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Abstract

Helicobacter pylori (H. pylori) infection is considered the leading cause of gastric

cancer. Gastric cancer is currently a common cancer with high incidence and mor-

tality rates, but it is expected that the incidence rate will gradually decrease as the

H. pylori infection prevalence decreases in the future. When evaluating the effec-

tiveness of gastric cancer prevention strategies, it is essential to note the differ-

ences in long-term cumulative risks between H. pylori-infected and uninfected

populations, but this has not yet been precisely evaluated. In our study, we aimed

to estimate the cumulative incidence risks of developing gastric cancer from birth

to 85 years among H. pylori-infected and uninfected populations by using

population-based cancer registry data and birth year-specific H. pylori infection

prevalence rates. Death from gastric cancer and other causes of death were consid-

ered in the estimations of the adjusted cumulative incidence risks stratified by sex

and H. pylori infection status. After performing 5000 Monte Carlo simulations with

repeated random sampling using observed cancer incidence in selected three pre-

fectures (Fukui, Nagasaki, Yamagata) of prefectural population-based cancer regis-

try in Japan, the mean adjusted cumulative incidence risk for gastric cancer in the

H. pylori-infected population was 17.0% for males and 7.7% for females and 1.0%

for males and 0.5% for females in the uninfected population. These results calcu-

lated with Japanese cancer registry data may be useful in considering and evaluat-

ing future prevention strategies for gastric cancer in Japan.
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What's new?

Helicobacter pylori infection is considered the leading cause of gastric cancer. This study esti-

mated the cumulative incidence risk for gastric cancer from birth to 85 years of age, stratified

by H. pylori infection status, for the first time in Japan. The cumulative risk among H. pylori-

infected individuals was 17.0% in males and 7.7% in females, after adjusting for gastric cancer

incidence and other causes of death. The cumulative risk in the population without H. pylori

infection was low. These results offer essential information for future cost-effectiveness and

cost-benefit analyses and new gastric cancer prevention programs in Japan.

1 | INTRODUCTION

Gastric cancer is the fifth most frequent cancer and the fourth most

common cause of cancer deaths worldwide.1,2 Helicobacter pylori is

known as the leading risk factor for gastric cancer.3-5 The virulence or

carcinogenicity of H. pylori depends on the strain. East Asian type

H. pylori strains, which prevail in Japan, have a stronger carcinogenic

effect than European type H. pylori strains.6

In Japan, age-standardized gastric cancer incidence and mortality

have been decreasing over the past decades.7 The decrease is thought

to be mainly because of decreasing H. pylori prevalence.8,9 Gastric

cancer incidence in those with H. pylori infection may be consistent

unless a remarkable change occurs in the genetic background of the

Japanese population or the H. pylori strains. Thus, the lifetime cumula-

tive incidence risk for gastric cancer among those with H. pylori infec-

tion in a specific region is a good marker for the virulence of the

H. pylori strains prevailing in that region and might help predict the

future gastric cancer situation. We adopted the lifetime cumulative

incidence risk instead of relative risk, mainly for the following reasons.

Relative risk provides limited information on the absolute value of the

risk. In contrast, lifetime cumulative incidence risk can show the abso-

lute value concretely, which helps to directly predict an individual's

gastric cancer risk in the future, and is useful and convenient in calcu-

lating the costs and benefits of a gastric cancer prevention program.

Utilizing the causal relationship betweenH. pylori and the development

of gastric cancer, several preventive strategies for gastric cancer have been

put into practice. For example, several local Japanese governments have

been practicing the “test and treat” approach for H. pylori infection among

senior or junior high school students10 to prevent the future development

of gastric cancer in not only the students themselves but also the next gen-

erations because the infection route ofH. pylori in Japan is mainly from par-

ents to their children.11,12 When considering the effectiveness of these

prevention strategies for gastric cancer, especially in cost-effectiveness ana-

lyses, it is inevitable that the lifetime cumulative incidence risk of the

H. pylori-infected population in the region needs to be considered, and the

risk ratio needs to be calculated depending on the presence or absence of

infection. Nevertheless, few studies to date have directly evaluated these

risks in H. pylori-infected subjects, and the current national gastric cancer

strategies are based on cancer statistics that do not considerH. pylori infec-

tion, including lifetime cumulative risk for gastric cancer.

