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Numerous case-control studies suggest dietary fiber may reduce
risk of gastric cancer, but this has not been confirmed prospec-
tively. A previous case-control study reported reduced risk of gas-
tric cardia adenocarcinomas associated with cereal fiber, but not
with fruit or vegetable fiber. To date, different food sources of
fiber have not been examined with respect to noncardia tumors or
diverse histologic sub-types. This study prospectively examines
associations between fiber from different food sources and inci-
dent gastric adenocarcinomas (GC) among more than 435,000

Grant sponsor: European Commissions FP5 project; Grant number:
QLG1-CT-2001-01049 Grant sponsors: SANCO; Ligue contre le Cancer,
France; Société 3M, France; Mutuelle Générale de I’Education Nationale;
Institut National de la Santé et de la Recherche Médicale, INSERM);
German Cancer Aid; German Cancer Research Center; German Federal
Ministry of Education and Research; Danish Cancer Society; The Partici-
pating Regional Governments and Institutions of Spain; Cancer Research,
UK; Medical Research Council, UK; The Stroke Association, UK; British
Heart Foundation; Department of Health, UK; Food Standards Agency,
UK; The Wellcome Trust, UK; Greek Ministry of Health; Greek Ministry
of Education; Italian Association for Research on Cancer (AIRC); Dutch
Ministry of Public Health, Welfare and Sports; Dutch Ministry of Health;

subjects from 10 countries participating in the European Prospec-
tive Investigation into Cancer and Nutrition study. Subjects aged
25-70 years completed dietary questionnaires in 1992-98, and
were followed up for a median of 6.7 years. About 312 incident
GCs were observed. The relative risk of GC was estimated based
on cohort-wide sex-specific fiber intake quartiles using propor-
tional hazards models to estimate hazards ratios (HRs) and 95 %
confidence intervals (CIs). Intakes of cereal fiber, but not total,
fruit or vegetable fiber, were associated with reduced GC risk
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[adjusted HR for the highest vs. lowest quartile of cereal fiber
0.69, 0.48-0.99]. There was a strong inverse association for diffuse
[HR 0.43, 0.22-0.86], but not intestinal type [HR 0.98, 0.54-1.80]
tumors. Associations for cardia vs. noncardia tumors were similar
to those for overall GC, although cardia associations did not reach
significance. Cereal fiber consumption may help to reduce risk of
GC, particularly diffuse type tumors. Further study on different
food sources of fiber in relation to GC risk is warranted to confirm
these relationships.

Although several case-control studies suggest dietary fiber may
reduce risk of gastric adenocarcinomas (GC),'™ the relationship
remains uncertain. In addition to inconsistent results from a num-
ber of case-control studies,'®!'! a prospective study'? failed to con-
firm this relationship, finding no association between total, soluble
or insoluble fiber and GC risk. A previous case-control study of
adenocarcinoma of the gastric cardia found that fiber from cereals,
but not total, fruit or vegetable fiber was associated with reduced
odds of adenocarcinoma of the gastric cardia.® These results sug-
gest that heterogeneous functional properties of dietary fiber from
different food groups'>'* may partly contribute to the discrepant
results in previous studies. To date, associations between gastric
cancer and fiber from different food sources have not been pro-
spectively examined with respect to noncardia adenocarcinomas,
which are etiologically heterogeneous from those of the gastric
cardia, or in tumors of different histological types.

In this study, we examine associations between total, cereal,
vegetable and fruit fiber intakes and risk of cardia and noncardia
GC of different histologic types in the multi-country European
Prospective Investigation into Cancer and Nutrition study (EPIC).

Methods

Details on the EPIC study have been published previously.
Briefly, EPIC is a prospective study comprising cohorts from 23
centers in 10 European countries (Denmark, France, Germany,
Greece, Italy, the Netherlands, Norway, Spain, Sweden and the
United Kingdom). A total of 521,457 subjects (70.6% women)
aged mainly 35-70 years were recruited between 1992 and 1998,
primarily from the general population, with some exceptions,
including the use of blood donor volunteers (parts of the Spanish
and Italians cohorts), a health conscious/vegan sample (Oxford),
women attending breast cancer screenings (Utrecht and Florence)
and school employees (France). The project was approved by ethi-
cal review boards of the International Agency for Research on
Cancer and local participating centers.

