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Abstract Physical activity may decrease gastroesophageal
cancer risk through a reduction of oxidative stress and
decreased chronic inflammation, yet few epidemiologic
studies have been able to report a clear inverse association
between physical activity and gastroesophageal cancer.
Because no meta-analysis has investigated the relation of
physical activity to gastroesophageal cancer, we conducted a
comprehensive systematic review and meta-analysis accord-
ing to the PRISMA guidelines based on 24 studies with a total
of 15,745 cases. When we compared high versus low physical
activity levels and summarized associations according to
anatomic site and tumor histology, risk reductions were evi-

dent for esophageal adenocarcinoma [relative risk
(RR) = 0.79, 95 % confidence interval (CI) = 0.66-0.94],
gastric cardia adenocarcinoma (RR =0.83, 95 %

CI = 0.69-0.99) and gastric non-cardia adenocarcinoma
(RR = 0.72, 95 % CI = 0.62-0.84). The risk reduction for
esophageal squamous cell carcinoma (RR = 0.94, 95 %
CI = 0.41-2.16) became statistically significant (RR = 0.66,
95 % CI = 0.46-0.96) after excluding an influential study.
The test for heterogeneity by gastroesophageal cancer subtype
was statistically non-significant (p-difference = 0.71). The
RR of total gastroesophageal cancer for high versus low
physical activity was 0.82 (95 % CI = 0.74-0.90). A dose—
response analysis of frequency of physical activity and total
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gastroesophageal cancer risk revealed that the greatest risk
reduction was achieved among those engaging in moderate to
vigorous physical activity five times per week (RR = 0.67,
95 % CI = 0.58-0.79). Our results provide support for an
inverse relation of physical activity, in particular exercise
frequency, to gastroesophageal cancer risk.
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cancer - Meta-analysis

Introduction

Gastroesophageal cancers occur at a rate of approximately
one million cases of gastric cancer and half a million cases
of esophageal cancer each year and they represent the
fourth and sixth leading cancer sites, respectively [1].
Gastric and esophageal cancers show poor 5-year survival
rates of 28 and 17 %, respectively [2]. Esophageal ade-
nocarcinoma is one of the most rapidly growing cancers in
the United States [3-5], Europe [5], and Australia [5]. The
poor prognosis of gastroesophageal cancers and the rapid
increase in esophageal adenocarcinomas emphasize the
need to identify potential measures for the primary pre-
vention of gastroesophageal cancers, in particular esopha-
geal adenocarcinomas.

Recent studies concluded that smoking cessation [6, 7],
alcohol avoidance [8, 9], a healthy diet [10-13], and
obesity and diabetes prevention [14—16] may prevent gas-
troesophageal cancer. Because physical activity is closely
associated with those lifestyle factors, particularly with
obesity and diabetes, physical activity may plausibly be
linked to decreased risk of gastroesophageal cancer.
However, the epidemiologic literature regarding a protec-
tive effect of physical activity is mixed, with five [17-21]
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of twelve studies [17-28] showing an inverse association
between physical activity and esophageal cancer and eight
[17,23,24,27,29-32] of 21 studies [17-19, 22-27, 29-40]
yielding an inverse relation to gastric cancer.

Gastroesophageal cancers show distinct etiologies
according to their anatomic site and tumor histologic type
[41, 42], suggesting potential differences in their relations
with physical activity. However, the associations between
physical activity and gastroesophageal cancers according
to anatomic site and tumor histologic type have not been
comprehensively quantified in a meta-analysis. We there-
fore conducted a systematic review and meta-analysis of
physical activity in relation to gastroesophageal cancers,
examining potential variation by anatomic site and tumor
histology. A further goal was to perform an exploratory
dose-response meta-analysis in a first attempt to produce a
physical activity recommendation for the primary preven-
tion of gastroesophageal cancers.

Methods
Literature search

Our systematic review and meta-analysis followed the
guidelines concerning preferred reporting items for sys-
tematic reviews and meta-analyses (PRISMA) [43]. Two
authors (G.B. and M.F.L.) comprehensively searched the
literature using PubMed (see Supplemental Material for
PubMed search options) and Web of Science to identify
published non-ecologic epidemiologic studies quantifying
the relation between physical activity and gastroesophageal
cancer incidence or mortality. We disregarded studies of
cancer survivors. Our search was complemented by a scan of
the reference lists of the identified studies. We considered all
human research articles published in English through mid
December 2013 not classified as review, meta-analysis,
editorial, comment, letter, practice guideline, or news.
Articles were eligible if they reported a relative risk estimate
with a corresponding 95 % confidence interval (CI) or suf-
ficient data to calculate them and if they accounted for age
and, if applicable, for sex as potential confounding factors.
Our search strategy included the terms physical activity,
exercise, cardiorespiratory fitness, cardiovascular fitness,
lifestyle, stomach cancer, stomach carcinoma, gastric can-
cer, gastric carcinoma, esophageal cancer, esophageal car-
cinoma, cancer, risk, incidence, and mortality (see
Supplemental Material for Boolean PubMed search terms).
That search yielded 2,209 articles. Ineligible articles were
eliminated after screening titles and abstracts (n = 2,139) or
full manuscripts (n = 47). Of the 23 remaining studies
[17-19, 22-27, 29, 31-40, 44-46], two [44, 45] were
removed because they were updated in a subsequent analysis
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[33] and one mortality study [46] was excluded because
incidence data [24] from the same cohort were available.
Three additional studies were found by manual search in the
Web of Science [20, 21, 28] and one study [30] was found in
the reference lists of the identified studies. Thus, a total of 24
studies [17—40] were included in the meta-analysis.

Data extraction

To assess potential differences in physical activity relations
according to tumor histologic type and cancer anatomic
site, we preferably extracted risk estimates for gastro-
esophageal cancer subtypes even if that meant that not all
cancer cases could be considered. Specifically, we were
unable to include 99 gastric cancers with an unspecified
subsite from one study [23], for which no relative risks
were reported. Also, we did not include the 49 gastric
cardia cancers from another study [38] because risk esti-
mates were unavailable for those cases. We extracted risk
estimates for men and women separately whenever possi-
ble because men and women were considered independent
samples. If studies reported on more than one physical
activity domain, estimates for all domains were collected.
With respect to different types of physical activity assess-
ments, preference was given for assessments of lifelong
physical activity, for assessments of vigorous physical
activity, for the most comprehensive physical activity
assessment, and for quantitative physical activity assess-
ments. When there was a choice among quantitative
physical activity assessments, we used frequency of phys-
ical activity because that was the most common quantita-
tive physical activity component measured.

Study quality score

Two previous systematic reviews on physical activity and
cancer [47, 48] found that the study quality as assessed by a
score proposed by Monninkhof et al. [47] affected the
summary risk estimates. Thus, we employed that quality
score to assess whether selection bias, misclassification, or
confounding affected the summary risk estimates. In
addition, we rated the degree of control for confounding by
awarding points for including smoking, adiposity, and
alcohol intake as major adjustment factors in the multi-
variate models of the underlying studies.

Random effects meta-analysis

The odds ratios and hazard ratios presented in individual studies
were interpreted as relative risk estimates (RR;). These were
log-transformed to log(RR;) and their corresponding standard
errors were computed as s; = di/1.96, with d; representing the
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maximum of [log(upper 95 % CI bound of RR;) — log(RR;)]
and [(log(RR;) — log(lower 95 % CI bound of RR;)] to take
into account that the log-transformed 95 % confidence interval
from one study [21] was not centred at the corresponding log-
transformed relative risk. We employed a random effects model
using the weighted average of the log(RR;) expressed as
W = 1/(si2 + t2), where s; represented the standard error of
log(RR;) and t* represented the restricted maximum likelihood
estimate of the overall variance. Heterogeneity of the risk
estimates was assessed using the Q- and the Z-statistics [49].
Publication bias was tested using funnel plot diagnostics,
Begg’s test [50], and Egger’s test [51].

