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Purpose This study aimed to determine the proportion of gastric cancer attributable to Helicobactor pylori in the Korean population.
Infection with H. pylori has been recognized as the most significant risk factor for gastric cancer. In Korea, gastric cancer is the most
common cancer that accounted for 13.3% of all cancers in 2016. In particular, men are most commonly diagnosed with gastric can-
cer; the age-standardized incidence rate in men is 49.6 per 100,000, which is more than twice the incidence in women.

Materials and Methods The population attributable fraction (PAF) was calculated as a function of the relative risk (RR) of gastric
cancer associated with H. pylori infections. To estimate PAF of gastric cancer due to H. pylori, the prevalence of H. pylori infections was
extrapolated for the year of 1990 and a pooled RR was obtained by conducting a meta-analysis of studies recently published in Korea.

Results The estimated prevalence of H. pylori was 76.4% in men and 71.9% in women. The RRs (95% confidence interval) pooled
from case-control studies using a random effects model was 1.69 (1.29-2.22) for overall gastric cancer and 2.17 (1.04-4.55) for
non-cardia gastric cancer. Using the RR for overall gastric cancer, the estimated PAFs due to H. pylori were 34.5% in men and 33.2%
in women.

Conclusion The occurrence of gastric cancer in Koreans may be affected by other risk factors in addition to H. pylori infection, which

may contribute to increasing baseline risk for gastric cancer.
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Introduction

Gastric cancer is one of the leading malignancies world-
wide with varying incidence and mortality rates across
geographic regions [1]. The highest incidence rates of gas-
tric cancer are consistently being reported in East Asia [1]. In
Korea, gastric cancer is the most commonly diagnosed can-
cer; in 2016, gastric cancer approximately 13% of all cancers.
In particular, gastric cancer ranks the top incident cancer
among men in Korea, with an age-standardized incidence
rate of 49.6 per 100,000, which is twice the incidence rate in
women. Although the incidence rates of gastric cancer gradu-
ally declined in Korea between 1999 and 2016, it nevertheless
remains high [2].

Several previous studies have suggested that an increased
risk of gastric cancer is associated with lifestyle behaviors,
such as cigarette smoking, intensive alcohol consumption,
high salt intake, consumption of processed meat, and low
intake of fruits [3]. Furthermore, infection with Helicobac-
ter pylori, which is categorized as a class I carcinogen, is the
main risk factor for gastric cancer [4]. Individuals with a H.

pylori infection have a 3 times higher risk of developing non-
cardia gastric cancer than individuals who are not infected
with H. pylori [5]. The high endemicity of H. pylori infection in
Korea and the high prevalence of approximately 50%-60% [6]
may reflect the high incidence rate of gastric cancer in Korea.
However, the inflammatory response to an infection in a host
and the virulence of the infection vary between individuals.
Additionally, environmental exposures may also contribute
to the increase in the risk of gastric cancers [1], while the
widespread use of antibiotics for treating H. pylori infections
may be associated with a decrease in the risk of the same can-
cers [7].

The population attributable fraction (PAF) is a measure to
quantify the contribution of a certain risk factor to the bur-
den of disease on a population level. It is calculated using the
exposed proportion of the population (e.g., exposure preva-
lence of H. pylori) and the relative risk (RR) of disease (e.g.,
gastric cancer) due to the risk factor [8]. Thus, the PAF may be
used to estimate the extent to which H. pylori infections con-
tribute to the burden of gastric cancer on a population level.
To develop public health policy and implement cancer con-
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trol measures that are well-suited for a given population, the
PAF is an important measure of quantifying the proportion
of the gastric cancer burden that could be prevented if proper
interventions were implemented to control H. pylori infec-
tions.

Given the changing trend of gastric cancer along with the
changes in lifestyle behaviors, there is a need to re-evaluate
the contribution of H. pylori to gastric cancer in the Korean
population. Therefore, the purpose of this study was to
estimate the PAF using recently published studies and to
re-evaluate the risk of developing gastric cancer attributable
to H. pylori infections among Koreans.

