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Abstract: Background: Treatment of Helicobacter pylori (HP) has been shown to reduce the risk of
gastric cancer (GC) development. However, previous studies have focused on patients at high risk
of GC. This study aimed to assess the effect of HP treatment on the incidence of GC in the general
population. Materials and Methods: Medical records were obtained from the Common Data Model-
converted sample Cohort of the National Health Insurance Service of Korea (NHIS-CDM). The target
cohort included those who had been prescribed HP treatment and the comparator cohort included
those who had not. The association between HP treatment and the risk of GC development was
assessed using the Cox proportional hazard model. The incidences of GC according to the period after
HP treatment in different age groups were analyzed using proportional trend tests. Results: After
large-scale 1:4 propensity score matching, 2735 and 5328 individuals were included in the target and
comparator cohorts, respectively. During the median follow-up of 6.5 years, the GC incidence was
lower in the HP treatment cohort than in the comparator cohort, but this was statistically insignificant
(hazard ratio [HR]: 0.76; 95% confidence interval [CI]: 0.50–1.13; p-value = 0.19). This trend was also
observed among the older age (≥65 years, HR: 0.87; 95% CI: 0.44–1.68; p-value = 0.69) and male
cohorts (HR: 0.82; 95% CI: 0.51–1.27; p-value = 0.38). Among 58,684 individuals who were treated for
HP from the whole NHIS-CDM cohort, the incidence of GC consistently decreased over time and
showed a marked decrease with increasing age (p for trend < 0.05). Conclusions: In all age groups of
the general population, HP treatment could be recommended to reduce the risk of GC.

Keywords: Helicobacter pylori; gastric cancer; general population; common data model

1. Introduction

Gastric cancer (GC) is the fifth most frequently occurring cancer and the fourth leading
cause of cancer-related deaths. There were an estimated >1 million new cases of GC
and 769,000 associated deaths worldwide in 2020, according to the GLOBOCAN project
of the International Agency for Research on Cancer (IARC) [1]. Helicobacter pylori (HP),
which has various virulence factors, induces local and systemic immune responses and is
associated with various digestive and extra-digestive diseases [2,3]. Chronic inflammation
of gastric mucosa induced by HP was revealed as an important risk factor for gastric
carcinogenesis [4], and the IARC classified HP as a type I carcinogen of GC in 1994 [5]. With

Antibiotics 2022, 11, 1052. https://doi.org/10.3390/antibiotics11081052 https://www.mdpi.com/journal/antibiotics

https://doi.org/10.3390/antibiotics11081052
https://doi.org/10.3390/antibiotics11081052
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/antibiotics
https://www.mdpi.com
https://orcid.org/0000-0002-4708-5609
https://orcid.org/0000-0003-4417-0135
https://orcid.org/0000-0003-3824-3481
https://orcid.org/0000-0002-9851-5576
https://doi.org/10.3390/antibiotics11081052
https://www.mdpi.com/journal/antibiotics
https://www.mdpi.com/article/10.3390/antibiotics11081052?type=check_update&version=2


Antibiotics 2022, 11, 1052 2 of 12

810,000 attributable cases of cancer in 2018, HP was the most important infectious cause of
cancer worldwide [6]. Approximately 50% of the global population is infected with HP,
and the prevalence of HP and GC is especially high in East Asia, including Korea, Japan,
and China [1,7].

Eradication of HP can prevent gastric carcinogenesis through the healing of mucosal
inflammation and the cessation of subsequent genetic damage to gastric epithelial cells [8].
Several studies have reported that HP treatment reduced the incidence of GC, but these
studies mainly included patients with early GC or pre-neoplastic lesions, or patients who
received endoscopic treatment for these lesions [9–11]. Studies on asymptomatic and
healthy HP-infected patients were also limited to relatively young patients under the
age of 65 or patients with a family history of GC [12–15], so it is difficult to say that the
studies targeted the general population. In several systematic reviews and meta-analyses,
it was reported that HP treatment lowered the incidence of GC and mortality associated
with GC. However, these studies still have limitations in that they mainly targeted the
aforementioned high-risk populations of GC [16–19].

A big-data study based on the Hong-Kong territory-wide healthcare database for the
effect of HP treatment on the incidence of GC was reported in 2018. In this study, HP
treatment reduced the incidence of GC in individuals aged >60 years, although the control
group was not HP-infected and non-treated individuals [20]. Kumar et al. [21] reported that
confirmed HP eradication was associated with a lower risk of GC development in a large
cohort of veterans using data from the Health Administration Corporate Data Warehouse
in the United States. However, these results may be inaccurate because of the unmeasured
confounders associated with GC and immortal-time, indication, and/or protopathic biases,
owing to the retrospective study design without well-matched controls.

Recently, the incidence of GC worldwide showed a decreasing trend, but in younger
people under 50 years of age showed an increasing trend [22]. In Korea, this tendency
was also seen even in 30 to 39-year-old adults who are not subject to the national cancer
screening program [23]. In addition, many previous studies have reported the effect of the
HP treatment on the GC prevention, mainly in participants under the age of 65. Thus, the
evidence of this effect in older age is relatively insufficient.

Therefore, we assessed the effect of HP treatment on the risk of GC in the general
population. We conducted a well-designed cohort study that included a negative control,
a new-user model, large-scale propensity score matching, stratification, and sensitivity
analyses based on a validated nationwide dataset.

2. Methods
2.1. Data Source

In 2002, the National Health Insurance Service of Korea (NHIS) set up a representative
stratified cohort of the Korean population for research purposes. This National Sample
Cohort (NSC) randomly sampled 1,025,340 participants, which was 2.2% of the total eligible
Korean population. The database included data on individual demographic profiles, health
insurance claims, death registry, disability registry, and national health check-ups in 2002,
with a follow-up period of 11 years [24]. In 2017, the NHIS-NSC data were converted into
the Observational Medical Outcomes Partnership Common Data Model (OMOP-CDM) [25].
This CDM-converted version of NHIS-NSC (NHIS-CDM) allowed distributed network
research and has been validated in international and national studies [26–28].

