international PA guidelines). We examined cancer risk accord-

ing to cancer site, geographic region, PA intensity, timing of

PA, and type of PA assessment. A random effects meta-analy-

sis of the association between PA and DSC was conducted,

and our results showed that PA is a protective factor in DSC

and that a high PA level was associated with a decrease in

DSC risk by 18%, which is consistent with a previous prospec-

tive study showing that PA can reduce the risk of DSC by at

least 17%.12 Specifically, our results regarding the significant

effects of PA on reducing the risk of DSC are consistent with

those from previous studies that have investigated the relation-

ship between PA and risk of a single type of DSC, such as

colon,83 rectal,84 colorectal,85 gastric,86 pancreatic,24 and liver

cancer.23 However, our results showed that the effect of PA on



Table 1

Quality of studies according to the Newcastle-Ottawa Scale.

Study Selection

(max score 4)

Comparability

(max score 2)

Exposure (case-control) or outcome

(cohort) (max score 3)

Prospective studies

Nunez et al. (2018)64 3 1 2

Wu et al. (2018)70 3 1 3

Kunzmann et al. (2018)27 2 1 2

Eaglehouse et al. (2017)40 1 2 2

Nomura et al. (2016)63 2 1 2

Mok et al. (2016)57 2 0 3

Keum et al. (2016)2 3 1 2

Aleksandrova et al. (2014)29 2 1 2

Morikawa et al. (2013)58 3 1 3

Arem et al. (2014)30 2 1 2

Behrens et al. (2013)33 3 0 2

Nakamura et al. (2011)60 1 2 2

Morrison et al. (2011)59 2 1 2

Heinen et al. (2011)46 3 1 3

Huerta et al. (2017)50 2 0 3

Wolin et al. (2010)69 3 2 1

Batty et al. (2010)32 3 2 1

Jiao et al. (2009)54 2 1 2

Leitzmann et al. (2009)55 2 2 1

Hermann et al. (2009)47 2 1 2

Batty et al. (2009)31 3 2 3

Sj€odahl et al. (2008)66 4 1 2

Calton et al. (2008)39 3 1 3

Howard et al. (2008)49 3 1 1

Inoue et al. (2008)53 3 1 2

Leitzmann et al. (2008)56 3 1 2

Yun et al. (2008)71 2 2 1

Nilsen et al. (2008)62 2 1 2

Case-control studies

Zhang et al. (2009)72 3 1 2

Parent et al. (2011)65 2 1 1

Nicolotti et al. (2011)61 3 1 2

Boyle et al. (2011)35 2 1 2

Boyle et al. (2011)36 2 1 2

Etemadi et al. (2012)41 3 0 2

Boyle et al. (2012)34 3 1 1

Tayyem et al. (2013)67 2 1 2

Brenner et al. (2014)38 3 1 1

Hang et al. (2015)45 4 1 2

Hilal et al. (2016)48 2 1 3

Golshiri et al. (2016)42 2 1 2

Aithal et al. (2017)28 2 1 2

Bravi et al. (2017)37 2 0 3

Huerta et al. (2017)50 3 1 2

Ib�a~nez-Sanz et al. (2017)52 3 1 2

Turati et al. (2017)68 2 1 3

Gunathilake et al. (2018)43 3 1 1

Gunathilake et al. (2018)44 2 1 2

8 F. Xie et al.
colorectal,85 liver,23 and pancreatic cancer24 yielded a more

pronounced risk reduction, whereas there was less risk reduc-

tion with increased PA for the other DSCs, such as colon,83

gastric,86 and oesophageal cancer.26 More important, our study

is the first to report that PA has an effect on the risk of gall-

bladder cancer and oral cavity and pharyngeal cancer, with a

risk reduction of 21%.

In addition to the finding that a high PA level was associ-

ated with a decrease in DSC risk, our study also assessed the

association between different levels of PA and DSC risk. Our
results indicated that compared to low PA, moderate PA may

also effectively reduce the risk of DSC. However, compared to

moderate PA, high PA seemed to slightly increase the DSC

risk, although the results were not statistically significant.