Materials and Methods

1. Estimation of the population attributable fraction

The PAF of gastric cancer due to H. pylori infection was
calculated using Levin’s formula [9,10] which is the direct
method to calculate the ratio of cases resulting from H. pylori
infection to the total number of cases. The prevalence of H.
pylori infections and RR for gastric cancer in Korean popu-
lation were used in the formula. A counterfactual exposure
was defined as no H. pylori infection.

2. Exposure prevalence of H. pylori

Estimates for the prevalence of H. pylori infections were
have been adapted from a report by Lim et al. [11], which was
conducted at a different time point. Using these data, which
were reported in 1998, 2005, 2011, and 2016, prevalence esti-
mates of 76.4% for men and 71.9% for women in 1990 were
extrapolated (Fig. 1). The H. pylori prevalence could be used
subsequently to evaluate the PAFs of gastric cancer 25 years
later (1990-2016).

3. Risk estimate of gastric cancer

A meta-analysis was conducted to evaluate the over-
all combined risk of gastric cancer from H. pylori infection
and determine the PAFs among the Korean population.
Instead of applying the RR for gastric cancer, the odds ratio
(OR) pooled from the studies conducted in Korea was
applied in the PAF formula. A meta-analysis was performed to
obtain the pooled OR after updating a systematic review [12]
to collect risk estimates from recently published studies up
to 2019. The analysis included the published Korean studies
written in English or Korean to examine H. pylori infection
as a risk factor with regard to gastric cancer risk. The search
keywords that were used in the PubMed (http: // www.ncbi.
nlm.nih.gov/pubmed/) and Koreamed (http:// www.kore-
amed.org/SearchBasic.php) databases included ‘Helicobacter
pylori, ‘gastric cancer,” ‘stomach cancer,” and “Korea.” Eligible
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H. pyloriprevalences by year

Year Both  Male Female
1990°! 743 7640 7199
1998 66.9 69.4 64.2
2005 58.6 61.0 55.8
2011 54.5 57.1 51.2
2016 439 47 1 404

Fig. 1. Back extrapolation to estimate the Helicobacter pylori
prevalence in 1990 among Koreans. Estimates extrapolated
backward using the reported H. pylori prevalences in 1998, 2005,
2011, and 2016.

articles were limited to observational studies conducted in
Korea that had age- and sex-matched control groups. Of the
4,513 full-text publications retrieved from searching data-
bases until December 31, 2019, 11 eligible articles were even-
tually included in the meta-analysis (S1 Fig.). Data includ-
ing study period, study population and sample size, cancer
types by tumor site, and risk estimates of cancer by infection
status were extracted from 11 studies [13-23] including hos-
pital-based case-cohort and case-control studies. The cases
were divided into overall, non-cardia, and cardia forms of
gastric cancer based on the tumor site. Additionally, a sensi-
tivity analysis was conducted to assess whether the selective
studies dealt with adjustment for risk factors other than H.
pylori infection, such as cigarette smoking and alcohol drink-
ing (Table 1).

A sex-stratified meta-analysis was performed using risk
estimates. As the heterogeneity assessment revealed no sig-
nificant differences between the studies, the pooled OR and
95% confidence intervals (CIs) were estimated based on the
random effects model. Heterogeneity was defined as a Hig-
gins’ I? value > 50% [24]. Subgroup analyses were conducted
for different tumor sites of gastric cancer. A p-value of < 0.05
was considered statistically significant. Stata ver. 14.0 (Stata-
Corp., College Station, TX) was used to perform the meta-
analysis to obtain pooled ORs and to assess publication bias.
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Table 1. Continued

Potential risk factors

Category of

~—
=}
)
Z
Sy
=]
)
Z

Type and source of

OR (95% CI)

of gastric cancer

infection

2]
—
=]
i
-
=1
(=]
%)

cases
1,124

study subjects

Adjusted for age, sex, smoking and

1.00

Negative

e}
©
<
—

2006-2017  Hospital-based

Baek et al.