2.2. Study Design

We designed a retrospective cohort study using ATLAS, a free, public, web-based
tool provided by the Observational Health Data Science and Informatics (OHDSI). The
OHDSI is a global open-science collaborative for large-scale observational research using
the OMOP-CDM [29]. First, we adopted a new-user model to minimize immortal time bias
by at least a 1-year observatory period before entering the study. The date of prescription of
antibiotics to treat HP was considered the index date. Second, new-onset GC was defined
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as diagnosis at least 365 days (lag period) after the index date. Third, we adjusted various
risk factors for GC by extensive propensity score matching to minimize confounding bias.

The protocol of the current study was approved by the Institutional Review Board of
Kangdong Sacred Heart Hospital (IRB number: 2018-05-013). The requirement for informed
consent was waived because of the retrospective study design.

2.3. Study Populations and Cohort Definitions

The target and comparator cohorts were obtained from the NHIS-CDM based on HP
treatment prescription. The included individuals were: (1) ≥40 years of age, (2) who had
>1 year of observation period before the index date, and (3) who had undergone upper en-
doscopy within a year before the index date. The target cohort consisted of those who were
prescribed the medications simultaneously for HP treatment on the same day. We included
the HP treatment regimens of clarithromycin or metronidazole-based triple (clarithromycin
or metronidazole, amoxicillin, and proton pump inhibitor) or bismuth-based quadruple
therapy (bismuth, metronidazole, tetracycline, and proton pump inhibitor), for 7–14 days.
Based on the consensus of the Korean HP study group reported in 1998 [30], metronidazole-
based triple therapy was prescribed as a first-line treatment until the regimen was excluded
from a new guideline in 2009 [31]. The comparator cohort comprised individuals who were
not prescribed any drug included in the HP treatments concomitantly. The list of concept
identifications that were used to find target drugs is provided in Table S1.

The exclusion criteria for both cohorts were: (1) Diagnosis of GC at <1 year of cohort
entry or (2) undergoing gastrectomy before cohort entry for any reason. Individuals in both
cohorts were censored at the diagnosis of GC or at the end of the observation period.

2.4. Outcomes

The primary outcome was the comparison of GC risk between the target and com-
parator cohort. The diagnosis of GC was identified using the International Classification of
Diseases (ICD)-10 codes of C16.0–C16.9, and D002 (carcinoma in situ of stomach). Assess-
ment of the incidence of GC using only the ICD-10 codes is accurate as malignant diseases
are enforced by law to be registered in the national cancer registration program in Korea.
The overview of study design and cohort construction is shown in Figure S1.

The secondary outcome was to compare the incidence rate of GC by the presence/
absence of HP treatment in the older age (≥65 years old) and male groups. Both these
groups are considered to be at high risk of GC.

Additionally, we investigated the incidence of GC according to the elapsed period
after HP treatment in another cohort made up of all those who were treated for HP
from NHIS-CDM.

2.5. Statistical Analysis

The covariates used for extensive propensity score matching between the target and
comparator cohorts were age, sex, index year, all recorded comorbidities, prescribed drugs
in the 365 days before the index date, smoking history, alcohol consumption, body weight,
family history, and Charlson comorbidity index. Regularized logistic regression models
for large-scale propensity score matching were provided by the OHDSI. Propensity score
matching was done in a 1:4 ratio and a caliper of 0.2 on the logit scale. The propensity
score was estimated using logistic regression models with the L1 penalty hyper-parameter
selected through 10-fold cross-validation using high-performance computing [32].

Hazard ratios (HRs) with 95% confidence intervals (CIs) for GC risk between the target
and comparator cohorts were calculated by Cox proportional hazard models using the
CohortMethod package in R. The cumulative incidence rate of GC was assessed by the
Kaplan–Meier method. The incidence rates per 1000 person-years were also calculated.
The incidences of GC after HP treatment by age group were compared using a proportional
trend test. Two-sided p-values <0.05 were considered statistically significant in all com-
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parisons. All analyses were performed using ATLAS ver. 2.7.2 and R statistical software
(version 3.6.1 for Windows; R Foundation for Statistical Computing, Vienna, Austria).

2.6. Sensitivity and Negative Control Analyses

To confirm the reproducibility of our results, we conducted a sensitivity analysis based
on various sets of propensity score matching in target-comparator ratios (1:4 and 1:1),
lag periods (1 and 2 years), and propensity score stratification. We performed empirical
calibration of the p-values by fitting an empirical null distribution to point estimates of
the negative control outcomes, which were assumed to not be associated with the target
or comparator cohorts [33]. In these negative control outcomes, we assumed that the true
relative risk between the target and comparator cohorts was 1. Ninety selected negative
control outcomes are listed in Table S2.

3. Results
3.1. Study Flow and Baseline Characteristics

Initially, a total of 53,443 individuals were included in this study from the 1,025,340
people registered in the NHIS-NSC. Next, 21,801 and 31,642 individuals were assigned to
the target and comparator cohorts, respectively. Finally, 2735 and 5328 individuals were
enrolled in the target and comparator cohorts, respectively, after the exclusion of those who
were included in both cohorts, who did not meet the inclusion criteria, and who were not
matched in the propensity score matching model (Figure 1).
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Figure 1. Flow chart of subject enrollment in both Helicobacter pylori treatment and non-Helicobacter
pylori treatment cohorts.

In propensity score matching, a total of 10,899 covariates were included and the maxi-
mum standardized mean difference after propensity score matching was 0.07 (Figure S2).
We used funnel plots to estimate systematic errors and as the plots were symmetrical, most
negative control outcomes did not differ significantly between the target and comparator
cohorts (Figure S3).

The baseline characteristics of enrolled individuals in the target and comparator
cohorts are shown in Table 1. Among all the covariates, we reported covariates that
accounted for >5% of all participants after propensity score matching. The most common
medical conditions were acute respiratory disease, hypertensive disorder, and visual system
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disorder. The most commonly prescribed medications before cohort entry were drugs for
acid-related disorders, psycholeptics, and anti-inflammatory and anti-rheumatic products.

Table 1. Baseline characteristics of the Helicobacter pylori treatment and comparator groups in the
general population *.