Stratified analyses

We investigated whether the summary risk estimate was
affected by cancer major anatomic site (esophageal cancer,
gastric cancer), histologic type (esophageal squamous cell
carcinoma, esophageal adenocarcinoma), and anatomic sub-
site (gastric cardia adenocarcinoma, gastric non-cardia ade-
nocarcinoma). We also examined potential differences
according to study design (cohort, case—control), study quality
score (tertiles), gender (men, women), study geographic
region (North America, Europe, Australia, Asia), physical
activity domain (recreational, occupational), timing in life of
physical activity (recent past physical activity, distant past
physical activity, consistent physical activity over time),
physical activity assessment (assessment of energy expendi-
ture, assessment of activity duration, assessment of activity
frequency, and qualitative physical activity assessments using
descriptive categories such as ‘sedentary’, ‘light’, ‘moderate’,
or ‘high’ physical activity), and adjustments for smoking (yes,
no), adiposity (yes, no), and alcohol intake (yes, no).

Sensitivity analyses

In order to investigate whether our summary risk estimate
was affected by the inclusion of multiple risk estimates
from a given study, we conducted a sensitivity analysis that
included only one risk estimate per gender from each
study, choosing the risk estimate with the highest quality
score and the gastroesophageal cancer endpoint with the
largest number of cases. We conducted a further sensitivity
analysis in which we omitted one study at a time from the
analysis to examine whether results were affected by an
individual study. Because studies used heterogeneous def-
initions of exposure and reference levels of physical
activity, we investigated whether the summary risk esti-
mate changed if the meta-analysis was restricted to studies
with comparable definitions of exposure and reference
categories. We also tested whether restriction to studies of

gastroesophageal cancer incidence changed the summary
risk estimate.

Non-linear dose-response meta-analysis

Most studies [17, 19, 24, 29, 30, 32, 34, 38-40] based on
quantitative physical activity assessments examined the
association between frequency of moderate to vigorous
recreational physical activity and gastroesophageal cancer
risk. Five of those studies [24, 29, 32, 34, 38] provided
sufficient information to be included in a non-linear dose—
response meta-analysis [52].

All statistical analyses were performed in R [53] using the
R-packages ‘metafor’ [54] and ‘mvmeta’ [55]. Risk esti-
mates are reported with 95 % confidence intervals. Statisti-
cal significance was based on the 5 % significance level.

Results
Study characteristics

Table 1 presents the main characteristics of the nine cohort
and 15 (non-nested) case—control studies of physical
activity and gastroesophageal cancer included in the meta-
analysis. Those studies comprised a total of 15,745 cases.
Ten studies [17-19, 22-27, 29] examined more than one
gastroesophageal endpoint, four studies [19, 23, 37, 39]
investigated more than one physical activity domain, four
studies [17, 20, 25, 31] presented results stratified by
gender, one study [29] presented results stratified by geo-
graphic region, and one study [30] reported results strati-
fied by family history of gastric cancer. Thus, the 24
studies reported 61 individual risk estimates.

All cohort studies examining recent past physical
activity in relation to gastroesophageal cancer assessed the
usual level of physical activity at baseline [23, 24, 26, 27,
31, 33, 37, 38], whereas case—control studies queried about
physical activity performed at cancer incidence [18, 21, 22,
28, 34, 35, 39, 40], one year [32] or 2 years [29] before
cancer incidence or before symptoms appeared [30]. By
comparison, studies investigating distant past physical
activity inquired about the level of physical activity ten or
more years prior to baseline [36] (cohort study) or cancer
incidence [17, 19, 20] (case—control studies).

Main analysis
We summarized associations according to gastroesophageal

cancer anatomic site and histology (Fig. 1). High levels of
physical activity showed statistically significant inverse
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relations to gastric non-cardia adenocarcinoma (RR = 0.72,
95 % CI = 0.62-0.84), gastric cardia adenocarcinoma
(RR = 0.83, 95 % CI = 0.69-0.99), and esophageal adeno-
carcinoma (RR = 0.79, 95 % CI = 0.66-0.94). No statisti-
cally significant association was observed for esophageal
squamous cell carcinoma (RR = 0.94, 95 %
CI = 0.41-2.16). No overall differences in the relations of
physical activity to esophageal squamous cell carcinoma,
esophageal adenocarcinoma, gastric cardia adenocarcinoma,
and gastric non-cardia adenocarcinoma were observed (p-
difference = 0.71). Similarly, comparing the relation of
physical activity to esophageal adenocarcinoma with that to
esophageal squamous cell carcinoma (p-difference = 0.61)
and comparing the relation of physical activity to gastric non-
cardia adenocarcinoma with that to gastric cardia adenocar-
cinoma (p-difference = 0.26) revealed no statistically sig-
nificant differences.

Combining all 61 risk estimates in a random effects
model, we observed a statistically significant 18 % reduc-
tion in gastroesophageal cancer risk when comparing high
versus low levels of physical activity (RR = 0.82, 95 %
CI = 0.74-0.90). A funnel plot (supplementary Figure S1),
Begg’s test (p = 0.95), and Egger’s test (p = 0.19) sug-
gested no publication bias. The funnel plot, though, iden-
tified one extreme risk estimate [28]. We detected
statistically significant heterogeneity between studies
(I> = 76 %, p-heterogeneity < 0.001).

Stratified analyses

The relation of physical activity to gastroesophageal cancer
was statistically significantly inverse in case—control stud-
ies (RR = 0.77, 95 % CI = 0.67-0.89), whereas it was
statistically non-significant in cohort studies (RR = 0.89,
95 % CI = 0.78-1.01; p-difference = 0.18, Fig. 2).

A direct comparison between women and men revealed a
stronger inverse association between physical activity and
gastroesophageal cancer in women (RR = 0.60, 95 % CI =
0.48-0.73) than men (RR = 0.87, 95 % CI = 0.77-0.98; p-
difference = 0.01) (Fig. 3), but modelling the effect of gender
did not materially attenuate between-study heterogeneity
(I2 = 72 %, p-heterogeneity < 0.001). In contrast, no statisti-
cally significant differences in relations were observed for study
quality score, study geographic region, physical activity
domain, timing in life of physical activity, physical activity
assessment, and adjustments for smoking, adiposity, or alcohol
intake (all p-difference > 0.05) (Table 2).

In sub-analyses of total esophageal cancer (supplemen-
tary Table S1), the relations of distant past physical activity
(RR = 0.53, 95 % CI = 0.42-0.67) and consistent physi-
cal activity over time (RR = 0.68, 95 % CI = 0.51-0.91)
were statistically significant inverse, while that of recent

@ Springer

past physical activity was not (RR = 1.01, 95 %
CI = 0.70-1.47; p-difference = 0.04).

Sub-analyses examining the relation of physical activity
to total gastric cancer (supplementary Table S2) revealed
that the inverse association was statistically significant in
case—control studies (RR = 0.77, 95 % CI = 0.72-0.82)
but not in cohort studies (RR = 0.90,95 % CI = 0.76-1.06;
p-difference = 0.04). Similarly, the inverse association of
physical activity to gastric cancer was statistically non-sig-
nificant in men (RR = 0.95, 95 % CI = 0.84-1.08) but it
was statistically significant in women (RR = 0.64, 95 %
CI = 0.50-0.84; p-difference = 0.02).