Some evidence has suggested that high-intensity PA may have

a negative effect on the human immune system.87 Therefore,

intensified PA may suppress the immune system’s ability to

detect and destroy DSC-related malignant cells. Furthermore,

our findings, based on a limited number of studies, suggested

that meeting the international PA guidelines might not



Table 2

Summary risk estimates of high vs. low physical activity (PA), stratified by selected characteristics.

Stratification variable Number of risk

estimates included

Relative risk (95% confidence interval)

for high vs. low PA

I2 (%) p

Total digestive-system cancer 161 0.82 (0.79�0.85) 57 <0.001

Cancer site

Colon cancer 33 0.81 (0.76�0.81) 41 <0.001

Rectal cancer 24 0.88 (0.80�0.98) 47

Colorectal cancer 23 0.77 (0.69�0.85) 82

Gallbladder cancer 2 0.79 (0.64�0.98) 0

Gastric cancer 17 0.83 (0.76�0.91) 33

Liver cancer 5 0.73 (0.60�0.89) 56

Oral cavity and pharynx cancer 11 0.79 (0.72�0.87) 32

Pancreas cancer 33 0.85 (0.78�0.93) 45

Esophagus cancer 13 0.84 (0.66�1.07) 62

Study design

Prospective studies 98 0.88 (0.85�0.91) 43 <0.001

Case-control studies 63 0.73 (0.68�0.78) 49

Gendera

Men 63 0.84 (0.80�0.88) 41 <0.001

Women 38 0.85 (0.78�0.93) 51

Study geographic region

Asia 52 0.75 (0.69�0.81) 67 <0.001

Europe 48 0.85 (0.81�0.90) 54

Australia 12 0.77 (0.69�0.87) 0

Middle East 2 0.20 (0.01�3.07) 80

North America 47 0.86 (0.81�0.93) 43

PA domain

Total activity 34 0.80 (0.75�0.86) 41 <0.001

Recreational activity 107 0.82 (0.79�0.86) 65

Occupational activity 20 0.85 (0.76�0.94) 0

Timing in life of PA

Recent 76 0.84 (0.80�0.88) 60 <0.001

Consistent over time 59 0.77 (0.72�0.82) 48

Past 26 0.86 (0.78�0.95) 40

Adjustment for body mass index

Adjusted 120 0.82 (0.79�0.86) 59 <0.001

Not adjusted 41 0.80 (0.74�0.87) 49

Adjustment for smoking

Adjusted 139 0.83 (0.80�0.86) 49 <0.001

Not adjusted 22 0.77 (0.69�0.87) 76

Adjustment for alcohol

Adjusted 115 0.84 (0.81�0.87) 50 <0.001

Not adjusted 46 0.77 (0.71�0.84) 63

Note: The p value for difference across strata of selected characteristics was estimated from random effects meta-regression comparing a model that included the

stratification variable with the null model that did not include the stratification variable.
a Studies that include both men and women were not considered for subgroup analysis.
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significantly reduce the risk of DSC. Our finding is inconsis-

tent with other research, where meeting or exceeding PA

guidelines was found to be associated with lowered cancer

risk.88 This may be because the sample size of our included

studies was small and between-study heterogeneity was

high (I2 = 99.7%). Therefore, future studies should deter-

mine the optimal level of PA required to reduce DSC risk

effectively.

In our review, there was strong evidence showing that the

association between PA and DSC risk varied according to the

study’s design, the gender of the participants, the geographic

region in which the study was conducted, the PA intensity, the

timing of PA, the type of PA assessment, and the adjustment

factors (such as smoking, BMI, and alcohol). The influence of

these factors was examined in a previous meta-analysis of PA
and prostate,89 gastric,86 and gastroesophageal cancer.20 The

