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Because gastric cancer is still the most common cancer, its
prevention is one of the most important aspects of Japan’s cancer
control strategy. Observations among Japanese immigrants in the
USA and Brazil based on the geographic differences, the trend in
cancer incidence with time, and the change in incidence patterns
indicate that gastric cancer is closely associated with dietary factors,
such as the intake of salt and salted food. In international and
intra-Japanese ecological studies, the average salt excretion level,
estimated using randomly selected 24-h urine samples in each
population, was closely correlated with gastric cancer mortality.
Several case–control and cohort studies, including the author’s
recent works, have shown that a higher intake of some traditional
salt-preserved food and salt per se, which was estimated using a
validated food-frequency questionnaire, was associated with a risk
of gastric cancer. While salted food intake may increase the risk
of Helicobacter pylori infection, it can also act synergistically to
promote the development of gastric cancer. Based on substantial
evidence about the association between salt and salted food intake
and the risk of gastric cancer from ecological, case–control, and
cohort studies conducted in Japan and other countries, as well as
mechanistic plausibility, dietary modification involving less salt and
salted food intake is a practical strategy with which to prevent
gastric cancer. (Cancer Sci 2005; 96: 1–6)

In 2000, gastric cancer was the second most frequent cause of
deaths from cancer and the fourth most common cancer in the

world, with an estimated 650 000 deaths and 880 000 new cases
per year, almost two-thirds of which occurred in developing
countries.(1) In 2001, gastric cancer caused 50 000 deaths in
Japan, and was the second most frequent cause of cancer death.(2)

Moreover, it was estimated that in 1998, a total of 100 000
new cases of gastric cancer were detected in Japan, and that it
was the most common type of cancer (21% of all cancers).(3)

Therefore, the prevention of gastric cancer is one of the most
important aspects of any cancer control strategy, both in Japan
and across the world.

Geographic and ethnic differences, trends in cancer incidence
with time, and changes in incidence patterns observed among
immigrants indicate that gastric cancer is closely associated
with modifiable factors, such as diet. Substantial evidence from
ecological, case–control, and cohort studies strongly suggest that
the risk of cancer could increase with a high intake of some
traditional salt-preserved food and salt per se, and that this
risk could be decreased with a high intake of fruits and vegeta-
bles.(4,5) Other established non-dietary factors include cigarette
smoking(6) and infection with the bacterium, Helicobacter pylori.(7)

In experimental studies with rats, ingestion of salt is known to
cause gastritis and, when coadministered, enhance the carcinogenic
effects of known gastric carcinogens, such as N-methyl-N-nitro-
N-nitrosoguanidine (MNNG).(8,9) A high intragastric salt concen-
tration destroys the mucosal barrier, and leads to inflammation
and damage such as diffuse erosion and degeneration. The induced

proliferous change might enhance the effect of food-derived car-
cinogens. Based on human observational and animal experimental
data, as well as mechanistic plausibility, a recent report from a
joint World Health Organization/Food and Agriculture Organi-
zation Expert Consultation concluded that salt-preserved food
and salt ‘probably’ increase the risk of gastric cancer.(10) The reasons
for using the grade ‘probable’ instead of ‘convincing’ is partly
due to the limited amount of prospective data.

In the present review, epidemiological evidence on the asso-
ciation between salt and salted food intake and gastric cancer
will be presented, with special reference to the author’s recent
works as well as to related articles.

Evidence from Descriptive Epidemiology and Ecological 
Studies

Geographic and ethnic differences. In Japan, the age-standardized
(world population) incidence rate (per 100 000) of gastric can-
cer in the 1990s ranged from 60 to 92 in men and from 24 to 39
in women,(11) and these rates as well as those in Korea (67–73 in
men and 20–30 in women) were among the highest in the
world. Among the white population in the USA, the incidence
rate was 6.6 in men and 2.6 in women, which is approximately
one-tenth of the rate observed in Japan. Relatively higher rates,
approximately half of those in Japan, were observed in several
areas in Asia, South America, and Eastern Europe. In the USA,
the rates among the black population (13 in men and 5.3 in
women) were twice as high as those among the white popula-
tion. The rates in the Japanese (22 in men and 12 in women) and
the Korean (43 in men and 18 in women) ethnic groups were
relatively higher than those in other ethnic groups such as the
non-Hispanic and Hispanic whites, blacks, Chinese, and Filipi-
nos in California, USA. There were also approximately three-
fold differences in age-standardized mortality rates within
Japan: higher rates in Akita and Yamagata, lower rates in the
Kyushu district in prefectures such as Kagoshima and Miyazaki,
and a particularly low rate in Okinawa (Fig. 1).

