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BACKGROUND. Numerous components of fruit and vegetables are considered to

decrease the risk of gastric carcinoma. In the current prospective study, the authors

examined the association between the intake of vitamins, carotenoids, and dietary

fiber and vitamin supplement use and the incidence rate of gastric carcinoma.

METHODS. The Netherlands Cohort Study began in 1986 with 120,852 men and

women ages 55– 69 years. Data regarding diet and other covariates were collected

by means of a self-administered questionnaire. After 6.3 years of follow-up, data

regarding 282 incident cases of gastric carcinoma and 3123 subcohort members

were available for case-cohort analyses.

RESULTS. In analyses adjusted for age, gender, smoking history, education, stom-

ach disorders, and family history of gastric carcinoma, an inverse association with

vitamin C intake (relative risk [RR] for highest vs. lowest intake category, 0.7; 95%

confidence interval [95% CI], 0.5–1.0) was observed, with a borderline significant

trend across three intake categories (P 5 0.06). After the exclusion of cases diag-

nosed in the first and second follow-up years, the RR was 0.9 (95% CI, 0.6 –1.2; P

trend 5 0.44). Intake of retinol and b-carotene were associated positively with

gastric carcinoma risk with highest versus lowest quintile RRs of 1.6 (95% CI,

1.0 –2.5; P trend 5 0.02) and 1.6 (95% CI, 1.0 –2.6; P trend 5 0.13), respectively, after

the exclusion of first-year and second-year cases. Intake of folate, vitamin E,

a-carotene, lutein plus zeaxanthin, b-cryptoxanthin, lycopene, and dietary fiber

was not associated with gastric carcinoma. Patients who used vitamin A-containing

supplements had a lower risk of gastric carcinoma than nonusers (RR 5 0.4; 95%

CI, 0.2– 0.9).

CONCLUSIONS. No clear inverse associations were found between the intake of

vitamins, carotenoids, and dietary fiber and the risk of gastric carcinoma after

adjustment for confounding variables and the exclusion of first-year and second-

year cases. Cancer 2000;88:737– 48. © 2000 American Cancer Society.

KEYWORDS: gastric neoplasms, vitamins, carotenoids, dietary fiber, vitamin sup-
plements, cohort study.

Case-control studies have shown a rather consistent inverse asso-
ciation between fruit and vegetable consumption and the risk of

gastric carcinoma.1–3 The results of prospective studies, however, are
more variable.4 –12 Numerous components of fruit and vegetables,
e.g., vitamins C and E, carotenoids, dietary fiber, flavonoids, phenols,
and hydrolysis products of glucosinolates, may be responsible for the
protective effect against gastric carcinoma. The mechanisms of action
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by which these components may act include antioxi-
dant effects (vitamins C, E, carotenoids, and fla-
vonoids), inhibition of nitrosamine formation (vita-
mins C and E), and dilution or binding of carcinogens
(fiber).13–15

With regard to the risk of gastric carcinoma, di-
etary intake of vitamins C and E, b-carotene, and
retinol (or vitamin A) have been studied most exten-
sively in case– control studies. For vitamin C and
b-carotene, a consistent inverse association was
found, but none was found for vitamin E.16 Retinol is
found only in foods derived from animal sources but is
studied in relation to the risk of gastric carcinoma
because of its vitamin A activity. Retinol is supposed to
reduce risk because it is involved in the regulation of
cell differentiation.1 However, the intake of retinol was
not associated clearly with the risk gastric carcino-
ma.16 Furthermore, two prospective studies6,11 and
two randomized nutrition intervention trials17,18 have
been conducted on the dietary intake of vitamins C
and E, b-carotene, and retinol, all with conflicting
results.

The association between other components of
fruit and vegetables (e.g., folate, dietary fiber, and
carotenoids)19 –22 and the use of vitamin-containing
supplements11,21 and the risk of gastric carcinoma
have been investigated only in a few studies.

In the Netherlands Cohort Study on diet and can-
cer (NLCS), we studied the association between the
intake of vitamins C and E, folate, retinol and dietary
fiber, and the use of vitamin-containing supplements
and the risk of gastric carcinoma after 6.3 years of
follow-up. Furthermore, with the use of a recently
developed carotenoid food composition table,23 anal-
yses were performed with a-carotene, b-carotene, lu-
tein plus zeaxanthin, b-cryptoxanthin, and lycopene.

MATERIALS AND METHODS
The Netherlands Cohort Study
The NLCS is a prospective cohort study that began in
September 1986 among the general population. The
study design has been described previously.24 Briefly,
the cohort included 62,573 women and 58,279 men
ages 55– 69 years at the beginning of the study. At
baseline, the cohort members completed a mailed,
self-administered questionnaire on dietary habits and
other risk factors for cancer. For data analysis, the
case-cohort approach was used in which cases were
derived from the entire cohort, whereas the person-
years at risk of the entire cohort were estimated from
a random sample of 3500 subjects (subcohort).25 This
subcohort (1688 men and 1812 women) was sampled
from the cohort after the baseline measurement and

was followed for vital status over 6.3 years. No subco-
hort members were lost to follow-up.

Follow-up to determine the incidence rate of
cancer was established by record linkage with can-
cer registries and a pathology register.26 The current
analyses were restricted to cancer incidence in the
first 6.3 years of follow-up from September 1986
until December 1992. After excluding subjects who
reported prevalent gastric carcinoma at baseline,
patients with in situ gastric carcinoma, and those
with gastric carcinoma other than carcinoma or
without microscopically confirmed gastric carci-
noma, there were 310 (242 men and 68 women)
incident gastric carcinoma cases remaining. In the
subcohort, 1630 men and 1716 women remained on
the study after excluding prevalent cancer cases
other than skin carcinoma.

The Dietary Questionnaire
The dietary section of the questionnaire was a 150-
item semiquantitative food frequency questionnaire
concentrating on habitual consumption of food and
beverages during the year preceding the beginning
of the study. The questionnaire was validated
against a 9-day diet record.27 In this study, variables
of principal interest were vitamins C and E, folate,
retinol, carotenoids, dietary fiber, and the use of
vitamin-containing supplements. The mean daily
intake of vitamins C and E, retinol, and dietary fiber
were calculated using the computerized Dutch Food
Composition Table.28 For folate, most information
was derived from the McCance and Widderson food
composition table.29

For calculating the intake of specific carotenoids,
an additional food composition table has been con-
structed recently.23 With this carotenoid table, we
were able to evaluate six of the most important types
of carotenoids: a-carotene, b-carotene, lutein, zeaxan-
thin, b-cryptoxanthin, and lycopene. Briefly, foods
that are the main sources of carotenoids (e.g., vegeta-
bles) were sampled and analyzed for a-carotene,
b-carotene, lutein, zeaxanthin, and lycopene. Some
other foods, such as margarines, also were analyzed to
check data supplied by manufacturers. For all other
foods, data were derived from recent studies based on
similar methods of analysis. In the carotenoid food
composition table, lutein and zeaxanthin were com-
bined, because most literature sources had not distin-
guished these two carotenoids. Most vegetables, how-
ever, contain primarily lutein and only minor amounts
of zeaxanthin.