11

alcohol drinking status

OG: 2.06 (1.20-4.50)

Positive

(Seoul National University

(2020) [23]

Bundang Hospital)

CG, cardia gastric cancer; CI, confidence interval; NG, non-cardia gastric cancer; OG, overall gastric cancer; OR, odds ratio.

4. Sensitivity analysis and Cls

A sensitivity analysis was conducted to compare the differ-
ent values of PAF that resulted from using exposure preva-
lence rates in different time points (1990, 1998, 2005, 2011,
and 2016). To assess the uncertainty of the risk estimates or
prevalence rates, the delta method was used to estimate the
variance of the PAF and 95% CIs.

Results

To estimate the prevalence of H. pylori infection in the year
1990, the levels of H. pylori prevalence reported in the selec-
tive years among Koreans were used and extrapolated back-
wards. The estimated prevalence in 1990 was 74.3% in both
sexes (76.4% in men and 71.9% in women) (Fig. 1).

Among 11 eligible studies, the studies were separately
selected for meta-analyses to obtain the pooled ORs by
tumor site of gastric cancer: 11 studies were used for over-
all gastric cancers, three studies for non-cardia gastric can-
cers, and four studies for cardia gastric cancers. In a meta-
analysis, the pooled OR (95% Cls) for overall gastric cancers
was 1.69 (1.29-2.22) (I*=84.2%, p < 0.001). After stratifying the
data by tumor site, the pooled ORs (95% Cls) for non-cardia
and cardia gastric cancers were 2.17 (1.04-4.55) (I>=93.0%,
p <0.001) and 1.97 (1.02-3.77) (I*=56.2%, p=0.077), respective-
ly. The pooled OR for non-cardia gastric cancers was higher
than that for overall gastric cancer and statistically signifi-
cant (Fig. 2).

To obtain the PAF estimates, the pooled ORs for overall
and non-cardia gastric cancers were separately applied in
the Levin's formula along with the exposure prevalence of
H. pylori infection in 1990 obtained from the back extrapola-
tion (Fig. 3). Using the exposure prevalence from 1990, the
PAF estimates for overall gastric cancer were 34.5% for men
and 33.2% for women. For non-cardia gastric cancer, the PAF
estimates were 47.2% for men and 45.7% for women. Using
the exposure prevalence from 2005, the PAF estimates for
overall gastric cancer were 29.6% for men and 27.8% for
women. For non-cardia gastric cancer, the PAF estimates
were 41.6% for men and 39.5% for women. When the expo-
sure prevalence from 2016 was used, the PAF estimates were
24.5% in men and 21.8% in women for overall gastric cancers,
and 35.5% in men and 32.1% in women for non-cardia gastric
cancers. When more recent exposure prevalence rates of H.
pylori were applied, decreasing PAF estimates and smaller
ranges of 95% ClIs were observed in both sexes. No major
differences in the PAF estimates were observed between the
sexes (Fig. 3).

When using nine selective studies adjusted for smoking
and drinking status, the pooled OR for overall gastric cancer
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Study OR(95% CI)  Weight (%)

Overall GC 1.69(1.29-2.22) 100
Kim HY et al. 1997 T—— 1.39(0.89-2.17) 8.7
Chang WK et al. 2001 —_— 1.82(1.10-3.00) 8.1
Kim DS et al. 2005 —_—— 1.71(1.13-2.58) 8.9
Shin A et al. 2005 —t— 1.06 (0.80-1.40) 10.1
Gwack J et al. 2006 — 0.96 (0.68-1.36) 95
Cho SJ etal. 2010 —— 3.13(2.46-3.97) 104
Chung SJ et al. 2012 — 1.16 (0.77-1.76) 8.9
Kim JY etal. 2012 —— 2.49(1.78-3.49) 96
Gong EJ et al. 2014 —_— 2.93(1.88-4.59) 8.6
Eom SY et al. 2016 —— 1.43(1.12-1.81) 10.4
Baek SM et al. 2020 e 2.06 (1.12-4.50) 6.8