15,16
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Data collection included validated country-specific food fre-
quency questionnaires or dietary histories enquiring about usual
intakes in the previous 12 months,!” blood samples (74% of sub-
jects), anthropometric data, and questionnaires on sociodemo-
graphic factors, lifestyles and health history.'” The mean correla-
tion between questionnaire-based estimates of energy-adjusted di-
etary fiber and estimates from 12 repeated 24-hr recalls was
0.63.'8 Dietary fiber intakes were based on country-specific food
composition tables, which were reviewed to ensure comparability
to the association of official analytical chemists (AOAC) fiber
definition, which includes lignin and resistant starch.'

Incident cancer cases were identified through population cancer
registries or active follow-up, depending on the center; deaths
were identified from mortality registries. Cases were identified
from recruitment through December 31, 1999 or September 30,
2002, depending on the study center, with a median follow-up of
6.7 years. Gastric cancers included tumors coded as C16 in the
10th revision of the international classification of diseases,”” and
were categorized by anatomic location (cardia/noncardia) and
usin% the Lauren histologic type classification (diffuse and intesti-
nal).”! Tumor classification was reviewed and validated by a panel
of pathologists.!

The analysis sample excluded: prevalent gastric or esophageal
tumors self-reported by subjects at recruitment (160); all incident
nonadenocarcinoma gastric tumors including gastric lymphomas,
(26) gastric stump cancers, (5) other nonadenocarcinoma gastric
cancers (11) and otherwise unspecified malignant neoplasms of
the stomach (8); incident esophageal tumors (188); subjects lost to
follow-up (2,403); subjects from the Norwegian cohort with only
2 incident GC cases, and from the Greek cohort which lacked data
on fiber intakes (63,285); subjects lacking dietary data, including
data on fiber intakes(10,257); and subjects in the extreme 1% of
the energy intake vs. basal metabolic rate ratio.(9,436) The final
analysis sample included 435,678 subjects without GC at entry,
among whom 312 incident cases of GC were subsequently identi-
fied, including 91 cardia (19 at the gastro-esophageal junction
[GEJ]) and 154 noncardia tumors, with 67 designated as unknown
or mixed. The histological review designated 104 tumors as intes-
tinal and 106 as diffuse, with 102 cases categorized as mixed,
unknown or unclassified.

Cox proportional hazards models were used to estimate hazards
ratios (HRs) with 95% confidence intervals for the association
between fiber intakes and GC risk. Fiber intakes were analyzed as
sex-specific quartiles using both density variables (/100 kcals) and
as absolute amounts adjusted for energy, with similar results (data
not shown). Men and women were combined as no significant sex
differences were observed. Models were stratified by age (1-year
interval) and center. Final models, which closely resembled results
adjusting only for age, sex and study center, also included height,

TABLE I - INTAKES OF DIETARY FIBER FROM DIFFERENT FOOD SOURCES AMONG SUBJECTS WITH AND WITHOUT
INCIDENT GASTRIC ADENOCARCINOMA (GC): EPIC-EURGAST

Atrisk (n = 435,366)

Incident GC (n = 312)

Mean (SD) Median 25/75th percentile Mean (SD) Median 25/75th percentile

Total fiber

Men 24.38 9.17) 23.10 18.15/29.04 22.86 (9.23) 22.11 16.09/27.21

Women 22.95 (8.00) 21.90 17.42/27.22 21.69 (6.95) 21.10 17.02/25.66
Fiber types
Cereal fiber