In the Dutch Food Composition Table dietary fi-
ber is a collective noun for lignin, cellulose, hemicel-
lulose, and pectins (in this study, fiber was regarded
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collectively as total dietary fiber). Dietary fiber also
can be regarded as nonstarch polysaccharides (NSP).
Data from the NSP content of foods were used to
calculate the intake of soluble, insoluble, and total
NSPs in this study. The NSP content of foods was
calculated using the Englyst method.30 Lignin is not a
component of NSPs.

Information on dietary supplement use was col-
lected at baseline using an open-ended question with
space for adding four different supplements. Subjects
were asked whether they used vitamin tablets, drops,
or other preparations during the 5-year period before
baseline. We did not have information on the vitamin
content of the supplements or how often a supple-
ment was used.

Other factors relevant to the association between
vitamins, dietary fiber, and the use of vitamin-con-
taining supplements and the risk of gastric carcinoma
included age, gender, level of education (low, me-
dium, and high),31 gastric disorders (yes or no), family
history of gastric carcinoma (yes or no), smoking his-
tory (never, exsmoker, and current smoker), pack
years of smoking, coffee and alcohol consumption
(grams per day), and energy intake (kjoules per day).
In this study, gastric disorders were defined as the
presence of any gastric disease in the past that re-
quired medical attention (e.g., peptic ulcer, gastritis).

Data Analysis
Subjects with incomplete or inconsistent dietary data
were excluded,27 leaving 282 patients (219 men and 63
women) with gastric carcinoma and 3123 subcohort
members (1525 men and 1598 women) for the analy-
ses. Subjects were classified by quintile of intake of the
vitamins, carotenoids, and dietary fiber or were clas-
sified by their use of vitamin-containing supplements
(yes or no), depending on the distribution in the sub-
cohort. For vitamin C, quintiles 2 and 3 and quintiles
4 and 5 were combined, because the validation study
demonstrated that these quintiles could not be distin-
guished.27

All analyses were conducted for men and women
together. Because of potential influence of prediag-
nostic symptoms of gastric carcinoma on food con-
sumption, all analyses also were conducted after ex-
cluding patients who were diagnosed in the first and
second years of follow-up.4,32

The mean daily intake of vitamins, carotenoids,
dietary fiber, or, in the case of vitamin supplements,
the number and percentage were presented for all
cases, with the exception of those patients who were
diagnosed in the first or second years of follow-up and
subcohort members. Pearson correlation coefficients

were calculated for vitamins, carotenoids, and dietary
fiber and for energy intake in the subcohort.

Data were analyzed using the case-cohort ap-
proach.25 Age-adjusted and gender-adjusted rate ra-
tios (RRs) for gastric carcinoma and their 95% confi-
dence intervals (95% CI) were computed for all
variables using the GLIM statistical package (Numer-
ical Algorithms Group, Oxford, United Kingdom).33

Exponentially distributed survival times were assumed
in the follow-up period. Specific macros were devel-
oped to account for the additional variance intro-
duced by using the subcohort instead of using the
entire cohort.34 Tests for trend in the RRs were based
on likelihood ratio tests. The basic multivariate model
included age, gender, level of education, gastric disor-
ders, family history of gastric carcinoma, and smoking
history. Energy intake, nitrite intake, and sodium in-
take were not included in multivariate analyses, be-
cause these variables were not associated with the risk
of gastric carcinoma in our study.35 This was sup-
ported by the fact that additional inclusion of energy,
nitrite, or sodium intake levels in the model did not
change the risk estimates. Coffee, alcohol consump-
tion, and pack years of smoking were associated pos-
itively with the risk of gastric carcinoma risk; however,
adding these variables to the multivariate model did
not essentially change the results. More elaborate
models were build to identify the unique contribution
of specific vitamins or carotenoids to the risk of gastric
carcinoma. Furthermore, we studied the interaction
between vitamins C and E (both antioxidant vitamins)
and between vitamin C and folate (both compounds
in vegetables) by calculating multivariate RRs for com-
binations of vitamin C intake (three categories) and
vitamin E or folate intake (tertiles).

RESULTS
The mean baseline intake levels of vitamins, carote-
noids, and dietary fiber in all patients with gastric
carcinoma, in the case-group without patients who
were diagnosed in the first or second follow-up years,
and in the group of subcohort members are presented
in Table 1. All patients and the restricted case-group
had a slightly higher intake of retinol and vitamin E
than subcohort members. The two case groups had a
lower intake of vitamin C and lycopene than the sub-
cohort members. For folate and lutein plus zeaxan-
thin, there were no differences in intake levels be-
tween all cases and subcohort members; the intake of
the restricted case group was higher than that of sub-
cohort members. Intake levels of a-carotene, b-caro-
tene, and b-cryptoxanthin in the two case groups were
comparable to the levels in the subcohort members.
Intakes of the four fiber variables were similar in the

Vitamins, Fiber, and Gastric Carcinoma/Botterweck et al. 739



two case groups and the subcohort members. A higher
percentage of subcohort members used vitamin-con-
taining supplements (vitamin A, C, or E) compared
with the two case groups. There were minor differ-
ences in the percentage of vitamin users between the
two case groups.

Pearson correlation coefficients (r) were high
between vitamin C intake and b-cryptoxanthin in-
take (r 5 0.77), between folate and either vitamin C
(r 5 0.65), b-carotene (r 5 0.60), or lutein plus
zeaxanthin (r 5 0.66) and between a-carotene and
b-carotene (r 5 0.93) and b-carotene and lutein plus
zeaxanthin (r 5 0.68). Highly correlated with energy
intake were folate (r 5 0.58), vitamin E (r 5 0.53),
total dietary fiber (r 5 0.58), and total NSP (r 5 0.57)
(data not shown).

In the subcohort, mean intake of vitamins, caro-
tenoids, and dietary fiber was compared across cate-
gories of potential confounders (data not shown).
With increasing age (three age categories: 55–59 years,
60 – 64 years, and 65-69 years), the intake of retinol,
folate, vitamin E, a-carotene, b-carotene, lutein plus
zeaxanthin, and all fiber variables was decreased; the

intake of vitamin C and b-cryptoxanthin was in-
creased. Men had a higher intake of retinol, vitamin E,
folate, lutein plus zeaxanthin, and dietary fiber and a
lower intake of vitamin C, b-cryptoxanthin, and lyco-
pene compared with women. There was no difference
in the intake of a-carotene and b-carotene between
men and women. Subjects with gastric disorders had a
lower intake of vitamins, carotenoids (except lyco-
pene), and dietary fiber compared with subjects with-
out stomach disorders. The intake of vitamins and
carotenoids was lower in subjects with a positive fam-
ily history of gastric carcinoma, but the intake of di-
etary fiber did not differ between subjects with and
without a positive family history. A positive associa-
tion was found between the three levels of education
(low, medium, and high) and the intake of vitamins
and lycopene. The intake of b-carotene and dietary
fiber did not differ between the levels of education.
For the other variables, no clear pattern was shown.
Smokers had a higher intake of retinol and lutein plus
zeaxanthin but a lower intake of vitamins C and E,
folate, and the other carotenoids compared with ex-
smokers and never smokers. There was no difference