Sensitivity analyses

In a sensitivity analysis, we generated a summary risk esti-
mate that included only one risk estimate per study and
gender, using the risk estimate with the highest quality score
for the gastroesophageal cancer endpoint with the largest
number of cases. The 30 selected risk estimates are printed in
bold in Table 1. We found no difference between that sum-
mary risk estimate (RR = 0.82, 95 % CI = 0.70-0.95) and
our summary risk estimate from the main analysis
(RR = 0.82,95 % CI = 0.74-0.90; p-difference = 0.96).
We tested for influential studies by removing one study at
a time from the meta-analysis and observed no material
differences in the summary risk estimates for total gastro-
esophageal cancer, for total esophageal cancer or for total
gastric cancer. Similarly, we observed no material changes in
the modifying effects of study design and gender on the
physical activity and gastroesophageal cancer relation. After
excluding the study by Dar et al. [28] from the main analysis,
the previously observed between-study heterogeneity was
substantially  attenuated (I> = 51 %, p-heterogene-
ity < 0.001) and the inverse association between physical
activity and esophageal squamous cell carcinoma became
statistically significant (RR = 0.66, 95 % CI = 0.46-0.96).
After additionally including terms for study design and
gender in the model, the heterogeneity between studies was
no longer apparent (I = 0 %, p-heterogeneity = 0.08).
We identified four studies [23, 24, 32, 34] of recrea-
tional physical activity and gastroesophageal cancer whose
exposure and reference levels could be considered com-
parable. Those studies compared participants engaging in
2 h per week or more of recreational physical activity with
those not regularly engaging in recreational physical
activity. The summary risk estimate combining those
studies (RR = 0.79, 95 % CI = 0.69-0.91) did not statis-
tically significantly differ from the risk estimate that was
based on all studies of recreational physical activity
(RR = 0.78, 95 % CI = 0.72-0.85; p-difference = 0.97)
or from the risk estimate from our main analysis
(RR = 0.82, 95 % CI = 0.74-0.90; p-difference = 0.80).
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Authors, year, physical activity domain, gender RR (95% CI)

Esophageal cancer
E cell
Etemadi et al., 2012, occupational activity, women
Etemadi et al., 2012, occupational activity, men
Ibiebele et al., 2012, recreational activity, men and women
Jessri et al., 2011, total activity, men and women
Leitzmann et al., 2009, recreational activity, men and women
Dar et al., 2013, occupational activity, men and women
Random effects model for esophageal squamous cell carcinoma

0.30 (0.12, 0.77)
053 (0.26, 1.11)
0.65 (0.47, 0.91)
0.93 (0.25, 0.96)
1.05 (0.64, 1.74)
5.65 (3.49, 9.12)
0.94 (0.41,2.16)

Esophageal adenocarcinoma
Vigen et al., 2006, occupational activity, women
Huerta et al., 2010, recreational activity, men and women
Leitzmann et al., 2009, recreational activity, men and women
Vigen et al., 2006, occupational activity, men
Ibiebele et al., 2012, recreational activity, men and women
Huerta et al., 2010, occupational activity, men and women
Huerta et al., 2010, total activity, men and women

Random effects model for esophageal adenocarcinoma

0.35 (0.04, 3.15)
0.72 (0.36, 1.42)
0.75 (0.53, 1.06)
0.77 (0.54, 1.08)
0.81 (058, 1.12)
0.95 (0.41, 2.20)
0.98 (0.48, 2.01)
0.79 (0.66, 0.94)

E cancer, type
Wannamethee et al., 2001, recreational activity, men
Lam et al., 2004, recreational activity, women
Parent et al., 2011, recreational activity, men
Parent et al., 2011, total activity, men
Lam et al., 2004, recreational activity, men
Parent et al., 2011, occupational activity, men
Yun et al., 2008, recreational activity, men
Brownson et al., 1991, occupational activity, men
Random effects model for esophageal cancer, type unspecified

Random effects model for total esophageal cancer

0.46 (0.1, 1.90)
0.52 (0.28, 0.97)
0.54 (0.30, 0.97)
0.54 (0.31, 0.93)
0.57 (0.41, 0.80)
0.66 (0.23, 1.88)
0.84 (0.66, 1.06)
1.43 (0.71, 3.33)
0.67 (0.53, 0.85)

0.79 (0.60, 1.02)

Esophago-gastric junction adenocarcinoma

Ibiebele et al., 2012, recreational activity, men and women 0.92 (0.67, 1.26)

Gastric cancer
Gastric cardia adenocarcinoma
Vigen et al., 2006, occupational activity, women
Campbell et al., 2007, Ontario sample, recreational activity, men and women
Huerta et al., 2010, occupational activity, men and women
Vigen et al., 2006, occupational activity, men
Leitzmann et al., 2009, recreational activity, men and women
Huerta et al., 2010, total activity, men and women
Huerta et al., 2010, recreational activity, men and women
Random effects model for gastric cardia adenocarcinoma

0.30 (0.07, 1.40)
0.60 (0.34, 1.07)
0.70 (0.33, 1.48)
0.81 (058, 1.11)
0.83 (0.58, 1.19)
1.05 (0.59, 1.86)
1.14 (0.68, 1.91)
0.83 (0.69, 0.99)

Gastric non-cardia adenocarcinoma
Huerta et al., 2010, total activity, men and women
Leitzmann et al., 2009, recreational activity, men and women
Sjodahl et al., 2008, recreational activity, men and women
Campbell et al., 2007, Ontario sample, recreational activity, men and women
Vigen et al., 2006, occupational activity, men
Huerta et al., 2010, occupational activity, men and women
Huerta et al., 2010, recreational activity, men and women
Vigen et al., 2006, occupational activity, women
Random effects model for gastric non-cardia adenocarcinoma

0.44 (0.26, 0.74)
0.62 (0.44, 0.87)
0.70 (0.50, 1.00)
0.73 (0.50, 1.07)
0.77 (055, 1.07)
0.82 (0.44, 1.52)
0.98 (0.60, 1.60)
1.07 (0.59, 1.91)
0.72 (0.62, 0.84)

Gastric adenocarcinoma, subsite unspecified
Suwanrungruang et al., 2008, occupational activity, men and women
Lam et al., 2004, recreational activity, women
Wannamethee et al., 2001, recreational activity, men
Inoue et al., 2008, total activity, women
Batty et al., 2010, recreational activity, men
Campbell et al., 2007, non-Ontario sample, recreational activity, men and women
Parent et al., 2011, occupational activity, men
Wen et al., 2010, recreational activity, men and women
Suwanrungruang et al., 2008, recreational activity, men and women
Brownson et al., 1991, occupational activity, men 0.71(0.45, 1.11)
Huang et al., 2004, family history of gastric cancer, recreational activity, men and women —: 0.71 (0.57, 0.89)
Lam et al., 2004, recreational activity, men |—-—| 0.76 (0.60, 0.96)
Huang et al., 2004, no family history of gastric cancer, recreational activity, men and women - 0.79 (0.70, 0.89)
Dosemeci et al., 1993, occupational activity, men - 0.91 (0.59, 1.67)
Yun et al., 2008, recreational activity, men 0.91 (0.86, 0.98)
Parent et al., 2011, total activity, men 0.93 (0.67, 1.31)
Watabe et al., 1998, recreational activity, men and women 0.94 (0.68, 1.32)
Boccia et al., 2005, recreational activity, men and women 0.97 (0.45, 2.09)
Inoue et al., 2008, total activity, men 1.04 (0.84, 1.29)
Paffenbarger et al., 1987, recreational activity, men 1.05 (0.50, 2.21)
Parent et al., 2011, recreational activity, men 1.09 (0.76, 1.54)
Severson et al., 1989, total activity, men 1.34 (0.92, 1.95)
Severson et al., 1989, recreational activity, men 1.45(1.07,1.97)
Severson et al., 1989, occupational activity, men 1.74 (1.08, 2.81)
Random effects model for gastric adenocarcinoma, subsite unspecified 0.86 (0.76, 0.96)
Random effects model for total gastric cancer 0.82 (0.76, 0.90)