Characteristic, %
Before PS Adjustment After PS Adjustment

HP Treatment
(n = 21,801)

Non-Treatment
(n = 31,642) SMD HP Treatment

(n = 2735)
Non-Treatment

(n = 5328) SMD

Age group (years)
40–44 17.9 40.6 0.52 39.2 40.2 0.02
45–49 19.8 13.4 0.17 17.6 17.7 0
50–54 18.4 10.7 0.22 13.4 13.6 0.01
55–59 14.6 9.8 0.15 10.7 10.3 0.01
60–64 11.4 10.1 0.04 8.0 8.2 0
65–69 9.2 7.7 0.05 6.3 6.0 0.01
70–74 5.3 4.5 0.04 2.8 2.5 0.02
75–79 2.5 2.0 0.03 1.1 1.0 0.02
80–84 0.8 0.8 0 0.6 0.4 0.03
85–89 0.2 0.2 0.01 <0.2 0.1 0

Sex: Female 44.0 57.0 0.26 42.6 42.4 0
Smoking 8.4 5.3 0.12 7.6 7.6 0

Alcohol consumption 32.3 27.6 0.10 27.6 27.1 0.01
Medical history

Acute respiratory disease 60.6 62.1 0.03 47.5 47.6 0
Chronic liver disease 11.9 15.2 0.1 13.8 14.3 0.01
Depressive disorder 7.7 7.9 0.01 5.5 5.4 0

Diabetes mellitus 16.7 13.1 0.1 10.0 10.4 0.01
Gastroesophageal reflux disease 19.1 16.1 0.08 14.7 15.4 0.02

Gastrointestinal hemorrhage 13.6 8.0 0.18 10.7 10.6 0
Hyperlipidemia 30.2 17.9 0.29 18.1 19.2 0.03

Hypertensive disorder 29.0 19.6 0.22 14.3 14.5 0
Osteoarthritis 12.6 10.0 0.08 6.0 6.3 0.01

Visual system disorder 34.1 29.8 0.09 23.2 22.4 0.02
Heart disease 17.3 16.2 0.03 12.2 13.2 0.03

Ischemic heart disease 9.7 7.9 0.06 5.9 6.4 0.02
Peripheral vascular disease 10.4 5.1 0.2 4.1 4.0 0

Malignant neoplastic disease 5.6 5.6 0 3.6 3.8 0.01
Medication use

Agents acting on the renin-angiotensin
system 14.4 7.4 0.23 5.2 5.6 0.02

Antibacterials for systemic use 63.2 65.5 0.05 51.9 50.5 0.03
Antidepressants 10.8 10.9 0 6.7 6.5 0.01

Antiepileptics 5.2 3.3 0.1 2.3 2.4 0
Anti-inflammatory and antirheumatic

products 58.5 56.4 0.04 43.6 43.3 0.01

Antithrombotic agents 49.7 40.1 0.19 32.1 31.6 0.01
Aspirin 14.7 8.2 0.21 6.1 6.3 −0.01

Beta blocking agents 12.2 10.4 0.06 6.9 7.2 0.01
Calcium channel blockers 18.1 11.3 0.19 7.6 9.0 0.05

Diuretics 16.3 10.6 0.17 6.9 7.3 0.02
Drugs for acid-related disorders 78.7 83.3 0.12 75.5 75.0 0.01

Drugs for obstructive airway diseases 38.6 37.2 0.03 27.1 26.9 0
Drugs used in diabetes 9.3 5.9 0.13 4.8 4.6 0.01

Metformin 6.5 3.2 0.15 2.7 2.5 0.02
Lipid modifying agent 15.2 6.2 0.3 5.3 6.1 0.03

Simvastatin 5.1 1.4 0.21 1.6 1.7 −0.01
Rosuvastatin 1.1 0.1 0.13 0.3 0.2 0.01
Pravastatin 0.9 0.7 0.03 0.4 0.8 −0.05
Pitavastatin 0.7 0.1 0.10 0.1 0.2 −0.04
Lovastatin 0.9 1.8 −0.08 1.1 1.0 0.01
Fluvastatin 0.5 0.2 0.05 0.3 0.1 0.04

Atorvastatin 6.5 1.6 0.25 1.5 1.7 −0.01
Opioids 47.5 41.8 0.11 31.4 31.9 0.01

Psycholeptics 69.6 72.1 0.06 62.5 62.4 0
Charlson index—Romano adaptation 2.3 2.0 0.03 1.3 1.1 0.02

* The applicated raw database was the National Health Insurance Service-Common Data Model (NHIS-CDM).
Values are presented as the proportion of the patients (%). Abbreviation: PS, propensity matching; HP, Helicobacter
pylori; SMD, standard mean difference.
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3.2. Effect of HP Treatment on GC Risk in the General Population

The median observation period was 6.6 years in the HP treatment and 6.7 years in
the non-HP treatment cohort. The median intervals from cohort entry to GC diagnosis
were 5.4 and 5.1 years, respectively. The Kaplan–Meier curves for cumulative incidences of
GC in the target and comparator cohort are presented in Figure 2. During the observation
period, 42 and 104 cases of GC had been diagnosed in the target and comparator cohorts,
respectively (HP treatment vs. non-HP treatment, 42/17,938 person-years vs. 104/35,564
person-years). Although it was not statistically significant, the HP treatment cohort had
a lower risk of GC than did the non-HP treatment cohort (HR: 0.76, 95% CI: 0.50–1.13,
p-value = 0.19) (Figure 2a). We performed sensitivity analyses with different ratios of
propensity score matching, adjusting the lag periods and propensity score stratification.
In these analyses, the GC incidences were consistently lower in the HP treatment than
in the non-HP treatment cohorts (1:4 matching with 2 year lag period, HR: 0.79, 95% CI:
0.51–1.21; 1:1 matching with 1 year lag period, HR: 0.69, 95% CI: 0.43–1.08; 1:1 matching
with 2 year lag period, HR: 0.82, 95% CI: 0.49–1.36; propensity score stratification with
1 year lag period, HR: 0.78, 95% CI: 0.56–1.06; propensity score stratification with 2 year lag
period, HR: 0.79, 95% CI: 0.56–1.11) (Table S3).