TABLE 1
Vitamin, Carotenoids, and Dietary Fiber Intake and Vitamin Supplement Use in all Stomach Carcinoma Cases, in Case Groups with First-Year
and Second-Year Cases Excluded, and Subcohort Members: Netherlands Cohort Study 1986 –1992

Nutrient variable

Vitamin, carotenoids, and dietary fiber intake (mean 6 SD)

Cases (mean 6 SD)

Subcohort
(n 5 3123)All (n 5 282)

First and second year
cases excluded (n 5 208)

Vitamins (mg/day)
Retinol 0.60 6 0.32 0.61 6 0.31 0.54 6 0.31
Vitamin C 96.59 6 43.85 98.94 6 44.02 103.42 6 43.03
Vitamin E 13.53 6 6.35 13.88 6 6.53 13.36 6 6.24
Folate 289.76 6 74.14 295.54 6 73.04 289.71 6 77.33

Carotenoids (mg/day)
Alpha-carotene 0.66 6 0.48 0.68 6 0.48 0.70 6 0.58
Beta-carotene 2.92 6 1.43 3.01 6 1.42 2.97 6 1.58
Lutein and zeaxanthin 2.54 6 1.18 2.64 6 1.21 2.52 6 1.11
Beta-cryptoxanthin 0.16 6 0.17 0.16 6 0.16 0.18 6 0.17
Lycopene 1.09 6 1.65 1.01 6 0.97 1.19 6 1.74

Dietary fiber (g/day)
Total dietary fiber 26.98 6 7.48 27.34 6 7.26 27.03 6 8.20
Total nonstarch polysaccharides 19.09 6 5.69 19.35 6 5.56 19.06 6 5.90

Soluble nonstarch polysaccharides 8.40 6 2.49 8.52 6 2.43 8.34 6 2.50
Insoluble nonstarch polysaccharides 10.72 6 3.40 10.86 6 3.35 10.74 6 3.57

Vitamin supplement in use: no. (%)
Vitamin A-containing supplement 8 (2.8) 5 (2.4) 226 (7.2)
Vitamin C-containing supplement 19 (6.7) 16 (7.7) 325 (10.4)
Vitamin E-containing supplement 11 (3.9) 8 (3.8) 204 (6.5)

SD: standard deviation.
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in dietary fiber intake between never smokers, ex-
smokers, and smokers.

A higher percentage of vitamin-containing sup-
plement users were women, had a higher level of
education, had no history of gastric carcinoma in the
family, and were never smokers. Those who used sup-
plement consumed less coffee and more fruit and
vitamins (vitamin C, folate, retinol, a-carotine, b-car-
otene, b-cryptoxanthin, and lycopene) in this study
(data not shown).

The RRs of vitamins, carotenoids, supplement
use, and dietary fiber are shown in Tables 2–5. The
three types of analyses included age-adjusted and
gender-adjusted, and multivariate analyses of all pa-
tients with gastric carcinoma and multivariate analy-
ses after the exclusion of patients who were diagnosed
in the first and second follow-up years. For retinol, no
clear association was found with the risk of gastric
carcinoma in the age-adjusted and gender-adjusted,
and multivariate adjusted analyses. However, after the
exclusion of first-year and second-year cases, a posi-
tive association was observed (RR highest vs. lowest
quintile, 1.6; 95% CI, 1.0 –2.5; P trend 5 0.02) (Table 2).
Vitamin C showed a significant inverse association
with risk of gastric carcinoma in the age-adjusted and
gender-adjusted analyses, with RRs of 0.6 and 0.7 for
the second and third intake categories, respectively (P
trend 5 0.01). This association became weaker and
was of borderline significance in the multivariate anal-
ysis (P trend 5 0.06). The RRs moved close to 1.0 after
the exclusion of first-year and second-year cases: The
RRs for increasing intake categories were 1.0, 0.8, and
0.9 (P trend 5 0.44) (Table 2). Additional adjustment
for other vitamins did not change appreciably the
observed associations for retinol and vitamin C (data
not shown). No clear associations were found between
the intake of vitamin E, folate, a-carotene, lutein and
zeaxanthin, and lycopene and the risk of gastric car-
cinoma in the age-adjusted and gender-adjusted, and
multivariate analyses. For folate and a-carotene, RRs
became higher than 1.0 after the exclusion of first-year
and second-year cases but without an apparent trend
(P trend 5 0.40 and P trend 5 0.48, respectively)
(Tables 2 and 3). Also, no association was observed
with the intake of b-carotene in the age-adjusted and
gender-adjusted analyses and the multivariate analy-
sis. Exclusion of first-year and second-year cases re-
sulted in a nonsignificant, positive association with
the risk of gastric carcinoma; the RRs for increasing
quintiles were 1.0, 1.5, 1.2, 1.3, and 1.6 (P trend 5 0.13)
(Table 3). Inclusion of the other vitamins in the mod-
els did not alter the RRs (data not shown). The non-
significant, inverse association between b-cryptoxan-
thin and gastric carcinoma that was observed in the

age-adjusted and gender-adjusted analyses became
weaker after multivariate adjustment and disappeared
totally after the exclusion of first-year and second-year
cases (Table 3).

Those who used vitamins A, C, or E containing
supplements had a lower risk of gastric carcinoma
compared with nonusers in all types of analyses, but
only those who used vitamin A-containing supple-
ments had a significantly decreased RR (Table 4). The
additional inclusion of vitamin variables and the use
of vitamin C and E containing supplements in the
model did not change the RRs substantially for users
of vitamin A-containing supplements (data not
shown). However, the nonsignificant association be-
tween the use of vitamin C or E containing supple-
ments and the risk of gastric carcinoma disappeared
completely after additional adjustment for vitamins
and use of supplements containing vitamins A and E
and vitamins C and A, respectively.

No association was found for total dietary fiber,
total NSP, soluble NSP, and insoluble NSP in either the
age-adjusted and gender-adjusted, or multivariate
analyses or in the analyses that excluded first-year and
second-years cases (Table 5). The RRs for combined
exposure to vitamins C and E and to vitamin C and
folate are presented in Table 6. In each tertile of vita-
min E, increasing intake of vitamin C was associated
with a lower risk of gastric carcinoma. The pattern was
less clear for vitamin E. After the exclusion of first-year
and second-year cases, the RRs all were closer to 1.0.
For combined exposure of vitamin C and folate, no
consistent pattern was observed in any of the analyses.

DISCUSSION
In this study, an inverse association of vitamin C with
the risk of gastric carcinoma was found in age-ad-
justed and gender-adjusted analyses that became less
apparent after controlling for several confounders and
after the exclusion of patients who were diagnosed in
the first and second follow-up years. The intake of
retinol and b-carotene were associated positively with
the risk of gastric carcinoma. No clear associations
were observed for vitamin E, folate, a-carotene, lutein
plus zeaxanthin, b-cryptoxanthin, lycopene, or dietary
fiber. The use of vitamin A-containing supplements
was associated with a reduced risk of gastric carci-
noma.