05 1 2 5
12=84.2%, p < 0.001

Study OR(95% Cl)  Weight (%)

Non-cardia GC 2.17 (1.04-4.55) 100
Shin A et al. 2005 —— 1.07 (0.77-1.49) 33.8
Cho SJ etal. 2010 — 3.17 (2.48-4.04) 34.8
Kim JY et al. 2012 —_— 3.06 (1.90-4.93) 31.4

05 1 2 5
12=93.0%, p < 0.001

Study OR(95% Cl)  Weight (%)

Cardia GC 1.97 (1.02-3.77) 100
Kim HY et al. 1997 1.43(0.27-7.52) 11.6
Shin A et al. 2005 —_— 0.88 (0.38-2.28) 25.0
Cho SJ etal. 2010 —— 2.98(2.16-4.02) 427
Kim JY etal. 2012 +————  2.62(0.90-7.65) 20.8

05 1 2 5

[2=56.2%, p=0.077

Fig. 2. Summary effect size of Helicobacter pylori infection on overall, non-cardia, and cardia gastric cancer (GC) among Koreans: a meta-
analysis [13-23]. CL, confidence interval; OR, odds ratio.

was 1.72 (1.55-1.92) (I’=87.2%, p < 0.001) that was higher than
the OR of 1.69 using 11 studies. Along with the higher OR,
the level of PAFs were also higher showing narrow CIs (S2
Table).

Discussion

In this study, we report that H. pylori infections account
for approximately 35% of overall gastric cancer cases and
more than 45% of non-cardia gastric cancer cases in the
Korean population. Using studies conducted in Korea, the
risk estimate for gastric cancer was pooled and used to
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Both sexes
Overall GC Non-cardia GC
19907 - ———i 19907 4 + *
1998 ——i 1998 4 <
S 2005 - —— S 20054 *
> >
2011 —— 20114 .
2016 - —— 2016 4+ <&
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
PAF (%) PAF (%)
Male
Overall GC Non-cardia GC
1990° - — 19907 + o
1998 4 —— 1998 4 ¢ o
S 2005- — S 20054+ o
> >
2011 4 —e— 20114+ ®
20164 ——e— 2016 45 .
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
PAF (%) PAF (%)
Female
Overall GC Non-cardia GC
1990° - — 19907 ¢ =
1998 —a— 1998 4 ¢ o
S 2005 @ —a— S 20054 -
> >
2011 4 —a— 20114+ o
20164 — = 20164 =
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
PAF (%) PAF (%)
Prevalence estimates Overall GC Non-cardia GC
of H. pylori by year PAF (%), both  PAF (%), male  PAF (%), famale PAF (%), both  PAF (%), male PAF (%), famale
19909 339(177-475) 345(18.1-482) 332(17.3-467)  465(29-725) 47.2(30-73.1) 457 (2.8-71.9)
1998 316(162-449) 324(168-458) 307(157-439)  439(26-704) 448(27-71.1)  42.9(2.5-695)
2005 288(145-417) 296(15.0-427) 27.8(13.9405)  407(23-675) 416(2.4-684) 395 (2.2-66.5)
2011 273(136-399) 283(142-411) 26.1(12.9384)  389(21-659)  40.1(2.2-67.0) 37.5(2.0-645)
2016 232(113-349) 245(12.0-365) 218(10.5330)  339(17-609) 355(1.8626) 32.1(1.6-58.9)

Fig. 3. Population attributable fraction (PAF, %) for gastric cancer (GC) due to Helicobacter pylori infection in Koreans. YEstimates extrapo-
lated backward using the reported H. pylori prevalences in 1998, 2005, 2011, and 2016.
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obtain PAF estimates using the exposure prevalence of H. py-
lori at different time points. For both sexes, the PAF due to
H. pylori decreased as the prevalence of H. pylori decreased
over time. Our results indicate that H. pylori is more strongly
associated with non-cardia and early gastric cancer than with
overall gastric cancer; higher PAF point estimates of 46.5%
and 49.3% for non-cardia and early gastric cancer, respec-
tively, were obtained in both sexes (S3 Table). The estimated
level of PAF for early gastric cancer may reflect the Korean
situation where the number of patients diagnosed with
early gastric cancer has increased due to the increase in can-
cer screening by gastrointestinal endoscopy [25]. A further
study after collecting more studies that focus on early gastric
cancer among Koreans is required to attain the supportive
results overcome the issue of limited number of studies and
heterogeneity.