3.3. Effect of HP Treatment on GC Risk in the High-Risk Groups (Age ≥ 65 Years and Male Sex)

In the same setting of large-scale propensity score matching with ratio 1:4 and 1 year
lag period, HP treatment in individuals aged ≥65 years and men showed a decreased risk
of GC development (≥65 years of age, HR: 0.87, 95% CI: 0.44–1.68, p-value = 0.69; male sex,
HR 0.82, 95% CI: 0.51–1.27, p-value = 0.38) (Table 2). In addition, in the setting of different
matching ratios and extended lag periods, HP treatment in individuals aged ≥65 years
and men showed a trend of decreased risk of GC incidence (Table S4). The cumulative
incidence of GC in each high-risk group is shown in Figure 2b,c.

Table 2. The effect of Helicobacter pylori treatment on gastric cancer incidence in the general and
high-risk populations (individuals aged ≥65years and men).

Cohorts Number of
Subjects

Observation,
Person-Years

Incidence Rate of
Gastric Cancer a HR (95% CI) p-Value

Helicobacter pylori treatment in the general population

Non-HP treatment 5328 35,654 2.92 Ref
HP treatment 2735 17,938 2.34 0.76 (0.50–1.13) 0.19

Helicobacter pylori treatment in individuals aged ≥65 years

Non-HP treatment 1160 6237 7.37 Ref
HP treatment 559 2940 5.44 0.87 (0.44–1.68) 0.69

Helicobacter pylori treatment in men

Non-HP treatment 3002 19,814 3.84 Ref
HP treatment 1652 10,713 3.45 0.82 (0.51–1.27) 0.38

a Incidence rate expressed per 1000 person-years. Abbreviations: HP, Helicobacter pylori; HR, hazard ratio; CI,
confidence interval; Ref, reference.
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3.4. Incidence of GC According to the Period after HP Treatment by Age Group

Using the data of NHIS-NSC, we analyzed the incidence of GC among individuals
who were treated for HP according to the period after HP treatment and age. Among the HP
treatment recipients, we created five groups (18–40, 41–50, 51–60, 61–70, and 71–80 years
of age), and the incidence of GC was reported every 3 years from 1–10 years after HP
treatment. A total of 58,684 persons received HP treatment, and 385 cases of GC were
diagnosed 1–10 years after HP treatment.
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The incidences of GC by time after HP treatment across age groups are listed in Table 3.
The graphs representing these results are depicted in Figure 3. We consistently found that
the incidence of GC decreased with an increasing time period after HP treatment and there
was a more marked reduction of GC with increasing age.

Table 3. The incidence of gastric cancer according to the period after Helicobacter pylori treatment in
different age groups.

Age Group
(Years)

Years after HP
Treatment 2–4 Years 5–7 Years 8–10 Years p for Trend

18–40 0.12% (17/14,775) 0.09% (13/14,758) 0.04% (6/14,745) 0.025
41–50 0.23% (41/17,573) 0.15% (27/17,532) 0.09% (15/17,505) <0.001
51–60 0.44% (68/15,441) 0.23% (36/15,373) 0.08% (13/15,337) <0.001
61–70 0.74% (62/8385) 0.36% (30/8323) 0.18% (15/8293) <0.001
71–80 1.08% (27/2510) 0.56% (14/2483) 0.04% (1/2469) <0.001

p for trend <0.001 <0.001 0.018
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4. Discussion

This study was a nationwide population-based cohort that used large-scale propensity
score matching models to estimate the effect of HP treatment on the risk of GC development
in the general population of Korea.

Although the incidence and cancer-related mortality of GC have declined significantly
in the past five decades, GC is still one of the most commonly diagnosed cancer and
has high cancer-related death worldwide [34]. This decreasing trend is thought to have
been contributed by proper screening tests, which are currently being implemented or
being developed [35], as well as risk factor modification such as refrigeration of food,
improved hygiene, and HP eradication. It has been reported that the Korean National
Cancer Screening Program not only reduced the incidence of GC, but also improved the
long-term survival rate of GC patients [36]. Recently, long-term use of specific medications
or persistent obesity have shown the association with the risk of GC, however, one of the
most important modifiable risk factors is HP [28,37,38]. The association of HP and GC was
further supported by a study that showed the prevalence of HP infection has declined,
which correlates with the declining trends of age-standardized incidence and mortality of
GC from 1990 to 2020 in Taiwan [39].

As Korea is one of the countries with the highest prevalence of HP infection and
GC, it is crucial to assess the effect of HP treatment on the risk of GC. Therefore, several
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studies have been conducted in Korea to try and address this. The conclusions were that
HP treatment reduced the incidence of metachronous GC among those who were treated
with endoscopic resection in early-stage GC [9,10] and newly developed GC among the
asymptomatic healthy participants with a family history of GC [15]. However, since the
personal and familial histories of GC are strong risk factors for GC, it is unclear whether
the individuals studied were representative of the general population.

In this study, only a decreasing trend, although statistically insignificant, was observed
in the incidence of GC among individuals who had received HP treatment, compared to
those who had not (HR: 0.76, 95% CI: 0.50–1.13, p-value = 0.19). This effect of HP treatment
on GC risk reduction was also seen in the high-risk groups of older age (≥65 years) and
male sex. This could be partly explained by the proportion of individuals who were HP
negative in the comparator cohort or those for whom HP eradication failed in the treatment
cohort. Interestingly, the incidence of GC decreased with time after HP treatment and this
reduction was greater with increasing age. Considering this delayed and profound effect
with older age on reducing GC development, HP eradication should be recommended
regardless of age.

A cohort study based on a large healthcare database was published in 2018, which
analyzed the association between HP treatment and GC incidence in Hong Kong [20]. The
incidence of GC was lower in the age and sex-matched local population than expected
(p = 0.06). The incidence of GC was lower in individuals aged ≥60 years (standardized
incidence ratio: 0.82, 95% CI 0.69–0.97) and in cases wherein ≥10 years had elapsed
following HP treatment, in agreement with our results. In addition, there was a big-data
study involving 370,000 veterans from the Health Administration of the United States,
which showed decreased GC incidence among individuals with confirmed HP eradication.
Despite the large sample size, 92.3% of the included patients were male and the mean age
was 62 years [21]. In Korea, previous large-scale cohort studies found that HP treatment
reduced long-term mortality but not the incidence of GC in patients with diabetes and
hypertension [40,41].