Men 11.05 (6.11) 9.97 6.83/14.05 10.02 (5.79) 8.74 5.78/12.97

Women 8.08 (4.49) 7.27 4.95/7.27 7.57 (4.88) 6.28 4.63/9.70
Fruit fiber

Men 4.03 (3.85) 2.96 1.57/5.26 3.95 (4.26) 2.49 1.45/5.38

Women 4.92 (3.61) 4.23 2.45/9.26 5.24 (3.43) 4.79 2.67/6.86
Vegetable fiber

Men 3.80 (2.70) 3.19 1.96/4.96 3.73 (3.25) 3.01 1.59/4.57

Women 5.05 (3.26) 4.33 2.74/6.62 431 (2.92) 3.69 2.42/5.48

Total fiber also includes fiber from potatoes, legumes and other foods. Fiber intakes shown in grams. Fiber intakes/100 kcals obtained dividing
absolute intakes shown by mean energy intakes + 100 [mean (sd) energy intakes 2420 (666) kcals in men and 1979 (545) kcals in women].
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weight, education level and smoking status, as well as for other
types of fiber in the fiber subtype models. Adjusting for other
potential confounders (physical activity levels; history of cardio-
vascular disease or diabetes; intakes of cereal foods, vegetables,
citrus fruit,22 meat,23 alcohol, beta-carotene and vit E,24 vitamin
C,% and estimated endogenous nitrosamine levels (ENOCs)?° had
no meaningful effect, and these variables were excluded. Interac-
tions with smoking status, meat intakes, endogenous nitrosamine
levels and vitamin C were examined but were not significant,
although the sample size was small and potentially lacking in
power for detecting interactions. Models were run for all cases
and tumors diagnosed after the first 2 years of follow-up, with sim-
ilar results. Excluding subjects with cardiovascular disease or dia-
betes (n = 97,903), or with other prevalent cancers at baseline
(n = 20,739, 4.8% of the sample) had no meaningful effect (not
shown). Similarly, including nonadenocarcinoma gastric tumors
(n = 50) had no effect (not shown). To assess possible effects of
different definitions or analytic methods for estimating fiber con-
tent across countries, we also ran models using country- and sex-
specific quartiles vs. sample-wide sex-specific quartiles, and
obtained similar results. In supplementary models, a 24-hr recall
collected from a participant subset in each country was used to
calibrate dietary fiber intakes across centers and reduce measure-
ment error.”’ Because the calibration method requires continuous
variables, these models examined risk associated with a 1 SD
increase in fiber intakes.

Results

Cereal foods were the major source of dietary fiber, contributing
about 40% of total fiber intakes (Table I). Fruits and vegetables
were also major sources of dietary fiber. In multivariate models,
there was a significant inverse relationship between GC risk and
cereal fiber intakes (HR for highest vs. lowest quartile 0.69; 95 %
CI: 0.48-0.99; p trend 0.01) (Table II). The association was some-
what nonlinear, with similar HRs in the top 2 quartiles of intake.
Neither total fiber, nor fiber from fruits or vegetables, was associ-
ated with overall GAC risk.

After stratifying by histologic type, a linear inverse association
with cereal fiber was observed for diffuse tumors (HR for highest
vs. lowest quartile 0.43, 0.22-0.86) (Table III). There was no clear
association with intestinal type tumors. Stratitying by anatomical
location showed inverse associations for both cardia and noncardia
tumors. For noncardia tumors, associations reached significance
only in the third quartile, and were slightly higher and borderline
nonsignificant in the top quartile. Associations for cardia tumors
did not reach significance, perhaps because of the small number of
cases. Total, vegetable and fruit fiber did not appear to be mean-
ingfully associated with tumor subtypes, particularly after multi-
variate adjustment.

Results excluding subjects diagnosed in the first 2 years of
follow-up were similar to findings based on the entire cohort, with
a strong and significant reduction in risk of diffuse type tumors
associated with cereal fiber intakes (HR 0.44, 0.22-0.86 for the
top quartile of intake; other results not shown). In the calibrated
models, cereal fiber intakes were also significantly associated with
reduced risk of diffuse tumors (HR per 1 SD increase 0.50, 0.25—
0.99). Other results from the calibrated models were consistent
with the uncalibrated analysis, but associations were not signifi-
cant (not shown).

Discussion

Data from this large multicountry European cohort study sug-
gest a possible protective effect of cereal fiber, but not total, vege-
table or fruit fiber, for GC. We have only studied fiber in foods
which means that our results cannot be extrapolated to dietary sup-
plements containing fiber. The finding of protective effects limited
to fiber from cereal foods is consistent with a Swedish case-con-
trol study® which found inverse associations between intakes of

p-trend
0.82
0.01
0.95
0.41

(0.6, 1.46)

95% CI1
(0.63, 1.26)
(0.48, 0.99)
(0.64. 1.28)

HR
0.89
0.69
0.90
1.00

Q4

67/109,521
67/109,451
68/108,816
88/108,789

No. of cases/at risk

95% CI
(0.75, 1.40)
(0.45, 0.88)
(0.54, 1.06)
(0.65, 1.25)

Q3
HR
1.03
0.63
0.75
0.90

86/109,418
64/109,168
74/108,998
68/108,866

No. of cases/at risk

95% C1
(0.60, 1.13)
(0.64, 1.17)
(0.65, 1.23)
(0.57, 1.08)

Q
HR
0.82
0.87
0.90
0.79

71/109,093
84/108,725
73/109,007
76/108,870

No. of cases/at risk

Ql'

No. of cases/at risk
88/107,334
98/108,022
97/108,545
80/108,841

TABLE 1II - INTAKES OF DIETARY FIBER FROM DIFFERENT FOOD SOURCES AND RISK OF INCIDENT GASTRIC ADENOCARCINOMA (GC): EPIC-EURGAST

ypes of fiber in the fiber sub-type model. HR, hazard ratio; CI, 95% confidence interval; Q1-Q4, quartiles 14 of fiber intakes.

