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Abstract
Background/Aims: Although several chemopreventive drugs against gastric 
cancer have been proposed, their effects have not been fully evaluated. We exam-
ined the impacts of aspirin, metformin, and statin use on gastric cancer develop-
ment in a population-based cohort in Korea.
Methods: We analyzed the association between potential chemopreven-
tive drugs—aspirin, metformin, and statin—and gastric cancer through the 
Observational Medical Outcomes Partnership Common Data Model-based 
Korean nationwide cohort. Use of aspirin, metformin, and statin was defined by 
≥365 days of prescriptions for each drug in the general population. To summarize 
the current evidence, we further performed a systematic review and meta-analysis 
of the impact of aspirin, metformin, and statin on gastric cancer development.
Results: After propensity score matching, 31,839, 6764, and 10,251  subjects 
were observed for medians of 4.7, 4.2, and 4.2 years for aspirin, metformin, and 
statin analysis, respectively. Use of aspirin or statin was associated with lower 
risks of gastric cancer compared to their non-use, respectively (hazard ratio [HR] 
[95% confidence interval [CI]]: aspirin, 0.72 [0.60–0.85], p  <  0.01; statin, 0.67 
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1   |   INTRODUCTION

Gastric cancer is the sixth most common cancer and the 
third-leading cause of cancer death worldwide, with the 
highest incidence rates especially in Eastern Asia.1  The 
primary prevention of gastric cancer includes reducing in-
take of foods preserved by salting; increasing consumption 
of fresh fruits and vegetables; not smoking; and treatment 
of Helicobacter pylori (H. pylori) infection.2 Although H. 
pylori eradication therapy is well known as the most de-
finitive method for chemoprevention of gastric cancer, it 
cannot fully reduce the risk of gastric cancer.3

The chemopreventive effects of cardiovascular or anti-
diabetic medications such as aspirin, metformin, and sta-
tin against gastric cancer have been proposed.4–9 Aspirin 
acts as a chemopreventive agent by cyclooxygenase-2 
(COX-2) inhibition and non-cyclooxygenase pathways 
such as phosphatidylinositol 3-kinase, nuclear factor-κB, 
Wnt-ß-catenin, extracellular signal-regulated kinase, and 
activated protein 1.4 Possible anti-carcinogenic mecha-
nisms of metformin include direct activation of the 5′ ade-
nosine monophosphate-activated protein kinase (AMPK) 
pathway and indirect effects from lowering the blood 
glucose and insulin levels.7 Statins have shown potential 
chemopreventive effects on various solid tumors, which 
are believed to be mediated by arresting cell cycle pro-
gression inducing apoptosis, inhibiting angiogenesis, and 
immunomodulation.10 However, those studies were based 
on heterogeneous populations and study designs. Besides, 
the effect of drugs on gastric cancer might differ by region, 
ethnicity, and regional prevalence of H. pylori infection. 
Nonetheless, few studies have assessed the drug effects on 
gastric cancer in countries with high incidence of gastric 
cancer, adjusting various confounding factors. Moreover, 
the chemopreventive effects of aspirin, metformin, and 
statin were evaluated in different studies, separately, not 
in the same database. Generally, these medications often 

could be co-prescribed in clinical practice, therefore, it is 
needed to evaluate the chemopreventive effects of each 
drug in the same database with adjusting many factors 
that might affect the gastric cancer.

Therefore, this study aimed to identify whether aspirin, 
metformin, and statin are associated with gastric cancer 
prevention using a nationwide population-based cohort 
in Korea, where gastric cancer is highly prevalent. We 
additionally conducted the systematic review and meta-
analysis to validate our study findings.

2   |   METHODS

2.1  |  Study design

This nationwide population-based cohort study evaluated 
the association between potential chemopreventive drugs 
including aspirin, metformin, and statin on the risk of gas-
tric cancer through the Observational Medical Outcomes 
Partnership Common Data Model (OMOP-CDM)-based 
Korean database retrospectively. The analyses were per-
formed using Observational Health Data Science and 
Informatics (OHDSI), an international, open-science 
collaborative of more than 220  health care organiza-
tions supporting large-scale observational research with 
OMOP-CDM.11  To validate our findings, we conducted 
the systematic review and meta-analysis of previously 
published studies. The protocol of the current study was 
approved by the Institutional Review Board of Kangdong 
Sacred Heart Hospital (IRB no. 2019-05-014).