findings in those studies were similar to ours in that a statisti-

cally significant association was found between study design89

and gender86 as well as PA domain.20 In addition, we exam-

ined whether smoking, BMI, and alcohol mediated the inverse

relationship between PA and risk of DSC by comparing risk

estimates that accounted for these factors to those without

those factors. Notably, the inverse association between PA and

DSC was not attenuated when the meta-analysis was restricted

only to datasets adjusted for smoking, BMI, and alcohol con-

sumption, which is in accordance with a previous meta-analy-

sis of PA and pancreatic cancer.24 Our results indicate that the

biological mechanisms by which PA decreases the risk of

DSC are not strictly regulated by smoking, BMI, or alcohol

control.
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In our review, the inverse association between PA and DSC

was slightly more evident in men than in women, and the treat-

ment of DSC significantly differed in terms of gender. One

possible explanation for this finding is that men had higher

family communication scores than women, and men were

more likely not to talk about their negative symptoms, such as

side effects or relapses, during the quantitative phase.90 This

condition may indicate a relationship between gender and role

because negative symptoms can significantly affect the physi-

cal status and survival rates of patients.91

4.2. Biological mechanisms

The molecular pathophysiology of DSC implies an inflam-

matory mechanism, which involves the interaction among var-

ious inflammatory cells, immune cells, proinflammatory

mediators, cytokines, and chemokines, and this may lead to

signaling toward tumor cell proliferation and growth.91 The

findings in the present study can be explained by some biologi-

cal mechanisms, such as increased estrogen and testosterone

levels,92 enhanced anti-oxidant defences, decreased circulating

insulin levels,93 reduced exposure of the digestive tract to car-

cinogens,93 and increased plasma 25-hydroxy vitamin D lev-

els.94 In addition, PA may have an impact on DSC via the pro-

inflammatory pathway, which is mediated by reducing the

cyclooxygenase-2 inflammatory response.95�97 The exact

mechanisms underlying the association between high PA level

and reduced DSC risk still have not been fully elucidated.

However, PA is believed to improve the number or the func-

tion of natural killer cells.97

The consistency of risk reduction in all types of DSC

observed in our study indicates that PA is a common protective

factor for these cancers. DSCs have common risk factors, even

though they have distinct etiologies, and this result is sup-

ported by studies showing that some factors, such as smoking

1�10 cigarettes per day over a lifetime,98 alcohol intake,99�101

excessive food intake,102�104 and the use of aspirin/non-steroi-

dal anti-inflammatory drugs105�107 are correlated with an

increased risk of developing DSC by up to 2.34 times. Thus,

all these factors are positively correlated with DSC and its sub-

types.

4.3. Strengths and limitations

One novel aspect of our study is that we used the known

varieties of DSCs in our meta-analysis of the association

between differing levels of PA and DSC risk. Another strength

is that a large sample size was used. Thus, an extensive infor-

mation sub-analysis was performed. Moreover, stratification

according to the subtypes of DSC, study design, PA domain,

gender, and geographic region, as well as adjustment for BMI,

smoking, and alcohol intake, was performed. Thus, the results

of our study may be more informative and robust than those of

a small-scale study based on a specific DSC.

A limitation of our study is that the category of PA groups

covered significant variations in PA volume. Specifically, sev-

eral studies do not have a moderate PA classification, and

most were classified as active PA or inactive PA, with or
without PA, and possible and impossible PA. Such variations

did not allow us to identify the specific types and intensity of

PA that might affect its impact on DSC risk. Another limita-

tion was that information about the stage of DSCs could not be

extracted. Thus, it could not be determined what effects PA

may have to prevent DSC from developing to the next stage.

5. Conclusion

Our systematic review has provided additional comprehen-

sive information about the inverse relationship between PA

and DSC risk. The updated evidence from our meta-analysis

indicates that a moderate-to-high PA level is a common pro-

tective factor that can significantly lower the overall risk of

DSC. However, the reduction rate for specific cancers may

vary. In addition, limited evidence suggests that meeting the

international PA guidelines might not significantly reduce the

risk of DSC. Thus, future studies should be conducted in order

to determine the optimal dosage, frequency, intensity, and

duration of PA that can reduce the risk of DSC.
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