The PAF estimates of H. pylori infection can help determine
whether gastric cancer may be prevented if H. pylori were
eliminated. In this meta-analysis, the RR for disease (gastric
cancer) and exposure prevalence of the risk factor of inter-
est (H. pylori) were combined to estimate the total impact on
the population. As cancer is a rare disease to occur in public,
the RR may be substituted for the pooled OR obtained from
a meta-analysis of related observational studies. The preva-
lence of certain risk factors plays a more important role in
the estimation of Levin’s PAF than the RR of a disease. In this
study, we decided to apply the pooled risk estimate using
observational studies conducted in Korea due to a lack of
prospective studies following H. pylori-infected patients pri-
or to the occurrence of gastric cancer. Using the same strat-
egies as in a previous study conducted a decade ago [26],
we attempted to select recent eligible studies published until
2019. Although a larger number and wider range of studies
were used in our analysis than in the study from 2010 [26],
the pooled risk and PAF estimates were similar (OR, 1.69;
PAF, approximately 35%).

In Asia countries, the estimated PAF of H. pylori regard-
ing gastric cancer mortality is known to be higher than that
in Europe or America because of the high prevalence of
H. pylori infection in Asia [27]. The previously mentioned
study [26] reported a PAF of 78%-80% for non-cardia gastric
cancer using a RR of 5.9 adopted from a pooled analysis of
cohort studies from the Helicobacter and Cancer Collabora-
tive Group [28], while in our study, we reported a PAF of
approximately 45% for non-cardia gastric cancer using a
pooled OR of 2.17. Compared to neighboring countries of
China or Japan, a PAF for non-cardia gastric cancer among
Koreans was in the middle of those for Chinese and Japanese
reporting approximately 37% and 65%, respectively [29,30].
Especially for gastric cancer mortality in Asian men, the esti-
mated PAF due to H. pylori were 82%, 76%, and 63% in Japan,

750 CANCER RESEARCH AND TREATMENT

Korea, and China, respectively [27]. Due to socioeconomic
improvement as well as antibiotic treatment in all three
Asian countries mentioned, prevalence of H. pylori infection
has declined along with H. pylori eradication and it showed
a potential that leads to lessen the burden of chronic dis-
ease related to H. pylori [27,29,30]. If the PAF of the previous
study had been properly interpreted and represented the real
situation in Korea, it would have resulted in more eminent
declines in the incidence of gastric cancer as the prevalence
of H. pylori infections in Koreans has decreased. According
to several studies, the decline in the prevalence of H. pylori
infections has resulted in a decrease in the incidence of gas-
tric cancer [1]. Furthermore, the beneficial effect of H. pylori
eradication has been demonstrated in many studies report-
ing significantly lower risk of non-cardia gastric cancer in the
absence of H. pylori [31,32]. As H. pylori treatment has been
recommended to prevent gastric cancer in various long-term
Korean studies, its effectiveness has already been confirmed
[33-35]. However, the incidence of gastric cancer in Korea
has not declined dramatically despite a downward trend in
the prevalence of H. pylori infections has been observed in
Korea. These findings highlight that underlying risk factors
for gastric cancer, in addition to H. pylori infection, may exist
in the Korean population. Hence, there is a need to interpret
the PAF estimates in this study in light of other potential risk
factors that are distinctive for Koreans.