The NLCS was carried out in a large sample of the
general population of men and women ages 55– 69
years at baseline. After 6.3 years of follow-up, 310
gastric carcinoma cases were detected, substantially
greater than any other prospective study that investi-
gated the association between vitamins and the risk of
gastric carcinoma.6,11
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Biased recall of diet was unlikely in this study,
because the dietary intake data were collected before
gastric carcinoma was diagnosed. Selection bias also
was unlikely because of the high completeness of fol-
low-up of the patients and subcohort members.36 In

the multivariate analyses, we controlled for all mea-
sured risk factors of gastric carcinoma. However, un-
measured or unknown factors may have caused resid-
ual confounding. We had no information about the
prevalence of Helicobacter pylori infection among the

TABLE 2
Age-Adjusted and Gender-Adjusted Rate Ratios, Multivariate Rate Ratios, and 95% Confidence Intervals of Stomach Carcinoma According to
Quintiles of Vitamins: Netherlands Cohort Study 1986 –1992

Vitamins

Intake in quintiles/category
Test for trend
P value1 (low)a 2 3 4 5 (high)

Retinol
Median intake (mg/day) 0.26 0.38 0.48 0.61 0.86 —
Cases/person years 50/3807 32/3812 63/3807 56/3820 81/3769 —
RRb 1.0 0.6 1.0 0.8 1.1 —
95% CI — 0.4–0.9 0.7–1.5 0.6–1.2 0.8–1.7 0.13
Cases/person years 50/3763 32/3780 63/3788 55/3814 81/3741 —
Multivariate RRc 1.0 0.6 1.0 0.8 1.2 —
95% CI — 0.4–0.9 0.7–1.5 0.5–1.2 0.8–1.7 0.12
Cases/person yearsd 30/2534 27/2519 47/2543 39/2569 64/2480 —
Multivariate RR 1.0 0.8 1.3 0.9 1.6 —
95% CI — 0.5–1.4 0.8–2.0 0.6–1.5 1.0–2.5 0.02

Vitamin C
Median intake (mg/day) 55.00 86.65 134.80 — — —
Cases/person years 84/3771 101/7600 97/7644 — — —
RRb 1.0 0.6 0.7 — — —
95% CI — 0.5–0.9 0.5–0.9 — — 0.01
Cases/person years 83/3737 101/7537 97/7613 — — —
Multivariate RRc 1.0 0.7 0.7 — — —
95% CI — 0.5–1.0 0.5–1.0 — — 0.06
Cases/person yearsd 56/2506 75/5049 76/5090 — — —
Multivariate RR 1.0 0.8 0.9 — — —
95% CI — 0.5–1.1 0.6–1.2 — — 0.44

Vitamin E
Median intake (mg/day) 6.59 9.26 12.26 15.82 21.70 —
Cases/person years 54/3765 46/3842 62/3807 62/3818 58/3783 —
RRb 1.0 0.8 1.0 1.0 0.8 —
95% CI — 0.5–1.2 0.7–1.5 0.7–1.4 0.5–1.2 0.46
Cases/person years 53/3724 46/3817 62/3789 62/3812 58/3745 —
Multivariate RRc 1.0 0.8 1.1 1.0 0.8 —
95% CI — 0.5–1.2 0.7–1.6 0.7–1.5 0.5–1.2 0.62
Cases/person yearsd 38/2481 29/2552 46/2539 50/2565 44/2508 —
Multivariate RR 1.0 0.7 1.1 1.1 0.9 —
95% CI — 0.4–1.2 0.7–1.7 0.7–1.7 0.6–1.4 0.83

Folate
Median intake (mg/day) 201.96 245.93 282.06 321.34 384.16
Cases/person years 53/3762 56/3840 59/3662 54/3749 60/3803
RRb 1.0 0.9 0.9 0.9 0.9
95% CI — 0.6–1.4 0.6–1.4 0.6–1.3 0.6–1.3 0.39
Cases/person years 53/3715 55/3827 59/3830 54/3718 60/3797 —
Multivariate RRc 1.0 1.0 1.0 0.9 1.0 —
95% CI — 0.7–1.5 0.7–1.5 0.6–1.4 0.6–1.4 0.71
Cases/person yearsd 32/2485 41/2570 45/2564 40/2486 49/2539 —
Multivariate RR 1.0 1.2 1.3 1.1 1.3 —
95% CI — 0.8–1.9 0.8–2.1 0.9–1.8 0.8–2.1 0.40

RR: rate ratio; CI: confidence interval.
a Reference category.
b Adjusted for age and gender.
c Adjusted for age, gender, smoking status, education, stomach disorders, and family history of stomach carcinoma.
d Analyses with first-year and second-year cases excluded and adjusted for age, gender, smoking status, education, stomach disorders, and family history of stomach carcinoma.
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TABLE 3
Age-Adjusted and Gender-Adjusted Rate Ratios, Multivariate Rate Ratios, and 95% Confidence Intervals of Stomach Carcinoma According to
Quintiles of Carotenoids: Netherlands Cohort Study 1986 –1992

Carotenoids

Intake in quintiles
Test for trend
P value1 (low)a 2 3 4 5 (high)

Alpha-carotene
Median intake (mg/day) 0.19 0.38 0.57 0.82 1.32 —
Cases/person years 61/3769 55/3824 58/3808 51/3802 57/3813 —
RRb 1.0 0.9 0.9 0.8 1.0 —
95% CI — 0.6–1.3 0.7–1.4 0.6–1.2 0.7–1.4 0.79
Cases/person years 61/3709 55/3792 57/3789 51/3796 57/3800 —
Multivariate RRc 1.0 0.9 1.0 0.9 1.0 —
95% CI — 0.6–1.3 0.7–1.4 0.6–1.3 0.7–1.5 1.00
Cases/person yearsd 39/2465 41/2546 44/2545 40/2545 43/2545 —
Multivariate RR 1.0 1.0 1.1 1.0 1.2 —
95% CI — 0.6–1.6 0.7–1.8 0.7–1.6 0.8–1.9 0.45

Beta-carotene
Median intake (mg/day) 1.43 2.11 2.66 3.36 4.77 —
Cases/person years 54/3775 63/3818 52/3813 52/3785 61/3824 —
RRb 1.0 1.1 0.9 0.9 1.2 —
95% CI — 0.8–1.6 0.6–1.9 0.6–1.4 0.8–1.7 0.83
Cases/person years 54/3722 63/3805 51/3782 52/3766 61/3812 —
Multivariate RRc 1.0 1.2 1.0 1.0 1.2 —
95% CI — 0.8–1.7 0.6–1.5 0.6–1.5 0.8–1.8 0.61
Cases/person yearsd 32/2484 49/2547 37/2542 41/2522 48/2550 —
Multivariate RR 1.0 1.5 1.2 1.3 1.6 —
95% CI — 1.0–2.4 0.7–1.9 0.7–2.1 1.0–2.6 0.13

