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Abstract

Background The results of prospective studies examining
the association between dietary vitamin A intake and the
risk of gastric cancer have often been conflicting. The
objective of this study was to investigate this issue in a
general Japanese population.

Methods A total of 2,467 community-dwelling Japanese
subjects aged 40 years or older were followed up pro-
spectively for 14 years. Dietary vitamin A intake was
estimated using a semiquantitative food frequency method.
Results During the follow-up period, gastric cancer
developed in 93 subjects. The age- and sex-adjusted inci-
dence of gastric cancer rose progressively with increasing
levels of dietary vitamin A intake: at 2.2, 3.0, 3.8, and 4.5
per 1,000 person-years for quartile groups defined by die-
tary vitamin A intake levels of <639, 639-837, 838-1,061,
and >1,061 pg retinol equivalents (RE)/day, respectively
(P for trend <0.01). The risk of gastric cancer was sig-
nificantly higher in the fourth quartile than in the first one
even after multivariate adjustment [hazard ratio
(HR) = 1.47, 95% confidence interval (CI) = 0.70-3.09,
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P =030 for the second quartile; HR = 1.85, 95%
Cl =0.82-4.18, P =0.14 for the third quartile;
HR = 2.96, 95% CI = 1.12-7.80, P = 0.03 for the fourth
quartile]. Comparable effects of vitamin A intake were
observed irrespective of the location or histological type of
gastric cancer. The HR for gastric cancer increased sig-
nificantly only in subjects with a combination of high
vitamin A intake (>1,061 pg RE/day) and Helicobacter
pylori infection.

Conclusions Our findings suggest that dietary vitamin A
intake is clearly associated with the risk of gastric cancer in
the general Japanese population.

Keywords Cohort study - Gastric cancer - Dietary
vitamin A - Incidence - Helicobacter pylori

Introduction

zAlthough the morbidity and mortality of gastric cancer
have declined markedly worldwide over the latter half of the
last century, gastric cancer is still the fourth most common
malignancy and the second leading cause of cancer death [1,
2]. Because the incidence of gastric cancer varies markedly
among various regions and from one generation to the next,
it is thought that the risk of gastric cancer is determined
largely by environmental factors, including dietary factors
and infection with Helicobacter pylori [3-5]. However, the
specific dietary components involved in the development of
gastric cancer remain unclear.

Vitamin A is a generic term referring to both preformed
vitamin A (retinol and its esters) and some carotenoids [6].
Vitamin A is needed for scotopic and color vision in the
retina of the eye [7]. Vitamin A also functions as an irre-
versibly oxidized form of retinoic acid, which is an
important hormone-like growth factor for epithelial and
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other cells [8]. Some epidemiological studies have indi-
cated that the dietary intake of vitamin A has preventive
effects on malignant neoplasms [9-12]. However, in two
intervention trials, the supplementary intake of retinol and
p-carotene, or ff-carotene only, increased the incidence of
lung cancer [13, 14]. Furthermore, the findings from pro-
spective studies of the dietary intake of vitamin A in
relation to gastric cancer risk have been quite inconsistent
[15-20]. Some cohort studies have found a negative asso-
ciation between dietary intake of vitamin A and the risk of
gastric cancer [15, 16], whereas others have found no
apparent association [17-19] or have even found a positive
association [20]. This conflicting background underscores
the need for a thorough investigation of the role of vitamin
A in the development of gastric cancer. In the present
study, we prospectively investigated the association
between dietary vitamin A intake and the incidence of
gastric cancer in a general Japanese population.

Subjects, materials, and methods
Study population

The town of Hisayama, in which an epidemiological study
of cardiovascular disease and malignancy has been ongo-
ing since 1961, is located in a suburban area adjacent to
Fukuoka City, a large urban center on Kyushu Island in the
southern part of Japan. The population of the town is
approximately 8,000 and has been stable for the past
50 years. According to the 1985 census, the age and
occupational distributions of the Hisayama population are
almost identical to those of the Japanese population as a
whole [21]. The dietary patterns of the residents are also
similar to those of the Japanese population [22].