Sex-specific cohort wide quartiles. Quartiles of Intake/100 Kcals.

Vegetable fiber
Fruit fiber

Cereal fiber
Estimated using multivariate cox proportional hazards models stratified by age and center using age as the time-scale variable, adjusted for sex, height, weight, education level, smoking status,

Total fiber'
Fiber types
as well as for other t

1
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TABLE III — FIBER INTAKES FROM DIFFERENT FOOD SOURCES AND RISK OF ANATOMICAL AND HISTOLOGICAL SUB-TYPES OF GC: EPIC-EURGAST

Histologic subtypes

Anatomical subtypes

Ditfuse (n = 106)

Intestinal (n = 104)

Cardia (n = 91) Noncardia (n = 154)

Cases HR 95% CI Cases HR 95% CI Cases HR 95% CI Cases HR 95% CI

Total fiber

Lowest quartile 31 1.00 32 1.00 22 1.00 51 1.00

2nd quartile 24 083 (0.49,1.44) 26 085 (0.50,1.44) 23 1.13 (0.63,2.06) 29 0.61 (0.39,0.98)

3rd quartile 31 1.17  (0.69,1.97) 23 0.82 (047,145 24 1.25  (0.68,229) 46 1.0l (0.66, 1.54)

Highest quartile 20 0.87 (0.47,1.60) 23 092 (0.50,1.67) 22 1.34  (0.71,2.54) 28  0.66 (0.39,1.10)

p for trend 0.98 0.71 0.34 0.36
Cereal fiber

Lowest quartile 34 1.00 35  1.00 30 1.00 50  1.00

2nd quartile 32 092 (056,150)0 25 074 (044,125 22 076 (0.43,1.34) 46 097 (0.64,1.46)

3rd quartile 25 0.67 (0.39,1.17) 18 061 (0.33,1.100 20 063 (0.34,1.15 27 057 (0.35,0.94)

Highest quartile 15 043 (0.22,086) 26 098 (0.54,1.80) 19 067 (035,1.28) 31 069 (041,1.16)

p for trend 0.01 0.61 0.16 0.04
Fruit fiber

Lowest quartile 28 1.00 25 1.00 25 1.00 42 1.00

2nd quartile 25 082 (047,142) 24 085 (0.48,1.51) 25 1.05 (0.60,1.85) 35 073 (047,1.16)

3rd quartile 27 088 (0.50,1.53) 24 0.74 (0.41,1.34) 22 091 (0.50,1.67) 31 0.60 (0.37,0.97)

Highest quartile 26 0.77 (0.42,1.41) 31 0.85 (0.46, 1.56) 19 081 (0.42,157) 46 0.75 (0.46,1.23)

p for trend 0.44 0.54 0.47 0.20
Vegetable fiber

Lowest quartile 35 1.00 38 1.00 21 1.00 53 1.00

2nd quartile 27 091 (054,1.53) 24 0.65 (0.38,1.10) 16 080 (041,158 37 080 (0.52,1.24)

3rd quartile 27 1.15 (0.67,2.000 24 0.77 (044,134) 27 1.50 (0.80,2.80) 34 090 (0.57,1.44)

Highest quartile 17 1.15  (0.58,2.30) 18 0.71 (0.36,2.39) 27 1.65 (0.81,3.35) 30 1.00 (0.58,1.74)

p for trend 0.58 0.38 0.06 0.99

Quartiles of intakes/100 kcals. Multivariate models stratified by age and center using age as the time-scale variable, adjusted for sex, height,
weight, education level, smoking status, as well as for other types of fiber in the fiber sub-type model. HR, hazard ratio; CI, 95% confidence

interval; Q2-Q4, quartiles 2—4 of fiber intakes.

cereal fiber, but not fruit or vegetable fiber, for adenocarcinomas
of the gastric cardia. In our study, associations with gastric cardia
did not reach statistical significance, perhaps in part due to the
relatively small number of cases at this site in our sample.