Lutein and zeaxanthin
Median intake (mg/day) 1.35 1.87 2.34 2.83 3.81 —
Cases/person years 68/3794 47/3787 53/3817 47/3802 67/3816 —
RRb 1.0 0.7 0.7 0.7 1.0 —
95% CI — 0.5–1.0 0.5–1.1 0.5–1.0 0.7–1.4 0.86
Cases/person years 68/3766 46/3768 53/3785 47/3770 67/3797 —
Multivariate RRc 1.0 0.7 0.8 0.7 1.0 —
95% C — 0.5–1.1 0.5–1.2 0.5–1.0 0.7–1.5 0.94
Cases/person yearsd 43/2513 34/2520 41/2550 36/2530 53/2532 —
Multivariate RR 1.0 0.8 0.9 0.8 1.3 —
95% CI — 0.5–1.3 0.6–1.5 0.5–1.3 0.8–2.0 0.25

Beta-cryptoxanthin
Median intake (mg/day) 0.02 0.06 0.13 0.25 0.39 —
Cases/person years 82/3783 54/3823 52/3791 42/3806 52/3812 —
RRb 1.0 0.7 0.7 0.6 0.8 —
95% CI — 0.5–1.0 0.5–1.1 0.4–0.9 0.6–1.2 0.14
Cases/person years 81/3752 54/3798 52/3775 42/3775 52/3787 —
Multivariate RRc 1.0 0.8 0.8 0.7 0.9 —
95% CI — 0.6–1.2 0.6–1.2 0.5–1.0 0.6–1.4 0.36
Cases/person yearsd 54/2500 42/2553 38/2532 36/2527 37/2533 —
Multivariate RR 1.0 1.0 0.9 0.9 1.0 —
95% CI — 0.6–1.5 0.6–1.4 0.6–1.4 0.6–1.5 0.77

Lycopene
Median intake (mg/day) 0.15 0.48 0.81 1.21 2.20 —
Cases/person years 70/3790 49/3834 55/3789 55/3810 53/3792 —
RRb 1.0 0.7 0.9 1.0 0.9 —
95% CI — 0.5–1.1 0.6–1.3 0.7–1.4 0.6–1.3 0.87
Cases/person years 70/3765 48/3821 55/3776 55/3769 53/3755 —
Multivariate RRc 1.0 0.7 0.9 1.1 1.0 —
95% CI — 0.5–1.1 0.6–1.4 0.7–1.5 0.7–1.5 0.50
Cases/person yearsd 50/2525 30/2567 42/2532 45/2521 40/2500 —
Multivariate RR 1.0 0.6 1.0 1.2 1.1 —
95% CI — 0.4–1.0 0.6–1.5 0.8–1.9 0.7–1.7 0.16

RR: rate ratio; CI: confidence interval.
a Reference category.
b Adjusted for age and gender.
c Adjusted for age, gender, smoking status, education, stomach disorders, and family history of stomach carcinoma.
d Analyses with first-year and second-year cases excluded and adjusted for age, gender, smoking status, education, stomach disorders, and family history of stomach carcinoma.
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cohort members. Infection with Helicobacter pylori is
regarded as an important risk factor for gastric carci-
noma.37 In the healthy Dutch population ages 50 –70
years, the prevalence of infection was estimated to be
50% in 1990.38

Another fact that may have influenced the results
is the nondifferential misclassification of exposure,
which may have resulted in underestimation of the
strength of the association. When information about
food consumption is converted into nutrient intake,
this conversion adds further inaccuracy to the data
due to variability in the nutrient density of foods, e.g.,
seasonal influences and methods of preparation or

food consumption (raw or cooked). However, the re-
sults of the validation study show that the question-
naire was able to rank subjects adequately according
to their intake of nutrients. The crude Pearson corre-
lation coefficients and the energy-adjusted and gen-
der-adjusted Pearson correlation coefficients (in pa-
rentheses) between the dietary record and the
questionnaire for vitamins A and C and dietary fiber
intake were r 5 0.52 (r 5 0.48), r 5 0.58 (r 5 0.55), and
r 5 0.74 (r 5 0.74), respectively.27 Nevertheless, the
reference instrument (9-day diet record) used in the
validation study may be subject to error; therefore, the
possibility of measurement error cannot be excluded.

Furthermore, patients with preclinical symptoms
of gastric carcinoma may have changed their dietary
habits 1–2 years before the diagnosis of gastric carci-
noma. We found in an earlier analysis that patients
who were diagnosed in the first or second years of
follow-up had a significantly lower consumption of
vegetables4 and, consequently, a lower intake of cer-
tain vitamins, carotenoids, and dietary fiber. There-
fore, all analyses also were conducted with the exclu-
sion of patients who were diagnosed in the first or
second follow-up years, resulting overall in different
RRs compared with the RRs from the analyses in
which all cases were included.

Only two prospective studies have reported pre-
viously on the association between vitamin intake and
gastric carcinoma. The Iowa Women’s Health Study,
in contrast with the current findings, reported an in-
verse association with vitamins C and E, carotenoids,
and retinol and gastric carcinoma.11 A cohort study
among Japanese men in Hawaii reported no statisti-
cally significant difference between cases and non-
cases in mean intake of vitamins C and E, retinol, and
carotenoids.6 Limitations of these studies included a
poor control for confounders6 and a small number of
gastric carcinoma cases.11 Furthermore, nutrient in-
take was based on a limited number of food items,6

and no results of analyses were reported that excluded
first-year and second year cases.

Two randomized nutrition intervention trials on
the effects of vitamin/mineral supplementation on the
occurrence of gastric carcinoma showed conflicting
results. The General Population Trial in Linxian,
China, showed that supplements containing b-caro-
tene, vitamin E, and selenium reduced the incidence
of gastric carcinoma 16% and the mortality rate with
21% after a 5.25-year intervention,17 whereas, in the
ATBC trial in Finland, more cases of gastric carcinoma
were diagnosed among those who received b-carotene
or a-tocopherol compared with those who did not
after 7.5 years of follow-up.18 These latter observations
may have been due to chance because of the small

TABLE 4
Age-Adjusted and Gender-Adjusted Rate Ratios, Multivariate Rate
Ratios, and 95% Confidence Intervals of Stomach Carcinoma
According to Users and Nonusers of Vitamin Supplements:
Netherlands Cohort Study 1986 –1992

Use of vitamin supplements Nonusersa Users

Supplement with vitamin A
Cases/person years 274/17,636 8/1380
RRb 1.0 0.4
95% CI — 0.2–0.9
Cases/person years 273/17,520 8/1367
Multivariate RRc 1.0 0.5
95% CI — 0.2–1.0
Cases/person yearsd 202/11,720 5/925
Multivariate RR 1.0 0.4
95% CI — 0.2–0.9

Supplement with vitamin C
Cases/person years 263/17,043 19/1972
RRb 1.0 0.7
95% CI — 0.4–1.1
Cases/person years 262/16,940 19/1947
Multivariate RRc 1.0 0.8
95% CI — 0.5–1.2
Cases/person yearsd 191/11,339 16/1306
Multivariate RR 1.0 0.9
95% CI — 0.5–1.5

Supplement with vitamin E
Cases/person years 271/17,772 11/1243
RRb 1.0 0.7
95% CI — 0.4–1.2
Cases/person years 270/17,669 11/1218
Multivariate RRc 1.0 0.7
95% CI — 0.4–1.4
Cases/person yearsd 199/11,828 8/817
Multivariate RR 1.0 0.7
95% CI — 0.4–1.5

RR: rate ratio; CI: confidence interval.
a Reference category.
b Adjusted for age and gender.
c Adjusted for age, gender, smoking status, education, stomach disorders, and family history of stomach

carcinoma.
d Analyses with first-year and second-year cases excluded and adjusted for age, gender, smoking status,

education, stomach disorders, and family history of stomach carcinoma.
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number of cancer cases. In addition, the intervention
period was relatively short, and supplementation was
given relatively late in life in both trials. In the General
Population Trial, it is not clear whether a specific
component or a combination of components of the

supplement were responsible for the reduction in the
incidence gastric carcinoma.