Our study aimed to calculate the long-term cumulative risk of

developing gastric cancer among H. pylori-infected and uninfected

Japanese populations using existing cancer registry data.

2 | MATERIAL AND METHODS

In estimating the cumulative gastric cancer incidence risk, the distribution

and mean of the estimated values were calculated by performing 5000

Monte Carlo simulations under the conditions described below. The simu-

lation was performed using R version 4.0.3 (http://www.R-project.org/),

and subsequent statistical analyses were performed with Stata16

(StataCorp LLC, Texas).

2.1 | Source of gastric cancer incidence
and mortality data

Japan consists of 47 prefectures, and each prefecture has collected and

registered data on cancer patients. Until the start of the national cancer

registry in 2016, the accuracy of regional cancer registries varied

because the cooperation among the medical institutions in each prefec-

ture differed. Gastric cancer (ICD-10 code C16) incidence rates were

obtained from observed cancer incidence of prefectural population-

based cancer registry in selected three prefectures (Fukui, Nagasaki,

Yamagata) for trend analysis from 1985 to 2012 (Source A),13-15

national estimates of cancer incidence in Japan based on regional

cancer registries from 9 to 32 prefectures from 1985 to 2012

(Source B),16 and Japan's national cancer registry established by the

Act on Promotion of Cancer Registration (Law No. 111, issued on

December 13, 2013) from 2016 to 2017 (Source C).17 Source A has

been recommended for assessments of the year-to-year differences

in the cancer incidence rate, but there are prefectures that are

thought to have a relatively high prevalence of gastric cancer among

the included prefectures.18 Therefore, we mainly performed the cal-

culation using Source A, and Sources B and C were used to compare

the resulting estimations.

The data of all-cause and gastric cancer (ICD-10 code C16) death

rates (per 100 000 population) from the 2018 Vital Statistics of

Japan19 were used for adjustments.
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2.2 | Estimation of age-specific H. pylori infection
prevalence

For the calculation of each gastric cancer incidence rate at a certain

age among the H. pylori-infected population, we used birth-year

specific H. pylori infection rates estimated from our previous meta-

analysis.9 According to the meta-analysis, the prevalence of H. pylori

infection in the population born in 1908 is lower than that in those

born in 1928, which seems unnatural. The reasons for this may be

the spontaneous disappearance of H. pylori due to the progression

of gastric mucosal atrophy, which is common in the elderly

population,20,21 and the infection tests for those born before 1928

were performed when they became elderly. Since it was difficult to

know the real H. pylori prevalence in this population, we hypothe-

sized that the prevalence of H. pylori among the population born

between 1908 and 1928 was uniformly distributed between 60%

and 100%.

2.3 | Estimation of gastric cancer incidence rates
among specific populations

In addition to the distribution pattern of H. pylori prevalence, we

hypothesized that the risk ratios of developing gastric cancer in

H. pylori-infected and uninfected populations were between 3 and 50.

Uniformly distributed risk ratios were adopted in each simulation.

The calculation formula used in the simulation is as follows. We

estimated the gastric cancer incidence rate (Io) at each age x by birth

year based on the observed gastric cancer incidence rates from the

three prefecture registries from 1985 to 2012. Since gastric cancer

incidence rates from the cancer registries were obtained annually for

the 5-year age classes (I age rangeð Þ), we estimated the incidence rate

for each age x (Iox) as follows:

Iox ¼ g þ qð Þ ¼ 0:5� I g� gþ 4ð Þ þ I g�5� g�1ð Þ
� � þ q�0:2� I g � g þ 4ð Þ � I g�5� g�1ð Þ

� �
,

where g = 5, 10, 15, …, 80, 85 and q = �2, �1, 0, 1, 2.

For ages 0 to 2,

Iox ¼ gþ qð Þ ¼ I0 þ q�0:4� I g� gþ 4ð Þ � I0
� �

,

where I0 = 0, g = 0 and q = 0, 1, 2.

The groups of gastric cancer incidence rates for age x among the

H. pylori-infected (Ipxy) and uninfected (Inxy) populations was calcu-

lated based on the predicted prevalence of the H. pylori infection rate

(Py) for each birth year y from 1908 to 2003. Based on the hypothe-

sized gastric cancer risk ratios (uniformly distributed between 3 and

50) between those with and without H. pylori infection, Ipxy and Inxy

were calculated as follows:

Ipxy ¼
RR� Ioxy

1 þ Py� RR�1ð Þ ,

Inxy ¼ Ioxy
1 þ Py� RR�1ð Þ :

Since multiple Ipxy and Inxy values were calculated for each age

x from 0 to 85 years, their mean values Ipx and Inx were used for fur-

ther calculations. In practice, the number of values calculated for each

age x, except for ages ≤8 or ≥78, was 28 (Figure 1).