The study has several strengths. First, we investigated the general population included
in the Korean nationwide population-based data, which was converted into OMOP-CDM,
was used. Several previous randomized controlled trials, cohort studies, systemic reviews,
and meta-analyses included high-risk populations only, including individuals who had
undergone endoscopic resection of GC. Hence, their findings were not applicable to the
general population. Second, to reduce the effect of confounding factors, a large-scale
propensity score matching was performed using 10,899 covariates. Since our database was
converted into the OMOP-CDM, all medications, diagnoses, and disease severity (Charlson
Comorbidity Index) were included as covariates. Recently, nationwide population-based
studies on the relation between drug exposure and GC incidence were published in Korea.
As GC was found to be associated with the use of proton-pump inhibitors, aspirin, met-
formin, and statins [28,37], we matched all of these compounds. Through the large-scale
propensity score matching, some inevitable loss of cases occurred, and the statistical power
was lowered. However, the treatment and comparator cohorts remained comparable. Third,
we performed multiple sensitivity analyses using different matching ratios and lag periods.
The analyses showed the robustness of our results. Fourth, the study was conducted in
Korea, one of the countries with the highest prevalence of GC and HP in the world. Hence,
this study showed the impact of HP treatment on GC in a high-risk region.

The study also had some limitations. First, HP eradication results could not be identi-
fied in the NHIS-NSC database. The intention-to-treat eradication rates of clarithromycin-
based triple therapy without clarithromycin resistance test in Korea were 71.6% and 78.1%
at 7 and 14 days, respectively, and that of bismuth-based quadruple therapy was 84.5% [42].
Thus, the overall eradication failure rates after the first, second, and/or third therapy
were expected to be <5%, but the eradication results could not be estimated directly. In
addition, early treatment of HP results in better prognoses in both benign and malignant
lesions [43,44], and most patients who had confirmed HP infection might have been treated
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promptly. Therefore, we enrolled individuals who had undergone upper endoscopy within
a year before HP treatment. Second, we could not identify the result of HP infection,
such as rapid urease test or biopsy results, therefore, those who have HP infection but are
not treated, might be included in the comparator group. Third, underlying endoscopic
conditions, such as atrophy or metaplasia, or GC stage were not evaluated in this study.
Thus, the risk factors of GC were not fully identified. Fourth, the residual biases may
remain as this was an observational study. However, our results are reliable because we
made every effort to reduce biases through the use of: (1) a new-user model for control
immortal time bias, (2) lag periods for protopathic bias, (3) additional negative control,
large scale propensity score matching, stratification, and sensitivity analyses for reducing
various confounders based on the nationwide and validated big data.

5. Conclusions

HP treatment in the general population showed a trend in reducing the risk of GC
incidence. The trend was consistent in the high-risk groups of individuals aged >65 years
and men. In addition, HP treatment reduced the risk of GC in older individuals and the
effect was greater with time after HP treatment. Therefore, HP treatment could be widely
considered to reduce the risk of GC in the general population across age groups.

Supplementary Materials: The following supporting information can be downloaded at https://www.
mdpi.com/article/10.3390/antibiotics11081052/s1, Figure S1: The overview of cohort construction
and study design, Figure S2: Balance of covariates between target and comparator cohorts before
and after propensity score matching, Figure S3: A plot of traditional and calibrated significance
testing in the analysus. Table S1: Observational Medical Outcomes Partnership Common Data Model
drug codes included in the study, Table S2: List of negative control outcomes, Table S3: Sensitivity
analyses of Helicobacter pylori treatment and non-treatment cohorts in the general population, Table S4:
Sensitivity analyses for individuals from the Helicobacter pylori treatment and non-treatment cohorts,
aged ≥65 years and men.

Author Contributions: Conceptualization, S.I.S. and W.G.S.; methodology, T.K., S.I.S., C.H.P. and
T.J.K.; software, K.J.L. and J.K.; validation, S.I.S., C.H.P., T.J.K. and W.G.S.; formal analysis, K.J.L. and
J.K.; investigation, T.K., S.I.S. and K.J.L.; resources, S.I.S. and W.G.S.; data curation, T.K. and K.J.L.;
writing—original draft preparation, T.K.; writing—review and editing, T.K., S.I.S. and W.G.S.; visual-
ization, S.I.S., K.J.L. and J.K.; supervision, S.I.S. and W.G.S.; project administration, W.G.S.; funding
acquisition, W.G.S. All authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by a grant from the Korea Health Technology R&D Project
through the Korea Health Industry Development Institute (KHIDI), funded by the Ministry of Health
& Welfare, Republic of Korea (grant number: HI19C0143).

Institutional Review Board Statement: The study protocol was approved by the institutional review
board of Kangdong Sacred Heart Hospital, Seoul, Korea (IRB number: 2018-05-013).

Informed Consent Statement: Patient consent was waived due to the retrospective study design.

Data Availability Statement: Data are available upon in reasonable request.

Conflicts of Interest: The authors declare that they have no conflict of interest.