In 1988, a total of 2,742 Hisayama residents aged
40 years or older (80.9% of the total population in that age
group) underwent a comprehensive health check-up. After
the exclusion of 132 subjects with a history of gastrectomy
or gastric cancer, 5 subjects who died during the exami-
nation period, and 138 who did not undergo a dietary
survey, a total of 2,467 subjects (1,023 men and 1,444
women) were enrolled in the study.

The study protocol was approved by the Human Ethics
Review Committee of Kyushu University Graduate School
of Medical Sciences, and written informed consent for
medical research was obtained from the study subjects.

Follow-up survey
The precise method of follow-up used in this study has

been described previously [23, 24]. In brief, the study
population was followed up for 14 years, from December

1988 to November 2002, by repeated health check-ups that
were conducted every year. Approximately 60% of the
subjects regularly returned for the check-ups. For all those
who did not undergo regular check-ups and those who had
moved out of the town, health status was checked every
year by mail or by telephone. In addition, a daily moni-
toring system was established by the study team and local
physicians, as well as members of the Division of Health
and Welfare of the town. To identify new occurrences of
gastric cancer in the cohort, members of our study group
surveyed 3 local clinics and 6 hospitals in and around the
town, and monitored records of barium meal examinations,
upper endoscopic examinations, and biopsy diagnoses. We
also checked all reports from the annual mass screenings
for gastric cancer with upper gastrointestinal series that
were performed by the Division of Health and Welfare of
the town. To further search for concealed cases of gastric
cancer, autopsies were performed on 361 (75.4%) of the
479 subjects who died during the follow-up period.

The diagnosis of gastric cancer in all cases was con-
firmed by the histological examination of specimens
obtained by gastrectomy, endoscopic mucosal resection,
endoscopic submucosal dissection, or autopsy. The loca-
tion of the tumor within the stomach was determined by the
evaluation of both the clinical and histopathological
records. The tumors were categorized as either intestinal-
type or diffuse-type, according to the -classification
described by Lauren [25].

During the follow-up period, only one subject was lost
to follow-up, and gastric cancer developed in 93 subjects
(67 men and 26 women), including 3 concealed cancers
(3.2%) first diagnosed at autopsy. Among these cases, there
were 8 subjects (8.6%) who had 2 synchronous gastric
cancers (double cancers), resulting in 101 cancer lesions.

Nutritional survey

The dietary survey was conducted using a semiquantitative
food frequency method validated in a prior study [22, 26].
A self-administered questionnaire concerning food intake
over the past year, which consisted of 70 food items, was
completed by each participant prior to the initiation of the
study, and was checked by experienced dietitians and
nutritionists, who presented the subjects with food models
of actual size in the survey. The average food intake per
day was estimated based on detailed descriptions of the
frequency of eating and the quantity of each food. Nutri-
tional intake, including vitamin A intake, was calculated
using the 4th revision of the Standard Tables of Food
Composition in Japan [27]. The intake of nutritional ele-
ments was adjusted for energy intake, using the method of
Willett and Stampfer [28], in order to assess independent
contributions. In the previous validation study of this
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semiquantitative food frequency method with a 3-day
weighed food record, the correlation coefficients of dietary
factors used in this study were as follows: 0.282 for vitamin
A, 0.866 for total energy, 0.524 for total fat, 0.318 for salt,
0.738 for vitamin B1, 0.579 for vitamin B2, 0.345 for
vitamin C, and 0.274 for fiber [22]. Participants were
divided into four groups according to the quartiles of die-
tary vitamin A intake [<639, 639-837, 838-1,061, and
>1,061 pg retinol equivalents (RE)/day].

Risk factor measurement

Serum IgG antibodies to H. pylori were measured by
means of a quantitative enzyme immunoassay, using a
commercial kit (HM-CAP; Enteric Products, Westbury,
NY, USA). The assay values were interpreted as positive
and negative based on the manufacturer’s instructions.
Diabetes was defined by medical history, glucose levels
(fasting glucose level >7.0 mmol/l or postprandial glucose
level >11.1 mmol/l), or a 75-g oral glucose tolerance test
(1998 World Health Organization criteria), which was
administered to most of the subjects aged 40-79 years,
with plasma glucose measured by the glucose-oxidase
method. The serum cholesterol level was determined
enzymatically. Body mass index (kg/mz) was used as an
indicator of obesity.