052 (0.23,1.17)
0.57 (0.41,0.78)
0.60 (0.14, 2.47)
0.63 (0.42, 0.94)
0.65 (0.38, 1.14)
0.67 (0.53, 0.86)
0.68 (0.35, 1.32)
0.69 (0.51, 0.99)
0.70 (0.33, 1.33)

Random effects model for total gastroesophageal cancer 0.82 (0.74, 0.90)

T T T
0.1 0.5 1.0 2.0 10.0
Relative risk (log scale)

Fig. 1 Forest plot of a random effects meta-analysis including 61 risk estimates of gastroesophageal cancer for a high versus low level of
physical activity, grouped by anatomic site and histologic type. RR relative risk, CI confidence interval
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Authors, year, cancer site and type, physical activity domain, gender

RR (95% CI)

Cohort studies

Huerta et al., 2010, GNCA, total activity, men and women —
Wannamethee et al., 2001, EC, type unspecified, recreational activity, men !

Wannamethee et al., 2001, GA, subsite unspecified, recreational activity, men | |

Leitzmann et al., 2009, GNCA, recreational activity, men and women |—-—|

Inoue et al., 2008, GA, subsite unspecified, total activity, women |—|

Batty et al., 2010, GA, subsite unspecified, recreational activity, men |—-|

Huerta et al., 2010, GCA, occupational activity, men and women |—-——|

Sjédahl et al., 2008, GNCA, recreational activity, men and women —

Huerta et al., 2010, EA, recreational activity, men and women |—|

Leitzmann et al., 2009, EA, recreational activity, men and women |—|

Huerta et al., 2010, GNCA, occupational activity, men and women |——|

Leitzmann et al., 2009, GCA, recreational activity, men and women |—-—|

Yun et al., 2008, EC, type unspecified, recreational activity, men -

Yun et al., 2008, GA, subsite unspecified, recreational activity, men h[

Huerta et al., 2010, EA, occupational activity, men and women |—-.—|

Huerta et al., 2010, GNCA, recreational activity, men and women |——|

Huerta et al., 2010, EA, total activity, men and women |—|

Inoue et al., 2008, GA, subsite unspecified, total activity, men =

Huerta et al., 2010, GCA, total activity, men and women [ mr—|

Leitzmann et al., 2009, ESCC, recreational activity, men and women |—-—|

Paffenbarger et al., 1987, GA, subsite unspecified, recreational activity, men | ——

Huerta et al., 2010, GCA, recreational activity, men and women |—|

Severson et al., 1989, GA, subsite unspecified, total activity, men |-—-—|

Severson et al., 1989, GA, subsite unspecified, recreational activity, men |—-—|

—
L 4
—

Severson et al., 1989, GA, subsite unspecified, occupational activity, men

Random effects model for RRs from cohort studies

Case-control studies

Etemadi et al., 2012, ESCC, occupational activity, women
Vigen et al., 2006, GCA, occupational activity, women

AA

Vigen et al., 2006, EA, occupational activity, women

Lam et al., 2004, EC, type unspecified, recreational activity, women
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Random effects model for RRs from case-control studies
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Fig. 2 Forest plot of a random effects meta-analysis including 61 risk esophageal adenocarcinoma, EC esophageal cancer, GCA gastric
estimates of total gastroesophageal cancer for a high versus low level cardia adenocarcinoma, GNCA gastric non-cardia adenocarcinoma,

of physical activity, grouped by study design. RR relative risk, CI GA gastric adenocarcinoma
confidence interval, ESCC esophageal squamous cell carcinoma, EA
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Authors, year, cancer site and type, physical activity domain RR (95% CI)
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Severson et al., 1989, GA, subsite unspecified, recreational activity
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Random effects model for RRs from studies among women

Men and women
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Wen et al., 2010, GA, subsite unspecified, recreational activity

Huerta et al., 2010, GCA, occupational activity

Sjodahl et al., 2008, GNCA, recreational activity

Suwanrungruang et al., 2008, GA, subsite unspecified, recreational activity

Huang et al., 2004, family history of gastric cancer, GA, subsite unspecified, recreational activity
Huerta et al., 2010, EA, recreational activity

Campbell et al., 2007, Ontario sample, GNCA, recreational activity

Leitzmann et al., 2009, EA, recreational activity

Huang et al., 2004, no family history of gastric cancer, GA, subsite unspecified, recreational activity
Ibiebele et al., 2012, EA, recreational activity 0.81(0.58,1.12)
0.82 (0.44, 1.52)
0.83(0.58,1.19)
0.92 (0.67, 1.26)
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Huerta et al., 2010, GNCA, occupational activity

Leitzmann et al., 2009, GCA, recreational activity

Ibiebele et al., 2012, EGJA, recreational activity

Jessri et al., 2011, ESCC, total activity

Watabe et al., 1998, GA, subsite unspecified, recreational activity
Huerta et al., 2010, EA, occupational activity

Boccia et al., 2005, GA, subsite unspecified, recreational activity
Huerta et al., 2010, GNCA, recreational activity

Huerta et al., 2010, EA, total activity

Huerta et al., 2010, GCA, total activity

Leitzmann et al., 2009, ESCC, recreational activity

Huerta et al., 2010, GCA, recreational activity

Dar et al., 2013, ESCC, occupational activity

Random effects model for RRs from studies among men and women
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Fig. 3 Forest plot of a random effects meta-analysis including 61 risk esophageal adenocarcinoma, EC esophageal cancer, GCA gastric
estimates of total gastroesophageal cancer for a high versus low level cardia adenocarcinoma, GNCA gastric non-cardia adenocarcinoma,
of physical activity, grouped by gender. RR relative risk, CI GA gastric adenocarcinoma

confidence interval, ESCC esophageal squamous cell carcinoma, EA
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Table 2 Random effects summary estimates of total gastroesopha-
geal cancer risk for a high versus low level of physical activity by
selected study characteristics

Stratification criterion Number RR?* (95 % CI) p-differenceb
of
included
RRs
Total gastroesophageal 61 0.82 (0.74, 0.90)
cancer risk
Cancer major anatomic site
Esophageal cancer 21 0.79 (0.60, 1.02)
Esophago-gastric junction 1 0.92 (0.67, 1.26)
adenocarcinoma
Gastric cancer 39 0.82 (0.76, 0.90) 0.92°

Cancer anatomic subsite and histologic type

Esophageal squamous cell 6 0.94 (0.41, 2.16)
carcinoma

Esophageal 7 0.79 (0.66, 0.94) 0.61¢
adenocarcinoma

Esophageal cancer, type 8 0.67 (0.53, 0.85)
unspecified

Esophago-gastric junction 1 0.92 (0.67, 1.26)
adenocarcinoma

Gastric cardia 7 0.83 (0.69, 0.99)
adenocarcinoma

Gastric non-cardia 8 0.72 (0.62, 0.84) 0.26°
adenocarcinoma

Gastric adenocarcinoma, 24 0.86 (0.76, 0.96)

subsite unspecified
Study design
Cohort 25

Case—control 36

0.89 (0.78, 1.01)