We did not observe an inverse association be-
tween vitamin E, folate, a-carotene, lutein plus zeax-
anthin, b-cryptoxanthin, and dietary fiber and the risk

TABLE 5
Age-Adjusted and Gender-Adjusted Rate Ratios, Multivariate Rate Ratios, and 95% Confidence Intervals of Stomach Carcinoma According to
Quintiles of Dietary Fiber: Netherlands Cohort Study 1986 –1992

Dietary fiber

Intake in quintiles
Test for trend
P value1 (low)a 2 3 4 5 (high)

Total dietary fiber
Median intake (mg/day) 17.80 22.40 26.20 30.30 37.60 —
Cases/person years 52/3807 57/3833 58/3783 60/3798 55/3794 —
RRb 1.0 1.0 1.0 1.0 0.8 —
95% CI — 0.7–1.5 0.7–1.4 0.7–1.4 0.6–1.2 0.27
Cases/person years 52/3760 56/3814 58/3764 60/3766 55/3781 —
Multivariate RRc 1.0 1.1 1.0 1.0 0.9 —
95% CI — 0.7–1.6 0.7–1.5 0.7–1.5 0.6–1.4 0.55
Cases/person yearsd 35/2507 41/2567 40/2505 47/2525 44/2542 —
Multivariate RR 1.0 1.1 1.0 1.2 1.1 —
95% CI — 0.7–1.8 0.7–1.7 0.8–1.9 0.7–1.7 0.75

Total nonstarch polysaccharides
Median intake (mg/day) 12.26 15.73 18.45 21.52 26.62 —
Cases/person years 56/3785 54/3797 46/3809 69/3820 57/3805 —
RRb 1.0 0.9 0.7 1.1 0.8 —
95% CI — 0.6–1.3 0.5–1.1 0.7–1.5 0.6–1.2 0.60
Cases/person years 56/3731 53/3784 46/3777 69/3801 57/3792 —
Multivariate RRa 1.0 0.9 0.7 1.1 0.9 —
95% CI — 0.6–1.3 0.5–1.1 0.8–1.6 0.6–1.3 0.97
Cases/person yearsd 38/2493 40/2529 31/2529 51/2546 47/2548 —
Multivariate RR 1.0 1.0 0.7 1.2 1.1 —
95% CI — 0.6–1.6 0.5–1.2 0.8–1.9 0.7–1.7 0.41

Soluble nonstarch polysaccharides
Median intake (mg/day) 5.48 6.92 8.03 9.36 11.54 —
Cases/person years 53/3774 47/3810 73/3805 49/3841 60/3785 —
RRb 1.0 0.8 1.2 0.8 0.9 —
95% CI — 0.6–1.2 0.8–1.7 0.5–1.1 0.6–1.3 0.53
Cases/person years 53/3715 46/3791 73/3792 49/3816 60/3772 —
Multivariate RRc 1.0 0.8 1.2 0.8 1.0 —
95% CI — 0.5–1.2 0.8–1.8 0.5–1.2 0.6–1.4 0.81
Cases/person yearsd 35/2476 33/2539 54/2544 36/2552 49/2534 —
Multivariate RR 1.0 0.9 1.3 0.9 1.2 —
95% CI — 0.5–1.4 0.9–2.1 0.5–1.4 0.7–1.9 0.48

Insoluble nonstarch polysaccharides
Median intake (mg/day) 6.59 8.70 10.39 12.22 15.33
Cases/person years 54/3778 59/3821 52/3795 55/3803 62/3818
RRb 1.0 1.1 0.9 0.9 1.0
95% CI — 0.7–1.6 0.6–1.3 0.6–1.3 0.7–1.4 0.52
Cases/person years 54/3734 58/3799 52/3764 55/3778 62/3812
Multivariate RRc 1.0 1.1 0.9 1.0 1.1
95% CI — 0.7–1.6 0.6–1.4 0.6–1.4 0.7–1.6 0.95
Cases/person yearsd 38/2492 42/2548 36/2509 41/2532 50/2565
Multivariate RR 1.0 1.1 0.9 1.0 1.2
95% CI — 0.7–1.8 0.6–1.5 0.6–1.6 0.8–1.9 0.54

RR: Rate ratio; CI: confidence interval.
a Reference category.
b Adjusted for age and gender.
c Adjusted for age, gender, smoking status, education, stomach disorders, and family history of stomach carcinoma.
d Analyses with first-year and second-year cases excluded and adjusted for age, gender, smoking status, education, stomach disorders, and family history of stomach carcinoma.
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of gastric carcinoma. Several case– control studies,
however, have found a decrease in the risk of gastric
carcinoma associated with vitamin E,21,39 folate in-
take,20,22,40,41 and dietary fiber.19,21 One case– control
study reported protective effects for lutein and lyco-
pene but not for a-carotene.22

Only vitamin C was associated with a decreased
risk of gastric carcinoma; however, after adjustment
for several confounders and exclusion of first-year and
second-year cases, this association weakened and be-
came nonsignificant. However, the RRs did not
change after adjustment for other vitamins. For vita-
min C, several different mechanisms of action were
described, such as antioxidant effects, free-radical
scavenger effects, and the inhibition of nitrosamine
formation.13,15 Another biologic explanation for an in-
verse association is a direct action of vitamin C on the
growth of Helicobacter pylori.42 However, a mecha-
nism for this anti-Helicobacter pylori activity is not
known.

For retinol, subjects with the highest intake had a
significantly increased risk of gastric carcinoma. This
also was found in several case– control studies.20,43,44

Retinol is derived from animal food sources. It has
been suggested that components other than retinol in
these foods, such as toxicants in liver, may be respon-
sible for the observed effect.44,45

The finding of a positive association between
b-carotene and the risk of gastric carcinoma seems to
be in line with the finding of the ATBC trial, in which
more cases were detected in the b-carotene supple-
ment group. It has been hypothesized that b-carotene
may be involved in potentially harmful nutrient inter-
actions and that b-carotene may inhibit the apoptosis

of preneoplastic or neoplastic cells, thus enhancing
the survival of such cells.46

The results of this study indicated that the use of
vitamin supplements, particular vitamin A-containing
supplements, was associated with a reduced risk of
gastric carcinoma. In a Swedish case– control study,
the regular use of vitamin supplementation was found
to be protective.21 In the Iowa Women’s Health Study,
vitamin supplement use also seemed to be associated
with a reduced risk of cancer; however, due to the
small numbers of patients, no specific or stable risk
estimates could be calculated.11 In the current analy-
sis, the small numbers of patients were a limitation as
well; therefore, this result may have been a chance
finding. At the beginning of the study in 1986, use of
vitamin supplements was not a common habit in the
Dutch population. In the Dutch National Food Con-
sumption Survey 1987–1988, the use of vitamin sup-
plements in the group ages 50 – 65 years was estimated
to be about 6%.47 In addition, the use of supplements
was related positively to adherence to alternative diets
(e.g., vegetarian diet).47 Supplements users, in our
study, tended to eat more servings of fruit and vege-
tables and had a higher level of education; in other
studies, they were more likely to exercise and follow a
low-fat diet pattern, that is, they had a generally more
health-oriented life style.48 This may indicate that this
small group of users probably are different in many
ways compared with people who do not use vitamin-
containing supplements.