Information regarding smoking habit, alcohol intake, and
regular exercise was obtained using a questionnaire admin-
istered to each subject. Smoking habit and alcohol intake
were categorized as current or not. Those subjects engaging
in sports more than 3 times a week, during their leisure time,
were classified as belonging to the regular exercise group.

Statistical analysis

The SAS software package version 9.2 (SAS Institute,
Cary, NC, USA) was used to perform all statistical anal-
yses. The mean values of possible risk factors were
adjusted for age and sex using the covariance method and
were tested for trends across dietary vitamin A intake
levels by multiple regression analysis. The frequencies of
risk factors were adjusted for age and sex by a direct
method and were tested for trends using the Cochran—
Mantel-Haenszel test. The incidence of first-ever gastric
cancer was estimated by the person-year method, adjusted
for age and sex using the direct method, and compared by
the Cox proportional hazards model. All the study subjects
were regarded as a standard population for age- and sex-
adjustment. Age- and sex-adjusted and multivariate-
adjusted hazard ratios (HRs) and their 95% confidence
intervals (CIs) were also estimated using the Cox propor-
tional hazards model. In the multivariate analysis, the
possible risk factors for gastric cancer for which we had
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data in our cohort; namely, age, sex, H. pylori infection,
body mass index, diabetes, serum total cholesterol, smok-
ing habit, alcohol intake, regular exercise, and dietary
factors (intake of total energy, total fat, salt, vitamin BI,
vitamin B2, vitamin C, and dietary fiber), were included in
the model all at once. All tests were 2-sided, and a P value
of <0.05 was considered to be statistically significant.

Results

Age- and sex-adjusted baseline characteristics according to
quartiles of dietary vitamin A intake levels are shown in
Table 1. The mean values for age, body mass index, and
total cholesterol levels, as well as the frequency of regular
exercise, showed a significant positive association with
dietary intake of vitamin A, while the proportion of men
was decreased at the higher vitamin A intake levels.
Among relevant dietary factors, the mean values for total
energy, total fat, salt, vitamin B1, vitamin B2, vitamin C,
and dietary fiber intakes showed positive relationships with
vitamin A intake levels.

Figure 1 shows the age- and sex-adjusted incidence of
gastric cancer according to quartiles of dietary vitamin A
intake. The incidence of gastric cancer rose significantly
with increasing quartile levels of vitamin A intake (P for
trend = 0.01).

Table 2 presents the adjusted HRs for the development
of gastric cancer according to quartiles of dietary vitamin A
intake. The age- and sex-adjusted HR was significantly
higher in the fourth quartile than in the first one. This
association remained significant even after adjustment for
age, sex, H. pylori infection, body mass index, diabetes,
serum total cholesterol, smoking habit, alcohol intake,
regular exercise, and dietary factors (intake of total energy,
total fat, salt, vitamin B1, vitamin B2, vitamin C, and
dietary fiber) (HR 2.96, 95% CI 1.12-7.80, P = 0.03). We
also estimated the age- and sex-adjusted HRs for the
development of gastric cancer according to quartiles of
dietary carotenoid and retinol intake. However, the risk of
incident gastric cancer did not significantly change in
relation to either carotenoid or retinol intake levels.

Table 3 shows the multivariate-adjusted HRs of high
dietary vitamin A intake (the fourth quartile >1,061 pg RE/
day) for the development of gastric cancer according to
cancer location and histology. The effects of dietary vitamin
A intake on the risk of gastric cancer were comparable
between locations in the proximal one-third and the distal
two-thirds of the stomach (P value for heterogene-
ity = 0.56). Likewise, there were no significant differences
in the effects of dietary vitamin A intake on the risk of gastric
cancer between intestinal-type and diffuse-type (P value for
heterogeneity = 0.33).
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Table 1 Age- and sex-adjusted baseline characteristics according to quartiles of dietary vitamin A intake