References
1. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN

Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
[PubMed]

2. Ranjbar, R.; Behzadi, P.; Farshad, S. Advances in diagnosis and treatment of Helicobacter pylori infection. Acta Microbiol. Immunol.
Hung. 2017, 64, 273–292. [CrossRef] [PubMed]

3. Kim, B.R.; Lee, D.H.; Shim, H.I.; Kim, J.W.; Park, S.; Shin, C.M.; Han, K.; Youn, S.W. Risk of Psoriasis in Postgastrectomy Gastric
Cancer Survivors: A Nationwide Population-Based Cohort Study. Ann. Dermatol. 2022, 34, 191–199. [CrossRef]

4. Correa, P.; Piazuelo, M.B. The gastric precancerous cascade. J. Dig. Dis. 2012, 13, 2–9. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/antibiotics11081052/s1
https://www.mdpi.com/article/10.3390/antibiotics11081052/s1
http://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/33538338
http://doi.org/10.1556/030.64.2017.008
http://www.ncbi.nlm.nih.gov/pubmed/28263101
http://doi.org/10.5021/ad.2022.34.3.191
http://doi.org/10.1111/j.1751-2980.2011.00550.x
http://www.ncbi.nlm.nih.gov/pubmed/22188910


Antibiotics 2022, 11, 1052 11 of 12

5. IARC Working Group on the Evaluation of Carcinogenic Risks to Humans. Tobacco smoke and involuntary smoking. IARC
Monogr. Eval. Carcinog. Risks Hum. 2004, 83, 1–1438.

6. de Martel, C.; Georges, D.; Bray, F.; Ferlay, J.; Clifford, G.M. Global burden of cancer attributable to infections in 2018: A worldwide
incidence analysis. Lancet Glob. Health 2020, 8, e180–e190. [CrossRef]

7. Hooi, J.K.Y.; Lai, W.Y.; Ng, W.K.; Suen, M.M.Y.; Underwood, F.E.; Tanyingoh, D.; Malfertheiner, P.; Graham, D.Y.; Wong, V.W.S.;
Wu, J.C.Y.; et al. Global Prevalence of Helicobacter pylori Infection: Systematic Review and Meta-Analysis. Gastroenterology 2017,
153, 420–429. [CrossRef]

8. Graham, D.Y. Helicobacter pylori update: Gastric cancer, reliable therapy, and possible benefits. Gastroenterology 2015, 148,
719–731.e713. [CrossRef] [PubMed]

9. Choi, J.M.; Kim, S.G.; Choi, J.; Park, J.Y.; Oh, S.; Yang, H.J.; Lim, J.H.; Im, J.P.; Kim, J.S.; Jung, H.C. Effects of Helicobacter
pylori eradication for metachronous gastric cancer prevention: A randomized controlled trial. Gastrointest. Endosc. 2018, 88,
475–485.e472. [CrossRef] [PubMed]

10. Choi, I.J.; Kook, M.C.; Kim, Y.I.; Cho, S.J.; Lee, J.Y.; Kim, C.G.; Park, B.; Nam, B.H. Helicobacter pylori Therapy for the Prevention of
Metachronous Gastric Cancer. N. Engl. J. Med. 2018, 378, 1085–1095. [CrossRef] [PubMed]

11. Fukase, K.; Kato, M.; Kikuchi, S.; Inoue, K.; Uemura, N.; Okamoto, S.; Terao, S.; Amagai, K.; Hayashi, S.; Asaka, M. Effect of
eradication of Helicobacter pylori on incidence of metachronous gastric carcinoma after endoscopic resection of early gastric cancer:
An open-label, randomised controlled trial. Lancet 2008, 372, 392–397. [CrossRef]

12. Wong, B.C.; Zhang, L.; Ma, J.L.; Pan, K.F.; Li, J.Y.; Shen, L.; Liu, W.D.; Feng, G.S.; Zhang, X.D.; Li, J.; et al. Effects of selective
COX-2 inhibitor and Helicobacter pylori eradication on precancerous gastric lesions. Gut 2012, 61, 812–818. [CrossRef] [PubMed]

13. Ma, J.L.; Zhang, L.; Brown, L.M.; Li, J.Y.; Shen, L.; Pan, K.F.; Liu, W.D.; Hu, Y.; Han, Z.X.; Crystal-Mansour, S.; et al. Fifteen-year
effects of Helicobacter pylori, garlic, and vitamin treatments on gastric cancer incidence and mortality. J. Natl. Cancer Inst. 2012, 104,
488–492. [CrossRef] [PubMed]

14. Li, W.Q.; Zhang, J.Y.; Ma, J.L.; Li, Z.X.; Zhang, L.; Zhang, Y.; Guo, Y.; Zhou, T.; Li, J.Y.; Shen, L.; et al. Effects of Helicobacter
pylori treatment and vitamin and garlic supplementation on gastric cancer incidence and mortality: Follow-up of a randomized
intervention trial. BMJ 2019, 366, l5016. [CrossRef]

15. Choi, I.J.; Kim, C.G.; Lee, J.Y.; Kim, Y.I.; Kook, M.C.; Park, B.; Joo, J. Family History of Gastric Cancer and Helicobacter pylori
Treatment. N. Engl. J. Med. 2020, 382, 427–436. [CrossRef] [PubMed]

16. Ford, A.C.; Forman, D.; Hunt, R.H.; Yuan, Y.; Moayyedi, P. Helicobacter pylori eradication therapy to prevent gastric cancer in
healthy asymptomatic infected individuals: Systematic review and meta-analysis of randomised controlled trials. BMJ 2014,
348, g3174. [CrossRef] [PubMed]

17. Lee, Y.C.; Chiang, T.H.; Chou, C.K.; Tu, Y.K.; Liao, W.C.; Wu, M.S.; Graham, D.Y. Association between Helicobacter pylori
Eradication and Gastric Cancer Incidence: A Systematic Review and Meta-analysis. Gastroenterology 2016, 150, 1113–1124.e1115.
[CrossRef] [PubMed]

18. Sugano, K. Effect of Helicobacter pylori eradication on the incidence of gastric cancer: A systematic review and meta-analysis.
Gastric Cancer 2019, 22, 435–445. [CrossRef]

19. Ford, A.C.; Yuan, Y.; Moayyedi, P. Helicobacter pylori eradication therapy to prevent gastric cancer: Systematic review and
meta-analysis. Gut 2020, 69, 2113–2121. [CrossRef]

20. Leung, W.K.; Wong, I.O.L.; Cheung, K.S.; Yeung, K.F.; Chan, E.W.; Wong, A.Y.S.; Chen, L.; Wong, I.C.K.; Graham, D.Y. Effects of
Helicobacter pylori Treatment on Incidence of Gastric Cancer in Older Individuals. Gastroenterology 2018, 155, 67–75. [CrossRef]