Using data from the INTERSALT study, in which randomly
selected 24-h urine samples were taken from 39 populations
from 24 countries (N = 5756), the median sodium levels in
samples from subjects aged 20–49 years were analyzed in relation
to the national gastric cancer mortality rates.(12) For the 24 coun-
tries, Pearson’s correlation coefficient for gastric cancer mortal-
ity with sodium was 0.70 in men and 0.74 in women (both
P < 0.001). In an ecological study of 65 rural counties in China,
the consumption of salt-preserved vegetables was correlated with
gastric cancer mortality (r = 0.26 in men and 0.36 in women).(13)

While the geographic variation in gastric cancer mortality in
Japan is not correlated with the per capita salt consumption
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estimated in the national nutrition survey,(14) the ecological study
by Tsugane et al. of five selected areas in Japan showed an
almost linear correlation between the cumulative mortality rate
of gastric cancer up to 75 years of age (%) and the urinary salt
excretion level in 24-h urine samples (Fig. 2).(15,16) However, the
salt consumption levels that were estimated using a 3-day die-
tary record survey, which is identical to the method used in the
national nutrition survey, did not correlate with the level of gas-
tric cancer mortality in the same study.(17) This suggests the
inadequacy of using the uniform composition table to evaluate
the level of salt intake in areas with different dietary culture.
The content of salt in different types of salted foods may vary
depending on the food habits and type of food preparation that
is particular to each area. The standard composition table con-
sistently provides the same sodium value, without taking into
account the difference in the actual sodium concentration in the
food item; this results in a poor estimated value. The sodium
excretion level in 24-h urine samples is considered to be one of
the best estimates for evaluating the daily salt intake, particu-
larly at the population level.

In summary, the majority of the geographic variation in gas-
tric cancer mortality worldwide and in Japan can be explained
at the population level by the daily salt intake level.

Time trend. In Japan, where the incidence of gastric cancer is
the highest, both age-adjusted mortality and incidence rates
have been decreasing for several decades (Fig. 3). In the USA(18)

and Europe,(19) gastric cancer used to be one of the most com-
mon cancers; however, the mortality rates have fallen dramati-

cally during the last 50 years in all developed countries, and
gastric cancer became a rare cancer without any specific inter-
vention. This worldwide decline in the incidence of gastric
cancer might be attributable to the spread of refrigeration. The
use of refrigeration might be inversely correlated with the use of
salting, with other methods of food preservation using salt, such
as curing and smoking, and with the volume of salt in diets.(4)

Furthermore, refrigeration has facilitated the consumption of
fresh fruits and vegetables.

In summary, the worldwide decline in gastric cancer inci-
dence can be explained by the transition in food preservation
methods from salting to refrigeration.

The rate of gastric cancer among Japanese immigrants in the USA
and Brazil. Studies on migrants, which offer some clues about
the relative importance of genetic and environmental factors in
the etiology of cancer, are useful, particularly when the differ-
ences in the incidence of cancer and lifestyle are large between
the country of origin and the host country. The age-adjusted
(world population) incidence rates (per 100 000) of gastric
cancer among Japanese residents in Hawaii, USA, were signifi-
cantly lower both in men and women when compared with those
rates in Japan, while in São Paulo, Brazil, the rates were rela-
tively similar (Fig. 4).(20) These differences in incidence rates
among three Japanese populations suggest that lifestyle changes,
mainly dietary, were associated with a reduced risk of gastric
cancer, depending on the degree to which a Western diet has
been adopted and on the individual incidence rates in the host
countries (the USA or Brazil).

Fig. 1. Geographic difference in gastric cancer
distribution within Japan: standardized mortality
ratios in 2000. There were approximately three-
fold differences in age-standardized mortality
rates within Japan.