Dietary vitamin A intake (ng RE/day) P for trend

<639 (n = 616) 639-837 (n = 617) 838-1,061 (n = 617) >1,061 (n = 617)
Age (years) 56.1 (0.5) 58.1 (0.4) 58.7 (0.4) 59.5 (0.4) <0.001
Men (%) 59 40 35 30 <0.001
Helicobacter pylori infection (%) 76 72 73 70 0.32
Body mass index (kg/m?) 22.8 (0.1) 22.9 (0.1) 23.1 (0.1) 232 (0.1) <0.001
Diabetes (%) 12 13 13 13 0.97
Total cholesterol (mmol/l) 5.37 (0.04) 5.34 (0.04) 5.41 (0.04) 5.40 (0.04) <0.001
Smoking habit (%) 26 26 23 23 0.43
Alcohol intake (%) 34 32 30 31 0.09
Regular exercise (%) 8 11 11 12 0.04
Total energy intake (kJ/day) 7,140 (64) 6,899 (63) 7,076 (63) 7,451 (63) <0.001
Total fat intake (g/day) 45.8 (0.4) 48.7 (0.4) 49.3 (0.4) 49.6 (0.4) <0.001
Salt intake (g/day) 11.0 (0.2) 12.3 (0.2) 13.3 (0.2) 15.7 (0.2) <0.001
Vitamin B1 intake (mg/day) 0.69 (0.02) 0.79 (0.02) 0.82 (0.02) 0.93 (0.02) <0.001
Vitamin B2 intake (mg/day) 0.99 (0.01) 1.13 (0.01) 1.20 (0.01) 1.29 (0.01) <0.001
Vitamin C intake (mg/day) 47.6 (1.0) 67.1 (0.9) 82.5 (0.9) 111.6 (0.9) <0.001
Dietary fiber intake (g/day) 9.0 (0.1) 10.3 (0.1) 11.2 (0.1) 12.8 (0.1) <0.001

Not adjusted for age and sex; values are means (SE) or frequencies
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Fig. 1 Age- and sex-adjusted incidence rate of gastric cancer
according to quartiles of dietary vitamin A intake. *P < 0.01 versus
dietary vitamin A intake <639 pg retinol equivalents (RE)/day,
**P for trend <0.01

To clarify the combined effect of elevated dietary vita-
min A intake and H. pylori infection on the occurrence of
gastric cancer, we estimated the multivariate-adjusted HRs
of gastric cancer in 4 groups—i.e., a group with high
(>1,061 ng RE/day) and a group with low (<1,061 ng RE/
day) dietary vitamin A intake, each subdivided according
to the presence or absence of H. pylori infection (Fig. 2).
Compared with the reference group, which had neither a
high dietary vitamin A intake level nor H. pylori infection,
the multivariate-adjusted HRs of gastric cancer for the
groups with high dietary vitamin A intake levels alone and

H. pylori infection alone were not significant, but the HR
for the group having both a high dietary vitamin A intake
level and H. pylori infection was significantly high (HR
341, 95% CI 1.42-8.19, P < 0.01).The risk of future
gastric cancer was also significantly higher in subjects with
both an elevated dietary vitamin A intake and H. pylori
infection than in those with H. pylori infection alone (HR
2.00, 95% CI 1.08-3.70, P = 0.03). There was no signif-
icant interaction between vitamin A intake and H. pylori
for gastric cancer risk (P for interaction = 0.27).

Discussion

The present analysis demonstrated a clear positive associ-
ation between dietary vitamin A intake and the incidence
of gastric cancer in a general Japanese population. This
association remained significant even after adjustment for
age, sex, H. pylori infection, body mass index, diabetes,
serum total cholesterol, smoking habit, alcohol intake,
regular exercise, and dietary factors (intake of total energy,
total fat, salt, vitamin B1, vitamin B2, vitamin C, and
dietary fiber). The association was enhanced by H. pylori
infection. Furthermore, a comparable effect of dietary
vitamin A intake was observed irrespective of the location
or histological type of gastric cancer.