In addition to H. pylori infections, host factors, environ-
mental co-factors, and interaction between those factors may
contribute to gastric cancer progression [36]. Potential risk
factors specific to the Korean population may further explain
the low PAF of gastric cancer due to H. pylori infections. First,
dietary habits in Korea that originate from the past may
increase the baseline risk for gastric cancer among Koreans.
As refrigerators did not exist in the past, traditional methods
of preserving foods, such as salting and seasoning, were used
for several generations in Korea. Furthermore, a preference
for salty and spicy foods, such as foods preserved or pick-
led by salting, seasoned vegetables, and kimchi, is common
among Koreans who consume rice as a staple food. Moreo-
ver, diverse sauces fermented using salt (e.g., condiments
or seasonings including soy sauce, bean paste, red pepper
paste) are commonly used in Korean recipes to enhance a
pungent taste. These dietary habits are associated with the
formation of N-nitrosamines which may be carcinogenic
[37]. The positive association between routine salt intake and
gastric cancer has been reported in different studies [38,39].
In addition to consuming foods preserved by salting, there is
strong evidence that alcohol consumption increases the risk
for gastric cancer [3]. Moreover, alcohol consumption is asso-
ciated with other factors, such as smoking, dietary behaviors,
education level, and occupation [40], that may affect the risk
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for gastric cancer. In a previous meta-analysis of prospective
cohorts from China, Japan, and Korea, smoking was associ-
ated with a 33% increased risk for non-cardia gastric cancer
[41]. In the same study, the multiplex serology of H. pylori
as a potential effect modifier was also examined: a positive
interaction was found only among patients with a specific
seromarker (HP0305/HP1564) which increased the risk of
gastric cancer in current smokers [41]. Among environmen-
tal exposures etiologically associated with gastric cancer, the
effect of several potential risk factors on cancer progression
may vary by sex. In this study, the estimated PAF was similar
for both sexes after considering of lifestyle behaviors, such
as smoking or alcohol drinking. Since most studies used
in the analysis did not use specific categorization of each
potential risk factor, we could not demonstrate a clear differ-
ence between sexes in the impact of H. pylori infections on
the risk of gastric cancer. The finding that the range of Cls
gets narrower as adjusting for other risk factors, may imply
the potential focusing on H. pylori infection solely (52 Table).
However, we did not report this result in depth in this study
because the status of smoking and alcohol drinking were not
identically adjusted in all nine studies.

The limitation of our study is that the population selected
from each literature used in the meta-analysis is not per-
fectly generalize the total population of Korea. The study
population included in the analysis was not intention-
ally selected for prospectively observing H. pylori infection
patients; therefore, heterogeneity (I* >50%) may be observed
between studies. Especially for non-cardia gastric cancer, our
result of forest plot showed a high heterogeneity (I>=93.0%)
that implies the characteristics of each study population from
three different studies were too different to be in same clas-
sification of non-cardia cases. It leads to another limitation of
lack of homogeneity of study population along with repre-
sentativeness of a Korean population. As only hospital-based
case-control studies were available in Korea, such study
designs may reduce the representativeness of the study sam-
ple in contrast to population-based studies. Therefore, in the
absence of national prospective studies regarding the issue of
H. pylori infection, we attempted to estimate and evaluate the
PAF of H. pylori to the best of our ability using Korean stud-

ies only, in which the health conditions at baseline related
to H. pylori infections could not be controlled sufficiently.
Therefore, our PAF estimates were lower compared to PAF
estimates obtained in other analyses that used RR from pro-
spective studies following H. pylori infected patients.

In conclusion, our results indicate that fraction of gastric
cancer attributable to H. pylori infections is relatively low in
Korea where the incidence of gastric cancer is high. The low
PAF estimates for H. pylori infections may imply that addi-
tional underlying risk factors for gastric cancer may exist in
the Korean population. Our findings help to better under-
stand the impact of H. pylori infections on the risk of develop-
ing gastric cancer in Korea where H. pylori infection is highly
endemic. Moreover, our results emphasize the need to exam-
ine the impact of additional risk factors among Koreans in
order to reduce the burden of gastric cancer in Korea. Further
studies are needed to understand the sex-based differences
in the potential contribution of H. pylori infections to gastric
cancer.
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