0.77 (0.67, 0.89) 0.18
Study quality score”

Upper tertile of quality score 19 0.81 (0.71, 0.92)

Intermediate tertile of quality 19 0.90 (0.70, 1.16)

score

Lower tertile of quality score 23 0.77 (0.72, 0.82) 0.32

Gender

Men 25 0.87 (0.77, 0.98)
Women 7 0.60 (0.48, 0.73) 0.01*
Men and women 29 0.83 (0.71, 0.97)

Study geographic region

North America 25 0.85 (0.75, 0.97)
Europe 15 0.80 (0.68, 0.93)
Australia 3 0.79 (0.64, 0.96)
Middle East 3 0.48 (0.29, 0.81)
Asia 15 0.82 (0.63, 1.08) 0.58

Physical activity domain

Total activity 9 0.84 (0.65, 1.08)
Recreational activity 33 0.78 (0.72, 0.85)
Occupational activity 19 0.86 (0.64, 1.16) 0.19"

Timing in life of physical activity
Recent past physical activity 40 0.88 (0.78, 1.00)
0.66 (0.53, 0.82)

0.77 (0.67, 0.88)  0.06

Distant past physical activity 9
Consistent physical activity 12
over time
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Table 2 continued

Stratification criterion Number RR? (95 % CI) p-differenceb
of
included
RRs
Physical activity assessment
Assessment of energy 10 0.91 (0.86, 0.96)
expenditure
Assessment of activity 4 0.98 (0.74, 1.32)
duration
Assessment of activity 19 0.74 (0.69, 0.80)
frequency

Qualitative physical activity 28
assessment

0.85 (0.68, 1.05) 0.33

Adjustment for smoking

Adjusted for smoking 51 0.82 (0.73, 0.92)
Not adjusted for smoking 10 0.79 (0.72, 0.86) 0.78
Adjustment for adiposity

Adjusted for adiposity 43 0.82 (0.74, 0.90)
Not adjusted for adiposity 18 0.85 (0.67, 1.08) 0.67
Adjustment for alcohol intake
Adjusted for alcohol intake 32

Not adjusted for alcohol 29
intake

0.81 (0.69, 0.94)
0.83 (0.74, 0.93) 0.87

RR relative risk, CI confidence interval, MVPA moderate to vigorous phys-
ical activity
% RR comparing highest versus lowest physical activity level

® The p-difference values were obtained using meta-regression comparing
the model including the stratification variable as explanatory variable with
the null model not including any explanatory variables

¢ Comparing risk estimates of total esophageal cancer with risk estimates of
total gastric cancer disregarding risk estimates of esophago-gastric junction
adenocarcinoma

4" Comparing risk estimates of esophageal squamous cell carcinoma with risk
estimates of esophageal adenocarcinoma and disregarding risk estimates of
esophageal cancers with unspecified histologic type

¢ Comparing risk estimates of gastric cardia adenocarcinoma with risk
estimates of gastric non-cardia adenocarcinoma and disregarding risk esti-
mates of gastric adenocarcinoma with unspecified anatomic subsite

f The quality score ranged from 42 to 79 percentage points (out of 100
percentage points), with lower and upper tertile cut-offs of 58 percentage
points and 70 percentage points, respectively

& Comparing risk estimates of men with risk estimates of women and dis-
regarding risk estimates of men and women combined

" Comparing risk estimates of recreational activity with risk estimates of
occupational activity and disregarding risk estimates of total activity

When we excluded two studies on gastroesophageal
cancer mortality [17, 33] and three studies using fatal and
non-fatal gastroesophageal cancers as a combined endpoint
[26, 31, 36], we obtained a summary risk estimate of
RR = 0.83 (95 % CI = 0.77-0.89), which was compara-
ble to that of the main analysis (p-difference = 0.62).

Dose-response meta-analysis

We conducted a random-effects dose-response meta-analysis
to further explore the relation between frequency of moderate
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to vigorous physical activity and gastroesophageal cancer
(Fig. 4). The best fitting dose—response model was given by

RR = exp(aldose2 + azd()se3)7

where a; = —0.051, a, = 0.007, var(a;) =1 x 1074,
cov(ay, az) = =2 x 107>, and var(a;) = 3 x 107°, and no
heterogeneity between studies was observed (I° = 8 %, p-
heterogeneity = 0.36). The J-shaped dose-response rela-
tion indicated that a maximal reduction in gastroesophageal
cancer risk of 33 % was attained by engaging in moderate
to vigorous physical activity at a frequency of five times
per week (RR = 0.67, 95 % CI = 0.58-0.79) as compared
to not engaging in moderate or vigorous physical activity.

Discussion

We conducted a random effects meta-analysis of physical
activity in relation to gastroesophageal cancer and found
that high versus low physical activity was associated with
risk decreases of 17-28 % for esophageal adenocarcinoma,
gastric cardia adenocarcinoma, and gastric non-cardia
adenocarcinoma, whereas no relation was detected for
esophageal squamous cell carcinoma. However, apparent
differences in risk across tumor subtypes were not statis-
tically significant. When combining gastroesophageal
cancer subsites, we observed a statistically significant 18 %
reduction in total gastroesophageal cancer risk with high
versus low levels of physical activity. Our dose—response
meta-analysis showed that the greatest risk reduction of
33 % was achieved by engaging in moderate to vigorous
activity at a frequency of five times per week.

We initially observed substantial between-study heter-
ogeneity, which was no longer apparent after removing an
influential study [28] and additionally including terms for
study design and gender in the model. The authors of that
influential, large hospital-based case—control study from
Kashmir, India [28] compared high versus low levels of
occupational physical activity and reported an odds ratio of
5.65 (95 % CI = 3.49-9.12) for esophageal squamous cell
carcinoma but speculated about the possibility of residual
confounding by socioeconomic status. After excluding that
study [28], we found that physical activity was related to a
substantial risk reduction of 34 % for esophageal squamous
cell carcinoma.

Numerous biologic mechanisms potentially mediate the
observed inverse association between physical activity and
gastroesophageal cancer. For example, chronic inflamma-
tory processes, such as Helicobacter pylori infection [56],
gastroesophageal reflux [57], Barrett’s esophagus [58],
obesity [14] and type 2 diabetes mellitus [15, 16] support
gastroesophageal carcinogenesis, while factors that reduce
chronic inflammation, such as regular aspirin use [59, 60]

Relative risk (log scale)

0.5 -

r T T T T T T 1
0 1 2 3 4 5 6 7

Frequency of moderate to vigorous physical activity (times per week)

Fig. 4 Dose-response analysis of frequency of moderate to vigorous
physical activity in relation to total gastroesophageal cancer

and dietary fiber intake [10, 11] are associated with
reduced gastroesophageal cancer risk. In a similar vein,
physical activity may inhibit gastroesophageal carcino-
genesis by reducing chronic inflammation [61] and allevi-
ating metabolic disorders associated both with chronic
inflammation and gastroesophageal cancer, such as insulin
resistance [62] and elevated insulin-like growth factor 1
levels [63, 64]. Physical activity may also prevent gastro-
esophageal carcinogenesis by decreasing oxidative stress
[65] and improving DNA repair [66].