In most but not all case—control studies, dietary vitamin
A intake has been negatively associated with the risk of
gastric cancer [29-31]. However, the findings of
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Table 2 Adjusted hazard ratios for development of gastric cancer according to quartiles of dietary vitamin A intake

Dietary vitamin A intake (ng RE/day)

P for trend

<639 (n = 616)

639-837 (n = 617)

838-1,061 (n = 617) >1,061 (n = 617)

Number of events 18 20
7,553 7,544
1 (reference)

Person-years
Age- and sex-adjusted HR (95% CI)

Multivariate-adjusted HR (95% CI)T 1 (reference)

1.33 (0.70-2.53)
1.47 (0.70-3.09)

24 31

7,637 7,495

1.64 (0.88-3.06) 2.26 (1.25-4.09)* 0.01
1.85 (0.82-4.18) 2.96 (1.12-7.80)**  0.03

RE Retinol equivalents, HR hazard ratio, CI confidence interval
* P <0.01
## P = (.03

T Hazard ratios and P values were adjusted for age, sex, Helicobacter pylori infection, body mass index, diabetes, serum total cholesterol,
smoking habit, alcohol intake, regular exercise, and dietary factors (intake of total energy, total fat, salt, vitamin B1, vitamin B2, vitamin C, and

dietary fiber) using the Cox proportional hazards model

Table 3 Multivariate-adjusted hazard ratios of elevated dietary vitamin A intake for development of gastric cancer according to cancer location

and histology

Number of events

HR (95% CI) P for heterogeneity

Vitamin A intake <1,061 pg
RE/day (n = 1,850)

Vitamin A intake >1,061 ng
RE/day (n = 617)

Cancer location

Proximal one-third 13 9

Distal two-thirds 52 23
Histological type

Intestinal type 49 23

Diffuse type 16 8

2.29 (0.69-7.58) 0.56
1.53 (0.80-2.92)

2.64 (0.85-8.19) 0.33
1.37 (0.70-2.65)

Elevated dietary vitamin A intake was defined as the highest quartile (>1,061 ng RE/day). Hazard ratios were adjusted for age, sex, Helicobacter
pylori infection, body mass index, diabetes, serum total cholesterol, smoking habit, alcohol intake, regular exercise, and dietary factors (intake of
total energy, total fat, salt, vitamin B1, vitamin B2, vitamin C, and dietary fiber) using the Cox proportional hazards model

RE Retinol equivalents, HR hazard ratio, CI confidence interval

prospective studies on this issue are quite inconsistent [15—
20]. A prospective cohort study in Sweden and the Alpha-
Tocopherol, Beta-Carotene Cancer Prevention study doc-
umented an inverse association between dietary intake of
vitamin A and gastric cancer risk [15, 16], but the Iowa
Women’s Health Study, the European Prospective Inves-
tigation into Cancer and Nutrition, and a case-cohort study
in Hawaiian men of Japanese ancestry showed no clear
associations between dietary vitamin A intake and gastric
cancer risk [17-19]. On the other hand, The Netherlands
Cohort Study demonstrated a clearly positive association
between dietary retinol intake and the future risk of gastric
cancer [20]. In the present study, dietary vitamin A was
significantly associated with incident gastric cancer, but
such an association was not observed for dietary retinol or
carotenoids alone. This finding suggests that combined
dietary retinol and carotenoids may act as a risk factor for
gastric cancer. Further epidemiological studies are needed
to elucidate the influence of the dietary intake of vitamin A
on the development of gastric cancer.

@ Springer

A weak point of previous cohort studies [15-17, 19, 20],
with a single exception [18], is that H. pylori infection,
which is the most powerful risk factor for gastric cancer, was
not examined. In our study, the prevalence of H. pylori
infection was high (more than 70%), and the association
between high vitamin A intake levels and the development
of gastric cancer was significant only in subjects with H.
pylori infection, but not in those without it. It is not clearly
understood why the findings in regard to the association
between dietary intake of vitamin A and gastric cancer risk
differ among studies, but one possible explanation may be
that the prevalence of H. pylori infection differs among
people of different ethnicities. High dietary intake of vita-
min A may be a significant risk factor for the development of
gastric cancer only in populations that have a high preva-
lence of H. pylori infection, such as the Japanese [32].