Fig. 2. Urinary salt excretion level in 24-h urine
and gastric cancer mortality: an ecological study in
five areas in Japan. An almost linear correlation
between the urinary salt excretion level in 24-h
urine samples and the cumulative mortality rate of
gastric cancer up to 75 years of age (%) were
observed.
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According to cross-sectional studies of randomly selected
Japanese Brazilians in the city of São Paulo (1989) and of
Japanese living in five prefectures across Japan (1989–1991),
the dietary habits of Japanese Brazilians shifted toward the pat-
tern seen in Western countries.(21) However, the subjects still

consumed traditional and salted Japanese food: 15% of Japanese
Brazilian men aged 40–49 years consumed miso soup almost
every day and 4% consumed pickled vegetables.(22) The degree
to which a Western diet has been adopted was not striking when
compared with that seen in Japanese Americans: only 2% of
Japanese American men aged 45–69 years in Hawaii consumed
miso soup almost every day in the 1960s.(23) Further, in São
Paulo, the salt excretion levels in the 24-h urine samples of
Japan-born male residents aged 40–59 years were 14 g/day for
21 participants who were originally from Iwate, Akita, and
Nagasaki prefectures, and 8.7 g/day for 12 participants from the
Okinawa prefecture.(24) These levels were almost comparable
with those seen in each prefecture in Japan.

In summary, the substantial decrease in the incidence of gastric
cancer among Japanese immigrants in the USA and the minimal
decrease among Japanese immigrants in Brazil can be explained
by the extent to which migrants continued to maintain a Japanese
dietary habit, which is expected to be high in salt.

Evidence from Case–Control Studies

Many, but not all, the results of case–control studies have
shown a positive association between gastric cancer and the
intake of high-salt foods such as salted fish, cured meat, and
salted vegetables, or the use of table salt.(5) Several studies have
quantitatively estimated the total salt intake and found a strong
positive association with the risk of gastric cancer, while several
studies have evaluated the association with the intake of salted
food such as salted fish and vegetables. In the evaluation carried
out by the World Cancer Research Fund and the American
Institute for Cancer Research in 1997,(4) the results of 16 case–
control studies reported the association between salt or salted
food and the risk of gastric cancer. Eight of these studies estimated
the overall dietary salt or sodium intake; of these, four showed
strong statistically significant increases in risk (odds ratio [OR] =
2.1–5.0 for the highest intake level). However, the remaining four
studies showed no substantial association. Six of the studies have
specifically examined the use of table salt, with three studies
showing statistically significant increased risks (OR = 1.6–6.2
for the highest intake) and two showing non-significant OR.
Recently, several case–control studies have also shown that
salted food was associated with the risk of gastric cancer.(25−28)

Fig. 3. Time trends in the age-adjusted incidence and mortality of
gastric cancer in Japan. Both age-adjusted mortality and incidence rates
have been decreasing for several decades in Japan. Vital statistics and
estimates from the population-based cancer registry.

Fig. 4. Gastric cancer rates among Japanese
residents in Hawaii and São Paulo ca 1980. (A)
Males; (B) Females. The age-adjusted incidence
rates of gastric cancer among Japanese residents in
Hawaii, USA, were significantly lower both in men
and women compared with the rates in Japan,
while in São Paulo, Brazil, the rates were relatively
similar.
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In summary, most case–control studies have shown that
patients with gastric cancer tended to have consumed more salt
and salted food as a result of their past dietary habits.

Evidence from Cohort Studies

Prospective data are scarce and only two studies were evaluated
in a 1997 report.(4) One reported no association with the intake
of table salt or soy sauce, while salted fish intake was associated
with an increased risk of gastric cancer in white American men,
largely of Scandinavian and German descent (relative risk = 1.9
for the highest intake level). Recently, three studies have also
reported this association. In a study that examined 13 000
Japanese men and women and 116 gastric cancer deaths with a
10-year follow up, a higher consumption of pickled food and
traditional soups showed an increased risk; however, this was
not statistically significant.(29) The Netherlands Cohort Study
examined 120 852 men and women and 282 incident gastric
cancer cases that were documented during 6.3 years of follow
up.(30) The salt intake of the cases was measured by calculating
the mean daily sodium intake (dietary salt) from 150 food items
and by using specific questions related to the consumption of
salt. The findings suggested that the intake of dietary salt and
several types of cured meat were weakly positively associated
with the risk of gastric cancer.