Our results suggested that associations between cereal fiber
and GC may be limited to diffuse type tumors. To our knowl-
edge, previous studies have not examined cereal fiber intakes in
relation to different histologic subtypes of gastric cancer. Tumors
of different histologic type may be etiologically heterogeneous,
reflected for example in the lower prominence of multifocal atro-
phy and metaplasia in the poorly differentiated diffuse tumor
type relative to intestinal type tumors.”® However, reasons for
possible differences in risk of different histological types with
respect to cereal fiber consumption are unclear. Future studies
with larger numbers of cases and more power to examine differ-
ences across histologic types are needed to confirm this finding
and to explore associations that may explain the underlying
mechanisms.

Like a previous prospective study,'> we did not find associa-
tions between total dietary fiber intakes and gastric cancer risk.
That study did not find reduced risk of GC associated with either
soluble or insoluble fiber, but did not examine effects of fiber from
different food sources. Both of these types of dietary fiber are
found in different food sources, including cereals, fruits and vege-
tables. As we were unable to quantify intakes in terms of soluble
vs. insoluble fiber, we were unable to assess whether associations
with these fiber subtypes were also neutral in our population.
However, like other prospective studies including the previous
study exploring dietary fiber, we observed weak associations with
fruit and vegetable consumption.?>%*°

In vitro research suggests that components of whole grains, the
major source of cereal fiber, may protect against gastric carcino-
mas by acting as a nitrite scavenger in conditions similar to those
that exist in the stomach, potentially countering the carcinogenic
effects of N-nitroso compounds (NOCs).31 Consistent with this
hypothesized mechanism, we previously reported an increased

risk of GC associated with high levels of endogenous NOCs
(ENOCs), which were estimated based on reported red meat
intakes.”® We did not observe stronger effects of cereal fiber in
subjects with high vs. low ENOCs levels [for overall GC, HRs
for >median intakes were 0.75 (0.57-0.99) at high and 0.80
(0.52-1.23) at low ENOCs levels, respectively (p-value for
ENOC-cereal fiber interaction ns). However, cross-classifying
subjects based on ENOCs and cereal fiber intakes, we found that
the combination of high cereal fiber with low ENOCs levels
appeared to be associated with a greater reduced risk (HR 0.54,
0.38-0.76) than either low ENOCs/low fiber (HR 0.71, 0.52-0.99)
or high fiber/high ENOCs (HR 0.71, 0.52-0.98).

As in a number of previous case control studies, e
did not find reduced risk of GC associated with high intakes of ce-
real foods (i.e. breads, rice, pasta; data not shown), suggesting that
the reduced risk observed was specific to eating cereal foods with
high fiber content, such as cereal products containing whole
grains. This is consistent with in vitro research, in which reduced
nitrosation occurred in the presence of wheat bran but not refined
wheat flour.?" Previous cohort® and case-control studies®*™' have
also reported reduced risk of GC associated with consumption of
whole grains, but not necessarily with refined grain foods. As
details on whole vs. refined cereal foods were not uniformly avail-
able for all EPIC centers, we were unable to specifically explore
effects of whole grain foods. Nonetheless, cereal fiber intakes are
more strongly related to whole grain than to overall cereal food
consumption.*?

It is unclear whether specific components of whole grain foods
other than fiber may be responsible for any beneficial effects in
gastric carcinogenesis. Whole grain also contain antioxidants
compounds which may be chemoprotective.** We therefore exam-
ined whether effects were confounded by dietary antioxidants or
alternative nitrate scavengers such as vitamin C, beta-carotene and
vitamin E. Adjusting for these compounds did not affect our find-
ings (not shown). Similarly, adjusting for H. pylori infection and
plasma vitamin C using data from the nested case control study in

4,5,9,11,32-34 W
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which biomarkers were measured>>** did not meaningfully affect
results (not shown).

In conclusion, this analysis suggests that high intakes of cereal
fiber—or perhaps whole grain foods rich in cereal fiber—may
help to reduce risk of GC, in particular diffuse type tumors. Given
the possibility that fiber intakes may help to reduce risk of other
cancers including colorectal tumors,* as well as the beneficial
associations reported for cardiovascular disease*® these findings
provide an additional basis for continuing to promote consumption
of cereal fiber and whole grains. However, given the small sample
size, particularly for specific tumor sites and histological types,
it is important that these relationships be explored in future
studies.
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