In our stratified analyses according to cancer location
and histological type, the influence of dietary vitamin A
intake was not different between the patients with proximal
gastric cancer and those with distal gastric cancer, though
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Fig. 2 Multivariate-adjusted hazard ratios and 95% confidence
intervals for gastric cancer risk according to dietary vitamin A intake
levels and Helicobacter pylori status at baseline. 'Low dietary
vitamin A intake was defined as the first, second, and third quartiles
(=1,061 pg RE/day), and high dietary vitamin A intake was defined
as the fourth quartile (>1,061 pg RE/day). *Hazard ratios were
adjusted for age, sex, body mass index, diabetes, serum total
cholesterol, smoking habit, alcohol intake, regular exercise, and
dietary factors (intake of total energy, total fat, salt, vitamin BI,
vitamin B2, vitamin C, and dietary fiber) using the Cox proportional
hazards model. *P < 0.01 versus low dietary vitamin A intake and
Helicobacter pylori-negative. **P = (0.03 versus low dietary vitamin
A intake and Helicobacter pylori-positive

there were no significant associations in each stratified
category, probably due to the small number of cancer
cases. The influence of dietary vitamin A intake was
comparable in patients with intestinal-type and those with
diffuse-type cancer. These results suggest that dietary
vitamin A intake is a common risk factor for gastric cancer
irrespective of the location or the histological type of
cancer.

The mechanism underlying the association between
dietary vitamin A intake and gastric cancer has not been
completely resolved. Several experimental studies have
shown that a type of vitamin A, retinoic acid, leads to the
inhibition of cell growth [33, 34], which may lead to pre-
vention of carcinogenesis. However, a recent study has
reported an opposite function of retinoic acid—i.e., retinoic
acid may promote neoplastic cell proliferation by activat-
ing an orphan nuclear receptor (peroxisome proliferator
activated receptor ff/9) [35]. In addition, the autoxidation of
retinoids generates H,0,, which plays a role in DNA
damage in the presence of endogenous metals [36]. Thus, it
is possible that higher dietary vitamin A intake promotes
mucosal damage in the stomach. On the other hand,
infection with H. pylori also induces DNA damage in
gastric mucosal cells, through oxidative stress [37-39].
Thus, high dietary vitamin A intake and infection with H.
pylori may have synergistic effects on malignant altera-
tions in the gastric mucosa, though oxidative stress.

The strengths of our study include its longitudinal pop-
ulation-based survey, low selection bias, perfect follow-up
of subjects, accuracy of diagnosis of gastric cancer, and
comprehensive assessment with risk factors including H.
pylori infection. These study characteristics have provided
us with an opportunity to precisely examine the influence of
dietary vitamin A intake on the development of gastric
cancer. However, some limitations of the present study bear
mention. First, in this study, the population size was rela-
tively small, which was likely to lead to increased random
errors in our results. Nonetheless, we believe that the asso-
ciation between dietary vitamin A intake and the incidence
of gastric cancer was robust, because we perfectly followed
up all participants and accurately diagnosed gastric cancer.
Second, the information regarding nutrient intake, including
dietary vitamin A intake, was derived from a semiquanti-
tative food frequency questionnaire that requested infor-
mation from subjects regarding their average intake over the
previous year. The limitations of this method are well
known, and random measurement errors are more likely to
have contributed to a bias toward finding no effect. Thus, the
estimates of effect that we have reported here are most likely
conservative. Third, a lack of information on the intake of
dietary supplements may have caused some misclassifi-
cation of nutrient intake. However, dietary supplements
were rarely used in 1988 in our country, and such a mis-
classification would tend to underestimate the effects of
dietary vitamin A intake. This suggests that such a bias did
not invalidate the present findings. Fourth, subjects with
latent gastric cancer at baseline were not completely
excluded from the present analysis. However, similar asso-
ciations were observed between dietary vitamin A intake
and gastric cancer even after excluding subjects who
developed gastric cancer during the first 2 years of the fol-
low-up period (data not shown). Thus, this limitation does
not seem to negate our findings.

In conclusion, the present population-based prospective
study demonstrated that a high dietary intake of vitamin A
was associated with the future risk of gastric cancer in a
general population of Japanese and was a possible cofactor
increasing the risk of gastric cancer posed by H. pylori
infection. Our findings suggest the possibility that reduc-
tion of dietary vitamin A intake as well as the eradication
of H. pylori may confer protection against gastric cancer
and could be an effective strategy for reducing the burden
of gastric cancer in Japan. However, the mechanism
underlying the association between dietary intake of vita-
min A and the risk of gastric cancer is poorly understood.
Further studies will be needed to resolve this issue.
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