2.4 | Estimation of cumulative gastric cancer risk

Then, we estimated the two cumulative incidence risk values for

gastric cancer among H. pylori-infected and uninfected populations

for each sex. The crude cumulative risks were calculated using the

same method as described by Schouten et al,22 and the adjusted

cumulative risks, which considered competing causes of death and

gastric cancer death and incidence, were also calculated using the

same method as described by Wun et al.23 The calculations were

performed under the condition that the risk ratio did not differ

depending on age.

The crude cumulative incidence risk for gastric cancer22 from

birth through age t (0 ≤ t ≤ 85) among the H. pylori-infected popula-

tion (Cpcrude 0�tð Þ) was calculated as follows:

Cpcrude 0�tð Þ ¼ 1�exp �
Xt
x¼ 0

Ipx

 !
: ð1Þ

The crude cumulative risk among the population with H. pylori

infection (Cncrude 0�tð Þ) was given by Equation (1) with Inx substituted

for Ipx.

The adjusted cumulative incidence risks for gastric cancer23 was

calculated as follows based on a hypothetical cohort of 100 000

individuals.

nx: number alive at the beginning of age x.

mx: all-cause mortality rate at age x.

dx: gastric cancer mortality rate at age x.

Ipx: gastric cancer incidence rate at age x among the H. pylori-infected

population.

Inx: gastric cancer incidence rate at age x among the uninfected

population.

sx: number of gastric cancer-free population at the beginning of age x.

rx: gastric cancer incidence rate at age x among a gastric cancer-free

population.

ax: number of newly developed gastric cancers through age x among a

gastric cancer-free population.

With n0 and s0 defined as 100000 live births,

nxþ 1 ¼ nx�exp �mxð Þ,

sxþ 1 ¼ sx�exp � mx�dx þ rxð Þ½ �,

20 KAWAI ET AL.
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ax ¼ sx� 1�exp � mx�dx þ rxð Þf g½ �� rx
mx�dx þ rx

:

In the case of the H. pylori-infected population, rx was given as

follows:

rx ¼ �ln 1�nx
sx
� 1�exp �Ipxð Þf g

� �
: ð2Þ

Then, the cumulative incidence risk for gastric cancer (the

probability of developing gastric cancer) through age t from

age j (0 ≤ j < t ≤ 85) among the H. pylori-infected population

(A) (C)

(B) (D)

F IGURE 2 Scatter plots and
histograms of estimated
cumulative risk distribution for
gastric cancer from 0 to 85 years
among Japanese males
determined by performing 5000
Monte Carlo simulations when
various conditions for
Helicobacter pylori infection rate

and gastric cancer risk ratio were
set. (A), Histogram for the
H. pylori-infected population;
(B), scatter plot for the H. pylori-
infected population; (C),
histogram for the population
without H. pylori infection; (D),
scatter plot for the population
without H. pylori infection

TABLE 1 Cumulative incidence risksa (%) of developing gastric cancer from birth to age 85 among Helicobacter pylori-infected and uninfected
populations (estimated by performing 5000 Monte Carlo simulations using three available data sets)

Gender
H. pylori
infection Data sourcesb Mean (95% CI)

Estimated value at each percentile points

2.5th
percentile

25th
percentile Median

75th
percentile

97.5th
percentile

Males Positive A 17.03 (15.73-17.72) 15.73 16.84 17.11 17.34 17.72

B 15.23 (14.08-15.83) 14.08 15.07 15.30 15.49 15.83

C 14.87 (13.22-15.26) 13.22 14.78 15.08 15.20 15.26

Negative A 1.01 (0.36-3.76) 0.36 0.46 0.65 1.15 3.76

B 0.88 (0.32-3.39) 0.32 0.40 0.57 1.00 3.39

C 0.85 (0.31-3.17) 0.31 0.40 0.56 0.97 3.17

Females Positive A 7.66 (7.05-8.00) 7.05 7.57 7.70 7.81 8.00

B 6.66 (6.14-6.94) 6.14 6.59 6.70 6.78 6.94

C 6.07 (5.36-6.26) 5.36 6.02 6.17 6.23 6.26

Negative A 0.45 (0.16-1.70) 0.16 0.20 0.29 0.52 1.70

B 0.39 (0.14-1.48) 0.14 0.18 0.25 0.44 1.48

C 0.35 (0.13-1.24) 0.13 0.16 0.23 0.40 1.24

aCumulative gastric cancer incidence risks adjusted for all cause of deaths and gastric cancer deaths and incidences.
bData source: A, observed cancer incidence in selected three prefectures (Fukui, Nagasaki, Yamagata) of prefectural population-based cancer registry in