Tsugane et al. conducted a population-based prospective
study in four areas in Japan (Iwate, Akita, Nagano, and
Okinawa) with a total of 18 684 men and 20 381 women aged
between 40 and 59 years and documented 358 men and 128
women with histologically confirmed gastric cancer during
12 years of follow up.(31) The daily salt intake was calculated by
multiplying the consumption frequency of each of the 44 food
items by the salt content of their standard portions/units, as
specified in the Standard Tables of Food Composition (Science
and Technology Agency, 1982) and totaling the value for all
foods.(32) The validity among subsamples (94 men and 107
women) was assessed using actual nutrient intake data, which
was calculated based on a 28-day dietary record (7 consecutive
days in four seasons; 14 days in Okinawa). The Spearman rank
correlation between the two indices for sodium intake was 0.49
in men and 0.54 in women.(32) For those with the 2-day 24-h
urine excretion level (32 men and 57 women, except from
Okinawa), the correlation was 0.38 in men and only 0.12 in
women.(32) The scatter-grams showing the correlation between
the two indices for men in each area are shown in Figure 5. This
figure also shows that, although the validity is relatively higher
across the wide range of salt intake in the four areas combined,
it was modest within each area when the range of salt intake was
narrow. This finding suggests that the estimated salt intake level
obtained using a questionnaire is not sensitive enough to detect
small differences, but that it is useful to detect relatively large
differences, which had been observed in the cohort across the
populations. Although multiple 24-h urine collection may be an

ideal method with which to estimate habitual salt intake, this is
not feasible for a large-scale cohort study.

The quintile category of salt intake was dose-dependently
associated with the risk of gastric cancer in men, after adjusting
for potential confounding factors (for trend, P < 0.001), while a
trend was not clear in women (for trend, P = 0.48; Fig. 6). The
weak association observed between salt intake and gastric
cancer in women may be due to the relatively low validity of
the estimated salt intake; the Spearman rank correlation with a
2-day urinary excretion level was 0.12 for women, while it was
0.38 in men. The stratification by study area attenuated the clear
associations observed, as expected from the findings of the
above-mentioned validation study (Fig. 5). Although this associ-
ation was less clear for miso soup, pickled vegetables, and dried
fish, the consumption frequency category for highly salted food
such as salted fish roe and salted fish preserves was strongly
associated with the risk of gastric cancer in both sexes (Fig. 7).
The observed associations were attenuated after further adjust-
ing for salt intake or further stratification by study area; they
were still evident for salted fish roe and salted fish preserves.
The salt content of these items is >5%; that of other salted foods
varied widely. It is <5% in most food items. The observed find-
ings imply that either the intake of highly salted food increased
the risk of gastric cancer or that it was merely an indication of
the preference for salted food or salt intake in general. An alter-
native explanation for the strong association between highly
salted food and gastric cancer may be due to chemical carcino-
gens, which can be formed by reacting nitrate or nitrite during
the process of preservation and of digestion in the stomach.

From our dietary pattern analysis using the same data set, the
traditional dietary pattern, which is closely correlated with the

Fig. 5. The validity of a 44-item food frequency
questionnaire (FFQ) with 28-day dietary record
(DR) and two 24-h urinary excretions for sodium
by PHC area. Japan Public Health Center-based
prospective study FFQ Validation Study, Cohort I.
The Spearman rank correlation between the
estimate from the FFQ and the estimate from the
DR in men was 0.49 and between the estimate
from the FFQ and the level in the urine excretion
in men was 0.38. The scatter-gram between the
two indices shows that although the validity is
relatively higher across the wide range of salt
intake in the four areas combined, it was modest
within each area where the range of salt intake
was narrow.

Fig. 6. Salt intake# and risk of gastric cancer. JPHC Study Cohort I,
1990–2001. The quintile category of salt intake was dose-dependently
associated with the risk of gastric cancer in men (�, for trend,
P < 0.001), while a trend was not clear in women (�, P = 0.48). #, based
on 44-item food frequency questionnaire use in Japan Public Health
Center-based prospective study baseline survey in 1990; *statistically
significant at P = 0.05.
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intake of salted food such as salted fish roe, salted fish preserves,
pickled vegetables, dried fish, and miso soup, was significantly
associated with the increased risk of gastric cancer in both sexes
(relative risk for the highest quartile = 2.88 for men and 2.40 for
women; for trend, P < 0.0001 and 0.007, respectively).(33)

In summary, several cohort studies, including those reported
from Japan, have shown that a higher intake of salt and salted
food was associated with a subsequent risk of gastric cancer.