21. Kumar, S.; Metz, D.C.; Ellenberg, S.; Kaplan, D.E.; Goldberg, D.S. Risk Factors and Incidence of Gastric Cancer after Detection of
Helicobacter pylori Infection: A Large Cohort Study. Gastroenterology 2020, 158, 527–536.e527. [CrossRef]

22. Arnold, M.; Park, J.Y.; Camargo, M.C.; Lunet, N.; Forman, D.; Soerjomataram, I. Is gastric cancer becoming a rare disease? A
global assessment of predicted incidence trends to 2035. Gut 2020, 69, 823–829. [CrossRef]

23. Eom, B.W.; Jung, K.W.; Won, Y.J.; Yang, H.; Kim, Y.W. Trends in Gastric Cancer Incidence According to the Clinicopathological
Characteristics in Korea, 1999–2014. Cancer Res. Treat. 2018, 50, 1343–1350. [CrossRef]

24. Lee, J.; Lee, J.S.; Park, S.H.; Shin, S.A.; Kim, K. Cohort Profile: The National Health Insurance Service-National Sample Cohort
(NHIS-NSC), South Korea. Int. J. Epidemiol. 2017, 46, e15. [CrossRef]

25. You, S.C.; Lee, S.; Cho, S.Y.; Park, H.; Jung, S.; Cho, J.; Yoon, D.; Park, R.W. Conversion of National Health Insurance Service-
National Sample Cohort (NHIS-NSC) Database into Observational Medical Outcomes Partnership-Common Data Model (OMOP-
CDM). Stud. Health Technol. Inform. 2017, 245, 467–470. [PubMed]

26. Suchard, M.A.; Schuemie, M.J.; Krumholz, H.M.; You, S.C.; Chen, R.; Pratt, N.; Reich, C.G.; Duke, J.; Madigan, D.; Hripcsak, G.;
et al. Comprehensive comparative effectiveness and safety of first-line antihypertensive drug classes: A systematic, multinational,
large-scale analysis. Lancet 2019, 394, 1816–1826. [CrossRef]

27. You, S.C.; Jung, S.; Swerdel, J.N.; Ryan, P.B.; Schuemie, M.J.; Suchard, M.A.; Lee, S.; Cho, J.; Hripcsak, G.; Park, R.W.; et al. Com-
parison of First-Line Dual Combination Treatments in Hypertension: Real-World Evidence from Multinational Heterogeneous
Cohorts. Korean Circ. J. 2020, 50, 52–68. [CrossRef] [PubMed]

28. Seo, S.I.; Park, C.H.; You, S.C.; Kim, J.Y.; Lee, K.J.; Kim, J.; Kim, Y.; Yoo, J.J.; Seo, W.W.; Lee, H.S.; et al. Association between proton
pump inhibitor use and gastric cancer: A population-based cohort study using two different types of nationwide databases in
Korea. Gut 2021, 70, 2066–2075. [CrossRef]

http://doi.org/10.1016/S2214-109X(19)30488-7
http://doi.org/10.1053/j.gastro.2017.04.022
http://doi.org/10.1053/j.gastro.2015.01.040
http://www.ncbi.nlm.nih.gov/pubmed/25655557
http://doi.org/10.1016/j.gie.2018.05.009
http://www.ncbi.nlm.nih.gov/pubmed/29800546
http://doi.org/10.1056/NEJMoa1708423
http://www.ncbi.nlm.nih.gov/pubmed/29562147
http://doi.org/10.1016/S0140-6736(08)61159-9
http://doi.org/10.1136/gutjnl-2011-300154
http://www.ncbi.nlm.nih.gov/pubmed/21917649
http://doi.org/10.1093/jnci/djs003
http://www.ncbi.nlm.nih.gov/pubmed/22271764
http://doi.org/10.1136/bmj.l5016
http://doi.org/10.1056/NEJMoa1909666
http://www.ncbi.nlm.nih.gov/pubmed/31995688
http://doi.org/10.1136/bmj.g3174
http://www.ncbi.nlm.nih.gov/pubmed/24846275
http://doi.org/10.1053/j.gastro.2016.01.028
http://www.ncbi.nlm.nih.gov/pubmed/26836587
http://doi.org/10.1007/s10120-018-0876-0
http://doi.org/10.1136/gutjnl-2020-320839
http://doi.org/10.1053/j.gastro.2018.03.028
http://doi.org/10.1053/j.gastro.2019.10.019
http://doi.org/10.1136/gutjnl-2019-320234
http://doi.org/10.4143/crt.2017.464
http://doi.org/10.1093/ije/dyv319
http://www.ncbi.nlm.nih.gov/pubmed/29295138
http://doi.org/10.1016/S0140-6736(19)32317-7
http://doi.org/10.4070/kcj.2019.0173
http://www.ncbi.nlm.nih.gov/pubmed/31642211
http://doi.org/10.1136/gutjnl-2020-323845


Antibiotics 2022, 11, 1052 12 of 12

29. Hripcsak, G.; Duke, J.D.; Shah, N.H.; Reich, C.G.; Huser, V.; Schuemie, M.J.; Suchard, M.A.; Park, R.W.; Wong, I.C.; Rijnbeek, P.R.;
et al. Observational Health Data Sciences and Informatics (OHDSI): Opportunities for Observational Researchers. Stud. Health
Technol. Inform. 2015, 216, 574–578.

30. Korean, H. pylori Study Group. Diagnosis and Treatment of Helicobacter pylori infection in Korea. Korean J. Gastroenterol. 1998, 32,
275–289.