The observed consistency in risk reduction with physical
activity across gastroesophageal cancer subtypes suggests
that physical activity represents a shared protective factor
for these cancers. That gastroesophageal cancers show
common risk factors despite distinct etiologies is supported
by observations of quite similar risk increases across gas-
troesophageal cancer subtypes of 7-16 % for each incre-
ment of 10 pack-years of smoking [67] and risk decreases
of about 35-45 % for regular aspirin use [59, 60] and
intakes of dietary fiber [10, 11]. Also, exposure to alcohol
intake [8, 9, 68] and pickled foods [69, 70] has been pos-
itively related to all gastroesophageal cancer subtypes.

We examined whether obesity mediated the inverse
relation of physical activity to risk of gastroesophageal
cancer by comparing risk estimates that were adjusted for
adiposity with those that were not. We noted that the
inverse association between physical activity and gastro-
esophageal cancer was only modestly attenuated when the
meta-analysis was restricted to datasets that were adjusted
for adiposity. This suggests that the biologic mechanisms
by which physical activity decreases risk for gastroesoph-
ageal cancer are only partly mediated through its effects on
weight control. That the etiologic pathways linking
increased physical activity to decreased risk of gastro-
esophageal cancer are distinct from those associated with
weight control is supported by widely divergent
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associations between obesity and gastroesophageal cancer
histologic types. Notably, obesity shows an approximate
30-50 % reduced risk for esophageal squamous cell car-
cinoma [71], whereas it exhibits a substantial increased risk
for esophageal and gastric cardia adenocarcinomas in the
order of 100 % [14].

The inverse association between physical activity and
gastroesophageal cancer was more pronounced in case—
control studies than cohort studies. Possible explanations
for this particular constellation of findings are preferential
selection of physically active controls, physical activity
under-reporting among cases, or superior physical activity
assessment in case—control studies than cohort studies. The
gastroesophageal cancer risk reduction of 11 % with high
versus low physical activity obtained from cohort studies
likely represents the more conservative risk estimate than
the 23 % risk reduction generated by case—control studies.

We observed a stronger inverse association between
physical activity and gastroesophageal cancer in women
than men. The modifying effect of gender was statistically
significant for total gastroesophageal cancer and for total
gastric cancer but not for total esophageal cancer, for
which case numbers were limited. Apart from chance, one
possible explanation for this finding is inhibitory effects of
estrogen on gastroesophageal cancer growth [72, 73].
Support for a protective role of circulating estrogen levels
also comes from observational studies showing an inverse
association between hormone replacement therapy and
gastroesophageal cancer [74].

We noted that distant past physical activity and consistent
physical activity over time showed stronger inverse relations
with total esophageal cancer than recent past physical
activity. Other than chance, one possible explanation for this
observation is that distant past or long-term consistent
physical activity may better capture the relation of physical
activity to gastroesophageal cancer, if one exists. Future
studies should confirm whether distant past or consistent
physical activity has greater potential for esophageal cancer
prevention than recent past physical activity.

One potential limitation of the present meta-analysis is
that a causal relation for the observed inverse association
between physical activity and gastroesophageal cancer
could not be established because no intervention study was
available for inclusion. In addition, the investigation of the
relation of physical activity to gastroesophageal cancer by
anatomic subsite and histologic type was limited because
only nine [18, 20, 21, 23-25, 28, 29, 38] of the 24 studies
provided relevant data on cancer anatomic subsite and
histologic type. Information on esophageal squamous cell
carcinoma was provided by only five studies [18, 20, 21,
24, 28], which may partly explain the observed statistically
non-significant inverse association with physical activity in
the main analysis. Furthermore, we lacked sufficient
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information to assess whether the relation of physical
activity to gastric cancer was modified by H. pylori
infection status. One previous study [23] found no effect
modification of the association between physical activity
and gastric cancer by H. pylori infection status.

This first meta-analysis of physical activity and gastro-
esophageal cancer also has a number of important
strengths. We included a large number of studies, which
yielded a substantial number of cases and enabled us to
evaluate different subtypes of gastroesophageal cancers
according to anatomic site and tumor histologic type. We
used standardized criteria for identifying pertinent studies
and abstracting key information. Our meta-analysis differs
from a previous meta-analysis of physical activity and
gastric cancer [75] in that we (1) included five additional
gastric cancer studies with 1,054 additional cases of gastric
cancer [17, 33, 36, 39, 40]; (2) examined physical activity
in relation to esophageal cancer and assessed differences
according to gastroesophageal cancer histologic types; (3)
generated a quantitative physical activity recommendation
for the primary prevention of gastroesophageal cancers
based on an exploratory dose-response meta-analysis; (4)
used random effects meta-regression to identify and
remove the sources of between-study heterogeneity in the
published data; (5) explored for potential differences
between studies of gastroesophageal cancer incidence and
those of gastroesophageal cancer mortality; and (6) sum-
marized risk estimates using comparable exposure and
reference categories in a sensitivity analysis, thereby con-
firming the robustness of our primary findings.

In conclusion, our comprehensive meta-analysis pro-
vides support for an inverse relation of physical activity to
risk of gastroesophageal cancer. We estimate that high
versus low physical activity decreases the risk of gastro-
esophageal cancer by approximately 18 %. Our dose—
response meta-analysis suggests that engaging in any
amount of moderate to vigorous physical activity is bene-
ficial and that a frequency of five times per week of
physical activity is associated with a risk reduction of
33 %. Future research is required to discern which specific
types and durations of physical activity are needed for
gastroesophageal cancer risk reduction. High-quality epi-
demiologic studies that employ standardized physical
activity assessments and uniform definitions of high versus
low physical activity levels are warranted.

References

1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D.
Global cancer statistics. CA Cancer J Clin. 2011;61(2):69-90.

2. Howlader N, Noone AM, Krapcho M, Garshell J, Neyman N,
Altekruse SF et al. SEER cancer statistics review, 1975-2010,



Physical activity and gastroesophageal cancer

169

10.

11.

12.

13.

14.

16.

18.

20.

National Cancer Institute. Bethesda, MD, http://seer.cancer.gov/
csr/1975_2010/, based on November 2012 SEER data submis-
sion. 2013.

. Hur C, Miller M, Kong CY, Dowling EC, Nattinger KJ, Dunn M,

et al. Trends in esophageal adenocarcinoma incidence and mor-
tality. Cancer. 2013;119(6):1149-58.

. Cancer Trends Progress Report—2011/2012. Update [database

on the Internet]. National Cancer Institute, NIH, DHHS. 2012.
Available from: http://progressreport.cancer.gov. Accessed 10
December 2013.

. Edgren G, Adami HO, Weiderpass E, Nyren O. A global

assessment of the oesophageal adenocarcinoma epidemic. Gut.
2013;62(10):1406-14.

. Tramacere I, La Vecchia C, Negri E. Tobacco smoking and

esophageal and gastric cardia adenocarcinoma: a meta-analysis.
Epidemiology. 2011;22(3):344-9.

. Ladeiras-Lopes R, Pereira AK, Nogueira A, Pinheiro-Torres T,

Pinto I, Santos-Pereira R, et al. Smoking and gastric cancer:
systematic review and meta-analysis of cohort studies. Cancer
Causes Control. 2008;19(7):689-701.

. Islami F, Fedirko V, Tramacere I, Bagnardi V, Jenab M, Scotti L,

et al. Alcohol drinking and esophageal squamous cell carcinoma
with focus on light-drinkers and never-smokers: a systematic
review and meta-analysis. Int J Cancer. 2011;129(10):2473-84.

. Mahjub H, Sadri G. Association between alcohol consumption

and gastric cancer: J Res Health Sci.
2007;7(2):63-72.