There probably is not one specific component in
fruit and vegetables that acts on gastric carcinogene-
sis, but several potentially anticarcinogenic agents
may all act together.15 This may explain why we found

TABLE 6
Rate Ratios for Combinations of Vitamin C Intake Categories and Tertiles of Vitamin E Intake and Vitamin C
Intake Categories and Tertiles of Folate Intake: Netherlands Cohort Study 1986 –1992

Vitamin C categories

RR for tertiles of vitamin
E (no. of cases)

RR for tertiles of folate
(no. of cases)

1 2 3 1 2 3

Analyses with all casesa

1 1.00 (38)b 0.83 (27) 0.73 (18) 1.00 (57)b 0.96 (21) 0.99 (5)
2 0.54 (27)c 0.66 (38) 0.61 (36)c 0.50 (23)c 0.79 (49) 0.73 (29)
3 0.70 (23) 0.63 (30) 0.62 (44)c 0.51 (6) 0.90 (33) 0.68 (58)

Analyses with first and second
year cases excludeda

1 1.00 (25)b 0.85 (18) 0.80 (13) 1.00 (35)b 1.26 (17) 1.37 (4)
2 0.64 (21) 0.72 (27) 0.69 (27) 0.56 (16) 1.11 (41) 0.74 (18)
3 0.75 (16) 0.73 (23) 0.78 (37) 0.41 (3) 0.92 (21) 0.99 (52)

a Adjusted for age, sex, smoking status, education, stomach disorders, and family history of stomach carcinoma.
b Reference category.
c CI excludes one.
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no effect from several specific components in fruit and
vegetables and only a slight protective effect against
gastric carcinoma from fruit and vegetables.4 It is also
possible that components in fruit and vegetables other
than those studied are involved in the development of
gastric carcinoma or that factors early in life may be
important in its development . The results of migrant
studies suggest that this may be the case.49,50 In the
current study, it was found that food habits in our
study population (ages 55– 69 years) were relatively
stable.51 This may be more of an indicator of food
consumption in adult life than in childhood or ado-
lescence.

In this study, there was no indication of a protec-
tive effect of vitamin E, folate, a-carotene, lutein plus
zeaxanthin, b-cryptoxanthin, lycopene, and dietary fi-
ber intake against gastric carcinoma. A weak inverse
association was found between vitamin C and the risk
of gastric carcinoma. The positive association between
intake of retinol and b-carotene and gastric carcinoma
deserves further investigation.

REFERENCES
1. Steinmetz KA, Potter JD. Vegetables, fruit, and cancer pre-

vention: a review. J Am Diet Assoc 1996;96:1027–39.
2. Boeing H. Epidemiological research in stomach cancer:

progress over the last ten years. J Cancer Res Clin Oncol
1991;117:133– 43.

3. Block G, Patterson B, Subar A. Fruit, vegetables, and cancer
prevention: a review of the epidemiological evidence. Nutr
Cancer 1992;18:1–29.

4. Botterweck AAM, van den Brandt PA, Goldbohm RA. A pro-
spective cohort study on vegetable and fruit consumption
and stomach cancer risk in the Netherlands. Am J Epidemiol
1998;148:842–53.

5. Hirayama T. Life-style and mortality. A large-scale census-
based cohort study in Japan. Basel: Karger, 1990.

6. Chyou PH, Nomura AM, Hankin JH, Stemmermann GN. A
case-cohort study of diet and stomach cancer. Cancer Res
1990;50:7501– 4.

7. Nomura A, Grove JS, Stemmermann GN, Severson RK. A
prospective study of stomach cancer and its relation to diet,
cigarettes, and alcohol consumption. Cancer Res 1990;50:
627–31.

8. Kneller RW, McLaughlin JK, Bjelke E, Schuman LM, Blot
WJ, Wacholder S, et al. A cohort study of stomach cancer
in a high-risk American population. Cancer 1991;68:
672– 8.

9. Kato I, Tominaga S, Matsumoto K. A prospective study of
stomach cancer among a rural Japanese population: a
6-year survey. Jpn J Cancer Res 1992;83:568 –75.

10. Guo W, Blot WJ, Li JY, Taylor PR, Liu BQ, Wang W, et al. A
nested case-control study of oesophageal and stomach can-
cers in the Linxian Nutrition Intervention Trial. Int J Epide-
miol 1994;23:444 –50.

11. Zheng W, Sellers TA, Doyle TJ, Kushi LH, Potter JD, Folsom
AR. Retinol, antioxidant vitamins, and cancers of the upper
digestive tract in a prospective cohort study of postmeno-
pausal women. Am J Epidemiol 1995;142:955– 60.

12. Galanis DJ, Kolonel LN, Lee J, Nomura A. Intakes of selected

foods and beverages and the incidence of gastric cancer
among the Japanese residents of Hawaii: a prospective
study. Int J Epidemiol 1998;27:173– 80.

13. Mirvish SS. Effects of vitamins C and E on N-nitroso com-
pound formation, carcinogenesis, and cancer. Cancer 1986;
58(8 Suppl):1842–50.

14. Moller ME, Dahl R, Bockman OC. A possible role of the
dietary fibre product, wheat bran, as a nitrite scavenger.
Food Chem Toxicol 1988;26:841–5.

15. Steinmetz KA, Potter JD. Vegetables, fruit, and cancer. II.
Mechanisms. Cancer Causes Control 1991;2:427– 42.

16. Kono S, Hirohata T. Nutrition and stomach cancer. Cancer
Causes Control 1996;7:41–55.

17. Blot WJ, Li JY, Taylor PR, Guo W, Dawsey S, Wang GQ, et al.
Nutrition intervention trials in Linxian, China: supplemen-
tation with specific vitamin/mineral combinations, cancer
incidence, and disease-specific mortality in the general pop-
ulation. J Natl Cancer Inst 1993;85:1483–92.

18. The Alpha-Tocopherol, Beta Carotene Cancer Prevention
Study Group. The effect of vitamin E and beta carotene on
the incidence of lung cancer and other cancers in male
smokers. N Engl J Med 1994;330:1029 –35.

19. Risch HA, Jain M, Choi NW, Fodor JG, Pfeiffer CJ, Howe GR,
et al. Dietary factors and the incidence of cancer of the
stomach. Am J Epidemiol 1985;122:947–59.