Salt, Salted Food Intake, and Helicobacter pylori Infection

Infection with H. pylori is an established risk factor, but not a
sufficient cause for the development of gastric cancer.(7,34) It is
important to elucidate the role that salt and salted food intake plays
in the causal link between H. pylori infection and gastric cancer.

In a cross-sectional study of 634 men, aged 40–49 years and
randomly selected from five areas in Japan, Tsugane et al. tested
the association between lifestyle factors and H. pylori infection;
474 of the 628 men evaluated were positive for the IgG antibody
against the bacterium.(35) A frequent intake of pickled vegetables
was associated with the prevalence of H. pylori (OR against
men who consume <1 day/week = 1.19 for 1–2 days/week, 1.92
for 3–4 days/week, 1.90 for 5–7 days/week; for trend, P = 0.02),
and the daily consumption of miso soup was also associated
with an increased risk (OR against non-daily consumption = 1.60,
95% confidence interval = 1.03–2.49; Fig. 8). Occupation, number
of siblings, education, smoking, alcohol consumption, and
other dietary habits were not significantly associated with the
prevalence of infection in this population. Although there are
limitations in a cross-sectional study such as this, the consump-
tion of salted food appears to increase the risk of H. pylori
infection. Mucosal damage induced by salt and salted food may
increase the possibility of persistent infection with H. pylori.(36)

While the salted food intake may increase the risk of H. pylori
infection, it has been shown to act synergistically to promote the
development of gastric adenocarcinoma in Mongolian gerbils
treated with N-methyl-N-nitrosourea (MNU).(37) The synergistic
enhancing effect of H. pylori infection and salted food intake
was also reported in a case–control study in Korea.(28) An infec-
tion with H. pylori, however, is by itself unlikely to increase the
intake of salted food. Therefore, H. pylori infection cannot be
confounded in the causal link between salt and salted food
intake and gastric cancer (Fig. 9). Restricting salt and salted
food intake can, at least, reduce the risk of gastric cancer.

Fig. 7. Highly salted food intake and risk of
gastric cancer. Japan Public Health Center-based
prospective study Cohort I, 1990–2001. The
frequency category of highly salted food such as
salted fish roe and salted fish preserves was
strongly associated with the risk of gastric cancer
in both sexes. (A) Men, salted fish roe; (B) men,
salted fish preserves; (C) women, salted fish row;
(D) women, salted fish preserves. *statistically
significant at P < 0.05.

Fig. 8. Salted food intake and Helicobacter pylori seropositivity:
cross-sectional analysis in an ecological study in five areas in Japan. The
frequent intake of pickled vegetables was associated with the
prevalence of H. pylori (for trend, P = 0.02), and the daily consumption
of miso soup was also associated with an increased risk (odds ratio
against non-daily consumer = 1.60, 95% confidence interval = 1.03–
2.49). *Statistically significant at P < 0.05.

Fig. 9. Salt and salted food intake, Helicobacter pylori infection and
gastric cancer. While salted food intake may increase the risk of
H. pylori infection, it may act synergistically to promote the develop-
ment of gastric cancer. H. pylori infection cannot be confounded in the
causal link between salt and salted food intake and gastric cancer,
because the infection is by itself unlikely to increase the intake of
salted food.
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Gastric Cancer Prevention by Restriction of Salt and 
Salted Food

Although the eradication of H. pylori might be a promising
strategy for gastric cancer prevention, a majority of middle-aged
and elderly Japanese people are already infected with it.(33) The
worldwide decrease in the age-adjusted incidence rate of gastric
cancer has not been related to the program of intentional
eradication of H. pylori infection, but can be related to a
reduction in salt and salted food intake, and to an increase in
fresh fruit and vegetable intake with the popularization of
refrigerators. Based on sufficient evidence from descriptive and
analytic epidemiologic studies, including those with a Japanese

population, on the association between salt and salted food
intake and risk of gastric cancer, dietary modification to reduce
the intake of salt and salted food is a practical strategy with
which to prevent gastric cancer in high-risk areas in Japan.
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