31. Kim, N.; Kim, J.J.; Choe, Y.H.; Kim, H.S.; Kim, J.I.; Chung, I.-S.; Korean College of Helicobacter and Upper Gastrointestinal
Research; Korean Association of Gastroenterology. Review: Diagnosis and Treatment Guidelines for Helicobacter pylori Infection
in Korea. Korean J. Gastroenterol. 2009, 54, 269–278. [CrossRef]

32. Tian, Y.; Schuemie, M.J.; Suchard, M.A. Evaluating large-scale propensity score performance through real-world and synthetic
data experiments. Int. J. Epidemiol. 2018, 47, 2005–2014. [CrossRef] [PubMed]

33. Lipsitch, M.; Tchetgen Tchetgen, E.; Cohen, T. Negative controls: A tool for detecting confounding and bias in observational
studies. Epidemiology 2010, 21, 383–388. [CrossRef] [PubMed]

34. Ilic, M.; Ilic, I. Epidemiology of stomach cancer. World J. Gastroenterol. 2022, 28, 1187–1203. [CrossRef]
35. Zhou, M.J.; Huang, R.J. Catching Up with the World: Pepsinogen Screening for Gastric Cancer in the United States. Cancer

Epidemiol. Biomark. Prev. 2022, 31, 1257–1258. [CrossRef]
36. Luu, X.Q.; Lee, K.; Jun, J.K.; Suh, M.; Jung, K.W.; Choi, K.S. Effect of gastric cancer screening on long-term survival of gastric

cancer patients: Results of Korean national cancer screening program. J. Gastroenterol. 2022, 57, 464–475. [CrossRef]
37. Seo, S.I.; Park, C.H.; Kim, T.J.; Bang, C.S.; Kim, J.Y.; Lee, K.J.; Kim, J.; Kim, H.H.; You, S.C.; Shin, W.G. Aspirin, metformin,

and statin use on the risk of gastric cancer: A nationwide population-based cohort study in Korea with systematic review and
meta-analysis. Cancer Med. 2022, 11, 1217–1231. [CrossRef] [PubMed]

38. Lim, J.H.; Shin, C.M.; Han, K.-D.; Lee, S.W.; Jin, E.H.; Choi, Y.J.; Yoon, H.; Park, Y.S.; Kim, N.; Lee, D.H. Association between the
Persistence of Obesity and the Risk of Gastric Cancer: A Nationwide Population-Based Study. Cancer Res. Treat. 2022, 54, 199–207.
[CrossRef] [PubMed]

39. Chen, M.J.; Bair, M.J.; Chen, P.Y.; Lee, J.Y.; Yang, T.H.; Fang, Y.J.; Chen, C.C.; Chang, A.T.; Hsiao, W.D.; Yu, J.J.; et al. Declining
trends of prevalence of Helicobacter pylori infection and incidence of gastric cancer in Taiwan: An updated cross-sectional survey
and meta-analysis. Helicobacter 2022, e12914. [CrossRef] [PubMed]

40. Kim, Y.I.; Kim, Y.A.; Lee, J.W.; Kim, H.J.; Kim, S.H.; Kim, S.G.; Kim, J.I.; Kim, J.J.; Choi, I.J. Effect of Helicobacter pylori Treatment on
Long-term Mortality in Patients with Hypertension. Gut Liver 2020, 14, 47–56. [CrossRef]

41. Kim, Y.I.; Kim, Y.A.; Kim, H.J.; Kim, S.H.; Hwangbo, Y.; Kim, J.G.; Kim, J.J.; Choi, I.J. Effect of Helicobacter pylori treatment on the
long-term mortality in patients with type 2 diabetes. Korean J. Intern. Med. 2021, 36, 584–595. [CrossRef]

42. Jung, H.K.; Kang, S.J.; Lee, Y.C.; Yang, H.J.; Park, S.Y.; Shin, C.M.; Kim, S.E.; Lim, H.C.; Kim, J.H.; Nam, S.Y.; et al. Evidence-Based
Guidelines for the Treatment of Helicobacter pylori Infection in Korea 2020. Gut Liver 2021, 15, 168–195. [CrossRef] [PubMed]

43. Sverdén, E.; Brusselaers, N.; Wahlin, K.; Lagergren, J. Time latencies of Helicobacter pylori eradication after peptic ulcer and risk
of recurrent ulcer, ulcer adverse events, and gastric cancer: A population-based cohort study. Gastrointest. Endosc. 2018, 88,
242–250.e241. [CrossRef] [PubMed]

44. Kim, H.J.; Kim, Y.J.; Seo, S.I.; Shin, W.G.; Park, C.H. Impact of the timing of Helicobacter pylori eradication on the risk of
development of metachronous lesions after treatment of early gastric cancer: A population-based cohort study. Gastrointest.
Endosc. 2020, 92, 613–622.e611. [CrossRef] [PubMed]

http://doi.org/10.4166/kjg.2009.54.5.269
http://doi.org/10.1093/ije/dyy120
http://www.ncbi.nlm.nih.gov/pubmed/29939268
http://doi.org/10.1097/EDE.0b013e3181d61eeb
http://www.ncbi.nlm.nih.gov/pubmed/20335814
http://doi.org/10.3748/wjg.v28.i12.1187
http://doi.org/10.1158/1055-9965.EPI-22-0372
http://doi.org/10.1007/s00535-022-01878-4
http://doi.org/10.1002/cam4.4514
http://www.ncbi.nlm.nih.gov/pubmed/34970858
http://doi.org/10.4143/crt.2021.130
http://www.ncbi.nlm.nih.gov/pubmed/33940785
http://doi.org/10.1111/hel.12914
http://www.ncbi.nlm.nih.gov/pubmed/35848363
http://doi.org/10.5009/gnl18510
http://doi.org/10.3904/kjim.2019.428
http://doi.org/10.5009/gnl20288
http://www.ncbi.nlm.nih.gov/pubmed/33468712
http://doi.org/10.1016/j.gie.2017.11.035
http://www.ncbi.nlm.nih.gov/pubmed/29233672
http://doi.org/10.1016/j.gie.2020.05.029
http://www.ncbi.nlm.nih.gov/pubmed/32473251

	Introduction 
	Methods 
	Data Source 
	Study Design 
	Study Populations and Cohort Definitions 
	Outcomes 
	Statistical Analysis 
	Sensitivity and Negative Control Analyses 

	Results 
	Study Flow and Baseline Characteristics 
	Effect of HP Treatment on GC Risk in the General Population 
	Effect of HP Treatment on GC Risk in the High-Risk Groups (Age  65 Years and Male Sex) 
	Incidence of GC According to the Period after HP Treatment by Age Group 

	Discussion 
	Conclusions 
	References