20. Gonzalez CA, Riboli E, Badosa J, Batiste E, Cardona T, Pita S,
et al. Nutritional factors and gastric cancer in Spain. Am J
Epidemiol 1994;139:466 –73.

21. Hansson LE, Nyren O, Bergstrom R, Wolk A, Lindgren A,
Baron J, et al. Nutrients and gastric cancer risk. A popula-
tion-based case-control study in Sweden. Int J Cancer 1994;
57:638 – 44.

22. Harrison LE, Zhang ZF, Karpeh MS, Sun M, Kurtz RC. The
role of dietary factors in the intestinal and diffuse histologic
subtypes of gastric adenocarcinoma: a case-control study in
the U.S. Cancer 1997;80:1021– 8.

23. Goldbohm RA, Brants HAM, Hulshof KFAM, van den Brandt
PA. The contribution of various foods to intake of vitamin A
and carotenoids in the Netherlands. Int J Vit Res 1998;68:
378 – 83.

24. van den Brandt PA, Goldbohm RA, van’t Veer P, Volovics A,
Hermus RJ, Sturmans F. A large-scale prospective cohort
study on diet and cancer in The Netherlands. J Clin Epide-
miol 1990;43:285–95.

25. Self SG, Prentice RL. Asymptotic distribution theory and
efficiency results for case-cohort studies. Ann Stat 1988;16:
64 – 81.

26. van den Brandt PA, Schouten LJ, Goldbohm RA, Dorant E,
Hunen PM. Development of a record linkage protocol for
use in the Dutch Cancer Registry for Epidemiological Re-
search. Int J Epidemiol 1990;19:553– 8.

27. Goldbohm RA, van den Brandt PA, Brants HA, van’t Veer P,
Al M, Sturmans F, et al. Validation of a dietary questionnaire
used in a large-scale prospective cohort study on diet and
cancer. Eur J Clin Nutr 1994;48:253– 65.

28. Nevo tabel. Dutch Food Composition table 1986 –1987; Ned-
erlands voedingsstoffenbestand 1986 –1987. The Hague:
Voorlichtingsbureau voor de Voeding, 1986.

29. Holland B, Welch AA, Unwin ID, Buss DH, Paul AA, South-
gate DAT. McCance & Widderson’s The composition of
foods. 5th ed. Cambridge: Royal Society of Chemistry,
1991.

Vitamins, Fiber, and Gastric Carcinoma/Botterweck et al. 747



30. Englyst H. Determination of carbohydrate and its composi-
tion in plant materials. In: James WPT, Theander O, editors.
The analysis of dietary fibre in food. New York: Marcel
Dekker, 1981.

31. van Loon AJM, Goldbohm RA, van den Brandt PA. Socio-
economic status and stomach cancer incidence in men:
results from the Netherlands Cohort Study. J Epidemiol
Commun Health 1998;52:166 –71.

32. van den Brandt PA, Goldbohm RA, van’t Veer P, Bode P,
Dorant E, Hermus RJ, et al. Toenail selenium levels and the
risk of breast cancer. Am J Epidemiol 1994;140:20 – 6.

33. Baker R. GLIM 3.77 reference manual. Oxford: Numerical
Algorithms Group, 1985.

34. Volovics A, van den Brandt PA. Methods for the analyses of
case-cohort studies. Biomed J 1997;39:195–214.

35. van Loon AJM, Botterweck AAM, Goldbohm RA, Brants
HAM, Klaveren vJD, van den Brandt PA. Intake of nitrate
and nitrite and the risk of gastric cancer: a prospective
cohort study. Br J Cancer 1998;78:129 –35.

36. Goldbohm RA, van den Brandt PA, Dorant E. Estimation of
the coverage of Dutch municipalities by cancer registries
and PALGA based on hospital discharge data. Tijdschr Soc
Gezondheidsz 1994;72:80 – 4.

37. Munoz N. Is Helicobacter pylori a cause of gastric cancer? An
appraisal of the seroepidemiological evidence. Cancer Epi-
demiol Biomarkers Prev 1994;3:445–51.

38. Loffeld RJ, Stobberingh E, van Spreeuwel JP, Flendrig JA,
Arends JW. The prevalence of anti-Helicobacter (Campy-
lobacter) pylori antibodies in patients and healthy blood
donors. J Med Microbiol 1990;32:105–9.

39. Buiatti E, Palli D, Bianchi S, Decarli A, Amadori D, Avellini C,
et al. A case-control study of gastric cancer and diet in Italy.
III. Risk patterns by histologic type. Int J Cancer 1991;48:
369 –74.

40. La Vecchia C, Ferraroni M, D’Avanzo B, Decarli A, France-
schi S. Selected micronutrient intake and the risk of gas-
tric cancer. Cancer Epidemiol Biomarkers Prev 1994;3:
393– 8.

41. Munoz SE, Ferraroni M, La Vecchia C, Decarli A. Gastric
cancer risk factors in subjects with family history. Cancer
Epidemiol Biomarkers Prev 1997;6:137– 40.

42. Zhang HM, Wakisaka N, Maeda O, Yamamoto T. Vitamin C
inhibits the growth of a bacterial risk factor for gastric car-
cinoma: Helicobacter pylori. Cancer 1997;80:1897–903.

43. Palli D, Bianchi S, Decarli A, Cipriani F, Avellini C, Cocco P,
et al. A case-control study of cancers of the gastric cardia in
Italy. Br J Cancer 1992;65:263– 6.

44. Graham S, Haughey B, Marshall J, Brasure J, Zielezny M,
Freudenheim J, et al. Diet in the epidemiology of gastric
cancer. Nutr Cancer 1990;13:19 –34.

45. Brown LM, Blot WJ, Schuman SH, Smith VM, Ershow AG,
Marks RD, et al. Environmental factors and high risk of
esophageal cancer among men in coastal South Carolina.
J Natl Cancer Inst 1988;80:1620 –5.

46. World Health Organization, International Agency for Re-
search on Cancer. Carotenoids. IARC handbooks of cancer
prevention, vol 2. Lyon: International Agency for Research
on Cancer, 1998:262–3.

47. Dorant E, van den Brandt PA, Hamstra AM, Feenstra MH,
Goldbohm RA, Hermus RJJ, et al. The use of vitamins, min-
erals and other dietary supplements in the Netherlands. Int
J Vit Nutr Res 1993;63:4 –10.

48. Patterson RE, Neuhouser ML, White E, Hunt JR, Kristal AR.
Cancer-related behaviour of vitamin supplement users.
Cancer Epidemiol Biomarkers Prev 1998;7:79 – 81.

49. Kmet J. The role of migrant population in studies of selected
cancer sites: a review. J Chronic Dis 1970;23:305–24.

50. Howson CP, Hiyama T, Wynder EL. The decline in gastric
cancer: epidemiology of an unplanned triumph. Epidemiol
Rev 1986;8:1–27.

51. Goldbohm RA, van’t Veer P, van den Brandt PA, van’t Hof
MA, Brants HA, Sturmans F, et al. Reproducibility of a food
frequency questionnaire and stability of dietary habits de-
termined from five annually repeated measurements. Eur
J Clin Nutr 1995;49:420 –9.

748 CANCER February 15, 2000 / Volume 88 / Number 4