Coleman HG, Murray LJ, Hicks B, Bhat SK, Kubo A, Corley
DA, et al. Dietary fiber and the risk of precancerous lesions and
cancer of the esophagus: a systematic review and meta-analysis.
Nutr Rev. 2013;71(7):474-82.

Zhang Z, Xu G, Ma M, Yang J, Liu X. Dietary fiber intake
reduces risk for gastric cancer: a meta-analysis. Gastroenterology.
2013;145(1):113 e3-20 e3.

Zhu H, Yang X, Zhang C, Zhu C, Tao G, Zhao L, et al. Red and
processed meat intake is associated with higher gastric cancer
risk: a meta-analysis of epidemiological observational studies.
PLoS ONE. 2013;8(8):¢70955.

Choi Y, Song S, Song Y, Lee JE. Consumption of red and pro-
cessed meat and esophageal cancer risk: meta-analysis. World J
Gastroenterol. 2013;19(7):1020-9.

Turati F, Tramacere I, La Vecchia C, Negri E. A meta-analysis of
body mass index and esophageal and gastric cardia adenocarci-
noma. Ann Oncol. 2013;24(3):609-17.

a meta-analysis.

. Huang W, Ren H, Ben Q, Cai Q, Zhu W, Li Z. Risk of esophageal

cancer in diabetes mellitus: a meta-analysis of observational
studies. Cancer Causes Control. 2012;23(2):263-72.
Yoon JM, Son KY, Eom CS, Durrance D, Park SM. Pre-existing
diabetes mellitus increases the risk of gastric cancer: a meta-
analysis. World J Gastroenterol. 2013;19(6):936-45.

. Lam TH, Ho SY, Hedley AJ, Mak KH, Leung GM. Leisure time

physical activity and mortality in Hong Kong: case-control study
of all adult deaths in 1998. Ann Epidemiol. 2004;14(6):391-8.
Ibiebele TI, Hughes MC, Whiteman DC, Webb PM. Dietary
patterns and risk of oesophageal cancers: a population-based
case-control study. Br J Nutr. 2012;107(8):1207-16.

. Parent ME, Rousseau MC, El-Zein M, Latreille B, Desy M,

Siemiatycki J. Occupational and recreational physical activity
during adult life and the risk of cancer among men. Cancer Ep-
idemiol. 2011;35(2):151-9.

Etemadi A, Golozar A, Kamangar F, Freedman ND, Shakeri R,
Matthews C, et al. Large body size and sedentary lifestyle during
childhood and early adulthood and esophageal squamous cell
carcinoma in a high-risk  population. Ann  Oncol.
2012;23(6):1593-600.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Jessri M, Rashidkhani B, Hajizadeh B, Jessri M, Kreiger N,
Bajdik CD. Adherence to dietary recommendations and risk of
esophageal squamous cell carcinoma: a case-control study in
Iran. Ann Nutr Metab. 2011;59(2-4):166-75.

Brownson RC, Chang JC, Davis JR, Smith CA. Physical activity
on the job and cancer in Missouri. Am J Public Health.
1991;81(5):639-42.

Huerta JM, Navarro C, Chirlaque MD, Tormo MJ, Steindorf K,
Buckland G, et al. Prospective study of physical activity and risk
of primary adenocarcinomas of the oesophagus and stomach in
the EPIC (European Prospective Investigation into Cancer and
nutrition) cohort. Cancer Causes Control. 2010;21(5):657-69.
Leitzmann MF, Koebnick C, Freedman ND, Park Y, Ballard-
Barbash R, Hollenbeck A, et al. Physical activity and esophageal
and gastric carcinoma in a large prospective study. Am J Prev
Med. 2009;36(2):112-9.

Vigen C, Bernstein L, Wu AH. Occupational physical activity
and risk of adenocarcinomas of the esophagus and stomach. Int J
Cancer. 2006;118(4):1004-9.

Wannamethee SG, Shaper AG, Walker M. Physical activity and
risk of cancer in middle-aged men. Br J Cancer.
2001;85(9):1311-6.

Yun YH, Lim MK, Won YJ, Park SM, Chang YJ, Oh SW, et al.
Dietary preference, physical activity, and cancer risk in men:
national health insurance corporation study. BMC Cancer.
2008;8:366.

Dar NA, Shah IA, Bhat GA, Makhdoomi MA, Igbal B, Rafiq R,
et al. Socioeconomic status and esophageal squamous cell car-
cinoma risk in Kashmir, India. Cancer Sci. 2013;104(9):1231-6.
Campbell PT, Sloan M, Kreiger N. Physical activity and stomach
cancer risk: the influence of intensity and timing during the
lifetime. Eur J Cancer. 2007;43(3):593-600.

Huang XE, Hirose K, Wakai K, Matsuo K, Ito H, Xiang J, et al.
Comparison of lifestyle risk factors by family history for gastric,
breast, lung and colorectal cancer. Asian Pac J Cancer Prev.
2004;5(4):419-27.

Inoue M, Yamamoto S, Kurahashi N, Iwasaki M, Sasazuki S,
Tsugane S. Daily total physical activity level and total cancer risk
in men and women: results from a large-scale population-based
cohort study in Japan. Am J Epidemiol. 2008;168(4):391-403.
Wen XY. Salt taste sensitivity, physical activity and gastric
cancer. Asian Pac J Cancer Prev. 2010;11(6):1473-7.

Batty GD, Shipley MJ, Kivimaki M, Marmot M. Davey Smith G.
Walking pace, leisure time physical activity, and resting heart
rate in relation to disease-specific mortality in London: 40 years
follow-up of the original Whitehall study. An update of our work
with professor Jerry N. Morris (1910-2009). Ann Epidemiol.
2010;20(9):661-9.

Boccia S, Persiani R, La Torre G, Rausei S, Arzani D, Gianfagna
F, et al. Sulfotransferase 1Al polymorphism and gastric cancer
risk: a pilot case-control study. Cancer Lett. 2005;229(2):235-43.
Dosemeci M, Hayes RB, Vetter R, Hoover RN, Tucker M, Engin
K, et al. Occupational physical activity, socioeconomic status,
and risks of 15 cancer sites in Turkey. Cancer Causes Control.
1993;4(4):313-21.

Paffenbarger RS Jr, Hyde RT, Wing AL. Physical activity and
incidence of cancer in diverse populations: a preliminary report.
Am J Clin Nutr. 1987;45(1 Suppl):312-7.

Severson RK, Nomura AM, Grove JS, Stemmermann GN. A
prospective analysis of physical activity and cancer. Am J Epi-
demiol. 1989;130(3):522-9.

Sjodahl K, Jia C, Vatten L, Nilsen T, Hveem K, Lagergren J.
Body mass and physical activity and risk of gastric cancer in a
population-based cohort study in Norway. Cancer Epidemiol
Biomarkers Prev. 2008;17(1):135-40.

@ Springer


http://seer.cancer.gov/csr/1975_2010/
http://seer.cancer.gov/csr/1975_2010/
http://progressreport.cancer.gov

170

G. Behrens et al.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Suwanrungruang K, Sriamporn S, Wiangnon S, Rangsrikajee D,
Sookprasert A, Thipsuntornsak N, et al. Lifestyle-related risk
factors for stomach cancer in northeast Thailand. Asian Pac J
Cancer Prev. 2008;9(1):71-5.

Watabe K, Nishi M, Miyake H, Hirata K. Lifestyle and gastric
cancer: a case-control study. Oncol Rep. 1998;5(5):1191-4.
Pennathur A, Gibson MK, Jobe BA, Luketich JD. Oesophageal
carcinoma. Lancet. 2013;381(9864):400-12.