Japan (1985-2012); B, national estimates of cancer incidence based on prefectural population-based cancer registries of 9 to 32 prefectures in Japan

(1985-2012); C, Japan's national cancer registry (2016-2017).
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without a history of gastric cancer (Cp j�tð Þ) was calculated as

follows:

Cp j�tð Þ ¼
Xt
x¼ j

ax=sj:

The adjusted cumulative risk among the population without

H. pylori infection (Cn j�tð Þ) was obtained through ax and sx given by

Equation (2) with Inx substituted for Ipx.

The above calculation was performed by Monte Carlo simulation

randomly 5000 times for each of the three data sources and each sex,

and the mean values and 95% confidence intervals (CIs) were calcu-

lated. Furthermore, we examined the relationship between the hypoth-

esized risk ratio and the distribution of estimated cumulative risk values.

3 | RESULTS

As a result of 5000 simulations based on selected three prefectures

(Fukui, Nagasaki, Yamagata, 1985-2012) cancer registry (Source A),

the crude cumulative risk of developing gastric cancer from birth to

85 years of age among the H. pylori-infected population was

22.26% (95% CI, 20.63-23.21) for males and 8.74% (95% CI,

8.07-9.14) for females. The adjusted cumulative risks estimated by

the same data (Source A) were 17.03% (95% CI, 15.73-17.72) for

males and 7.66% (95% CI, 7.05-8.00) for females. As shown in

Figure 2, taking the male population as an example, the simulation's

estimated values were not normally distributed and depended on

the risk ratio setting. The mean values were slightly lower than the

median values. For males, the median was 17.11%, and the inter-

quartile range (IQR) was 16.84% to 17.34%; for females, the

median was 7.70%, and the IQR was 7.57% to 7.81%. Among the

population without H. pylori infection, the adjusted cumulative inci-

dence risks for gastric cancer from birth to 85 years of age were

1.01% (95% CI, 0.36-3.76) for males and 0.45% (95% CI, 0.16-1.70) for

females (Table 1). Similar simulations were performed to calculate cumu-

lative incidence risks for gastric cancer among H. pylori-infected and uni-

nfected males and females based on the other two sources of data

(Sources B and C), and their estimated values were slightly lower than

those obtained from Source A (Table 1).

Table 2 shows the mean of the estimated cumulative incidence risks

for gastric cancer based on Monte Carlo simulations at attained ages in

certain age groups without gastric cancer among the H. pylori-infected

population. Among all age groups, males who survived without develop-

ing gastric cancer until the age of 30 had the highest cumulative inci-

dence risk for gastric cancer at 85. In females, those who survived

without gastric cancer until age 20 showed the highest risk at 85. No sex

difference was observed under 40 years of age between males and

females with or without H. pylori infection, while the H. pylori-infected

male population over 40 years showed a higher gastric cancer incidence.

Figure 3 shows the median values and 95% central ranges (within the

2.5th and 97.5th percentiles) of the estimated cumulative incidence risks

for gastric cancer from birth to attained age amongH. pylori-infected and

uninfected populations based on 5000Monte Carlo simulations.

4 | DISCUSSION

4.1 | Summary of findings

As shown in Table 1, we calculated the cumulative incidence risks for

developing gastric cancer from birth to age 85 among H. pylori-

The 95% central range 
(within the 2.5th and 
97.5th percentiles) of 
estimated values among 
H. pylori-infected 
population 

The 95% central range 
of estimated values 
among H. pylori-
uninfected population 

Median values (H. pylori-infected population)

Median values (H. pylori-uninfected population)

F IGURE 3 Median values
and 95% central ranges (within
the 2.5th and 97.5th
percentiles) of estimated
cumulative incidence risks for
gastric cancer from birth to
attained age among male
Helicobacter pylori-infected and
uninfected populations based

on 5000 Monte Carlo
simulations
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infected and uninfected populations. In the male population, the mean

cumulative incidence risks for gastric cancer were 17.0% for H. pylori-

infected individuals and 1.0% for uninfected individuals. The

corresponding risks for females were 7.7% and 0.5%. For the cumula-

tive risk of developing gastric cancer from a certain age to 85, males

who survived without developing gastric cancer by age 30 had the

highest cumulative risk. Among the female population, those who did

not develop gastric cancer by age 20 had the highest cumulative risk.

These results may be because there is less gastric cancer among those

who die young.

4.2 | Analysis methods and conditions

Since the relative risk of developing gastric cancer between individuals

infected and uninfected with H. pylori is not yet clear, we estimated

these values through extensive random simulations calculated from

three available data sets. We also ran 20 000 simulations under the

same conditions, but the results did not substantially change; therefore,

we determined that 5000 iterations would be sufficient.

In a Japanese cohort study, the relative risk between those with

and without infection exceeded 15, and no incidence was observed in

subjects without H. pylori infection,4 whereas a Swedish study24

showed a relative risk of approximately 20. Considering that the

Japanese H. pylori strain is more virulent than the Swedish strain,6

the relative risk could possibly be as high as 30 to 50 in the Japanese

population. In the main analysis, we set the risk ratio to be distributed

between 3 and 50. We also performed calculations after restricting

the risk ratios between 3 and 10, accounting for the possibility that

the actual relative risk would be small, but the cumulative risks were

similar to the main results.

Regarding the unnatural change in H. pylori infection rate among

people born before 1928, we hypothesized that the prevalence of

H. pylori infection among the population born between 1908 and

1928 was uniformly distributed between 60% and 100% because

spontaneous disappearance of H. pylori might be common in that age

group. Although it is difficult to predict the true prevalence, we

reestimated the cumulative risks with a hypothesis of a beta distribu-

tion with a median of 85%, 80%, 75% and 70% for age groups divided

in 5-year increments from 1908 to 1928. The risk value calculated by

this method (17.27% for the H. pylori-infected male population) was

close to the estimated value based on a hypothesized uniform distri-

bution of 60% to 100%.

4.3 | Differences in results among data sources

The estimated cumulative incidence risks for gastric cancer calculated

from selected three prefectures cancer registry for trend analysis

(Source A) was slightly higher than the values calculated based on the

other two sources: national estimates of cancer incidence in Japan

based on regional cancer registries of 9 to 32 prefectures (Source B)

and Japan's national cancer registry (Source C). The accuracy of

cancer registries in Japan varied among prefectures in the past, and

it is recommended that “high-quality” data from three prefectures

are used when examining year-to-year transitions.15 According to

the latest report from the National Cancer Center's “Monitoring of

Cancer Incidence in Japan” (MCIJ2015),18 the age-standardized

incidence rates of gastric cancer (male, female and overall) in Yama-

gata (63.5 per 100 000 population) and Fukui (54.7 per 100 000

population) were higher than the national average (45.3 per

100 000 population) and that in Nagasaki (43.0 per 100 000 popula-

tion) was similar. This tendency has not changed for many years.25

The higher rates calculated in our study, which were from Source A,

may be due to the higher accuracy of cancer registries and/or differ-

ences in risk factors other than H. pylori infection, as discussed later.

Although it is difficult to understand the real effects of these rea-

sons, the results of our study might slightly overestimate the risk

value for the whole of Japan.

4.4 | Comparisons with existing findings

To date, few studies have evaluated the lifetime risk of gastric cancer

among the H. pylori-infected population. The few Japanese studies

considering H. pylori infection did not stratify patients by the preva-

lence of H. pylori.26,27 The reported lifetime cumulative incidence risks

for gastric cancer without considering H. pylori infections were 11.4%

for males and 5.7% for females.26 Our results, estimated from the

same data source, showed 17.0% in the H. pylori-infected population,

with the risk not exceeding 1.0% in the H. pylori-uninfected popula-

tion. From this result, it is clear that a consideration of H. pylori infec-

tion is indispensable. According to the cancer statistics from the

Surveillance, Epidemiology and End Results (SEER) Program of

the United States in 2015 to 2017, lifetime risks for gastric cancer

among Asian Pacific/Islander inhabitants were 1.89% in males and

1.30% in females.28 This can be explained by the fact that the H. pylori

prevalence in the United States is much lower than that in Japan.29 In

addition, the weaker virulence of the H. pylori strains prevailing in the

United States compared to that of the strains in East Asia, including

Japan, may play a role.30

4.5 | Future developments based on the results
of our study

Significant differences in the long-term cumulative incidence risks for

gastric cancer between H. pylori-infected and uninfected populations

suggest that tailored gastric cancer prevention strategies are needed.