Gonzalez CA, Agudo A. Carcinogenesis, prevention and early
detection of gastric cancer: where we are and where we should
go. Int J Cancer. 2012;130(4):745-53.

Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA
statement. BMJ. 2009;339:b2535.

Batty GD, Shipley MJ, Marmot M, Smith GD. Physical activity
and cause-specific mortality in men: further evidence from the
Whitehall study. Eur J Epidemiol. 2001;17(9):863-9.

Davey Smith G, Shipley MJ, Batty GD, Morris JN, Marmot M.
Physical activity and cause-specific mortality in the Whitehall
study. Public Health. 2000;114(5):308-15.

Arem H, Moore SC, Park Y, Ballard-Barbash R, Hollenbeck A,
Leitzmann M et al. Physical activity and cancer-specific mortality
in the NIH-AARP diet and health study cohort. Int J Cancer.
2013. doi:10.1002/ijc.28659.

Monninkhof EM, Elias SG, Vlems FA, van der Tweel I, Schuit
AJ, Voskuil DW, et al. Physical activity and breast cancer: a
systematic review. Epidemiology. 2007;18(1):137-57.

Behrens G, Leitzmann MF. The association between physical
activity and renal cancer: systematic review and meta-analysis.
Br J Cancer. 2013;108(4):798-811.

Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-
analysis. Stat Med. 2002;21(11):1539-58.

Begg CB, Mazumdar M. Operating characteristics of a rank
correlation test for publication bias. Biometrics. 1994;50(4):
1088-101.

Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-
analysis detected by a simple, graphical test. BMJ. 1997;315(7109):
629-34.

Rota M, Bellocco R, Scotti L, Tramacere I, Jenab M, Corrao G,
et al. Random-effects meta-regression models for studying non-
linear dose-response relationship, with an application to alcohol
and esophageal squamous cell carcinoma. Stat Med.
2010;29(26):2679-87.

R Development Core Team. R: a language and environment for
statistical computing. Vienna, Austria: 2011.

Viechtbauer W. Conducting meta-analyses in R with the metafor
package. J Stat Softw. 2010;36(3):1-48.

Gasparrini A, Armstrong B, Kenward MG. Multivariate meta-
analysis for non-linear and other multi-parameter associations.
Stat Med. 2012;31(29):3821-39.

Cavaleiro-Pinto M, Peleteiro B, Lunet N, Barros H. Helicobacter
pylori infection and gastric cardia cancer: systematic review and
meta-analysis. Cancer Causes Control. 2011;22(3):375-87.

Kim JJ. Upper gastrointestinal cancer and reflux disease. J Gastric
Cancer. 2013;13(2):79-85.

Conteduca V, Sansonno D, Ingravallo G, Marangi S, Russi S,
Lauletta G, et al. Barrett’s esophagus and esophageal cancer: an
overview. Int J Oncol. 2012;41(2):414-24.

Bosetti C, Rosato V, Gallus S, Cuzick J, La Vecchia C. Aspirin
and cancer risk: a quantitative review to 2011. Ann Oncol.
2012;23(6):1403-15.

@ Springer

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Abnet CC, Freedman ND, Kamangar F, Leitzmann MF, Hol-
lenbeck AR, Schatzkin A. Non-steroidal anti-inflammatory drugs
and risk of gastric and oesophageal adenocarcinomas: results
from a cohort study and a meta-analysis. Br J Cancer.
2009;100(3):551-7.

Kasapis C, Thompson PD. The effects of physical activity on
serum C-reactive protein and inflammatory markers: a systematic
review. J Am Coll Cardiol. 2005;45(10):1563-9.

Rosenthal M, Haskell WL, Solomon R, Widstrom A, Reaven
GM. Demonstration of a relationship between level of physical
training and insulin-stimulated glucose utilization in normal
humans. Diabetes. 1983;32(5):408-11.

Eliakim A, Brasel JA, Mohan S, Barstow TJ, Berman N, Cooper
DM. Physical fitness, endurance training, and the growth hor-
mone-insulin-like growth factor I system in adolescent females.
J Clin Endocrinol Metab. 1996;81(11):3986-92.

Eliakim A, Brasel JA, Mohan S, Wong WL, Cooper DM.
Increased physical activity and the growth hormone-IGF-I axis in
adolescent males. Am J Physiol. 1998;275(1 Pt 2):R308-14.
Miyazaki H, Oh-ishi S, Ookawara T, Kizaki T, Toshinai K, Ha S,
et al. Strenuous endurance training in humans reduces oxidative
stress following exhausting exercise. Eur J Appl Physiol. 2001;
84(1-2):1-6.

Cash SW, Beresford SA, Vaughan TL, Heagerty PJ, Bernstein L,
White E et al. Recent physical activity in relation to DNA
damage and repair using the comet assay. J Phys Act Health.
2013;PMID:23574930.

Steevens J, Schouten LJ, Goldbohm RA, van den Brandt PA.
Alcohol consumption, cigarette smoking and risk of subtypes of
oesophageal and gastric cancer: a prospective cohort study. Gut.
2010;59(1):39-48.

Tramacere I, Pelucchi C, Bagnardi V, Rota M, Scotti L, Islami F,
et al. A meta-analysis on alcohol drinking and esophageal and
gastric cardia adenocarcinoma risk. Ann Oncol. 2012;23(2):
287-97.

Islami F, Ren JS, Taylor PR, Kamangar F. Pickled vegetables and
the risk of oesophageal cancer: a meta-analysis. Br J Cancer. 2009;
101(9):1641-17.

Ren JS, Kamangar F, Forman D, Islami F. Pickled food and risk
of gastric cancer—a systematic review and meta-analysis of
English and Chinese literature. Cancer Epidemiol Biomarkers
Prev. 2012;21(6):905-15.

Smith M, Zhou M, Whitlock G, Yang G, Offer A, Hui G, et al.
Esophageal cancer and body mass index: results from a pro-
spective study of 220,000 men in China and a meta-analysis of
published studies. Int J Cancer. 2008;122(7):1604—10.

Wakui S, Motohashi M, Muto T, Takahashi H, Hano H, Jutabha
P, et al. Sex-associated difference in estrogen receptor beta
expression in  N-methyl-N’-nitro-N-nitrosoguanidine-induced
gastric cancers in rats. Comp Med. 2011;61(5):412-8.

Ueo H, Matsuoka H, Sugimachi K, Kuwano H, Mori M, Akiyoshi
T. Inhibitory effects of estrogen on the growth of a human
esophageal carcinoma cell line. Cancer Res. 1990;50(22):7212-5.
Green J, Czanner G, Reeves G, Watson J, Wise L, Roddam A,
et al. Menopausal hormone therapy and risk of gastrointestinal
cancer: nested case-control study within a prospective cohort, and
meta-analysis. Int J Cancer. 2012;130(10):2387-96.

Singh S, Edakkanambeth Varayil J, Devanna S, Murad MH, Iyer
PG. Physical activity is associated with reduced risk of gastric
cancer: a systematic review and meta-analysis. Cancer Prev Res
(Phila). 2014;7(1):12-22.


http://dx.doi.org/10.1002/ijc.28659

	The association between physical activity and gastroesophageal cancer: systematic review and meta-analysis
	Abstract
	Introduction
	Methods
	Literature search
	Data extraction
	Study quality score
	Random effects meta-analysis
	Stratified analyses
	Sensitivity analyses
	Non-linear dose--response meta-analysis

	Results
	Study characteristics
	Main analysis
	Stratified analyses
	Sensitivity analyses
	Dose--response meta-analysis

	Discussion
	References