Since the effect of successful eradication of H. pylori infection on

future gastric cancer risk has already been clarified,31,32 the risk of

gastric cancer in H. pylori-infected individuals can be predicted in both

cases: with and without eradication therapy. In addition, from the

results of our study, it is possible to evaluate the effect of preventing

parent-to-child transmissions of H. pylori infection on reducing the risk

of gastric cancer in the next generation.
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4.6 | Study limitations

Because the calculations are based on many postulations and hypoth-

eses, our study has several limitations. First, we assumed that the

prevalence of H. pylori infection was determined by the year of birth,

and the rate did not change until the age of 85. Most H. pylori infec-

tions occur in childhood and therefore, new infections in adulthood

are rare.21,33 Although the H. pylori infection rate in childhood is

unstable, the effect of variations in the prevalence of H. pylori infec-

tion in childhood is negligible on the long-term cumulative risk

because the incidence of gastric cancer in childhood is very low. In

the elderly population, persistent infection with H. pylori sometimes

causes advanced atrophy of the gastric mucosa, which can cause

H. pylori to spontaneously disappear. Some cohort studies have shown

that those who experienced spontaneous disappearance of H. pylori

had a higher risk for gastric cancer than those with persistent

infection,27,34,35 seemingly indicating that the risk increased after dis-

appearance. However, we think the spontaneous disappearance of

H. pylori exerts little influence on the cumulative risk for gastric can-

cer. The severity of atrophic gastritis increases with age in H. pylori-

infected patients,36 and severity shows a positive relationship with

gastric cancer risk.27,34,35,37,38 Those with a history of spontaneous

disappearance of H. pylori have more severe gastric mucosal atrophy

than those with persistent infection. The higher hazard ratio of gastric

cancer in those with the spontaneous disappearance of H. pylori in the

cohort study may be because those with spontaneous disappearance

have a higher risk of developing gastric cancer due to severe gastric

mucosal atrophy. Second, we postulated that the risk ratio of develop-

ing gastric cancer between H. pylori-infected and uninfected

populations is the same at all ages because no studies have reported

such a relationship to date. A few studies have reported relationships

of age and the magnitude of H. pylori infection with gastric carcino-

genesis. In our previous studies,3,20 the magnitude was more substan-

tial in the younger population. This may be because more severe

gastric mucosal atrophy and consequently more spontaneous disap-

pearances of H. pylori occurred in older gastric cancer patients than in

younger gastric cancer patients or control subjects.21 Third, we

hypothesized that the mortality rates are the same between H. pylori-

infected and uninfected populations. Since gastric cancer may be the

most common cause of H. pylori-induced death, higher mortality is

expected in the H. pylori-infected population. However, the effect

is diminished when the incidence of gastric cancer is treated as a cen-

sored variable. Fourth, we did not rule out the impacts of other risk

factors for gastric cancer, including smoking.39 Fifth, we considered

the cumulative incidence risk from birth to age 85 as the lifetime

cumulative incidence risk here because examinations for gastric can-

cer, including endoscopy, are performed less frequently for those aged

over 85, and the incidence rates in patients of those ages are not nec-

essarily stable or reliable. The average healthy life expectancy is

increasing year by year around the world, including in Japan. If stable

and reliable data in age groups above 85 years are obtained, the life-

time cumulative incidence risk should be calculated to include ages

older than 85.

4.7 | Conclusion

Based on the considerations above, the estimated values in our study

are similar to the actual values. In the future, the incidence of gastric

cancer in this population will be expected to decrease steadily as the

H. pylori prevalence decreases. Our study showed that the long-term

cumulative risk of gastric cancer differed substantially depending on

the presence or absence of H. pylori infection and revealed that the

cumulative risk in the population without H. pylori infection was low.

These results may help us consider and evaluate prevention strategies

for gastric cancer, including what screening programs should be

applied in Japan.
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