2.2  |  Database

We obtained data from the National Health Insurance 
Service–National Sample Cohort (NHIS–NSC), a 

[0.49–0.92], p = 0.01). However, no association was observed between metformin 
use and gastric cancer development (HR [95% CI]: 0.85 [0.59–1.23], p = 0.40). A 
subgroup of subjects with diabetes mellitus showed a lower risk of gastric cancer 
development with statin use. The meta-analysis showed the highest effect size of 
gastric cancer development for statin, followed by aspirin and metformin.
Conclusions: Statin and aspirin use were associated with significantly reduced 
risks of gastric cancer development, while the use of metformin was not associ-
ated with the gastric cancer risk. The protective effect of statin against gastric 
cancer was also significant in patients with diabetes mellitus.
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Korean nationwide cohort comprising about one mil-
lion subjects.12  Korea has a single-payer health insur-
ance system managed by the NHIS. In 2002, the NHIS 
established cohort data representative of the Korean 
population for research purposes.12 These data included 
a demographic profile, health insurance claims data, 
death registry, disability registry, and national health 
check-up data. The NHIS–NSC data during 2002 and 
2013 were converted into the OMOP-CDM model.13 The 
converting process was described previously,13 and 
OMOP-CDM-based studies have been validated in mul-
tiple studies.14–17

2.3  |  Study population and cohort 
definitions

To identify the impact of aspirin, metformin, and statin on 
gastric cancer development, we selected target (drug user) 
and comparator (non-drug user) cohorts from a general 
population; namely, all subjects included in the NHIS–
NSC. As part of subgroup analysis, we also analyzed data 
using additional target and comparator cohorts in a dia-
betes mellitus (DM) population because these drugs are 
common medications used by patients with DM.

The target cohort was defined as subjects who were 
prescribed the target drugs (aspirin, metformin, or sta-
tin) for more than 365 days. The included concept iden-
tifications associated with the target drugs are listed in 
Table  S1. The index date was defined as the date of the 
first prescription of the target drug (exposure). The gaps of 
less than 30 days between drug prescription were permit-
ted, and it were regarded as continuous drug exposures. 
The comparator cohort was defined as subjects who were 
prescribed any other drug excluding each target drug (as-
pirin, metformin, or statin) for more than 365 days. The 
target and comparator cohorts were censored if they were 
diagnosed with gastric cancer or the observation period 
ended in the database. Subjects who met at least one of 
the following criteria were excluded from both target and 
comparator cohorts: (1) history of any previous malignant 
neoplasm beyond the exposure ascertainment period of 
3 years before cohort entry; (2) an observation time of less 
than 1 year prior to cohort entry; and (3) age <18 years at 
cohort entry. The construction of cohorts is presented in 
Figure S1.

Within the target and comparator cohorts, sub-
jects with DM were selected based on the International 
Classification of Diseases (ICD)-10 codes. The target co-
hort in the DM population was defined as subjects who 
received target drugs for 30 days or more within 1 year of 
DM diagnosis. The comparator cohort was defined as sub-
jects who had been exposed to oral hypoglycemic agents 

or insulin within 1 year of DM diagnosis with no exposure 
to target drugs. The censoring rules were applied equally 
with general population.

The outcome cohort was defined as subjects who were 
newly diagnosed with gastric cancer after 1 year from the 
index date. Gastric cancer was identified using the ICD-10 
diagnosis codes C16.0–C16.9, and D002 (carcinoma in situ 
of stomach).

2.4  |  Outcomes

The primary outcome was the impact of aspirin, met-
formin, and statin on gastric cancer prevention in a gen-
eral population. The secondary outcome was the impact of 
those drugs on gastric cancer prevention in DM patients.

2.5  |  Statistical analysis

OHDSI research provides large-scale propensity score 
models with regularized logistic regression. The follow-
ing covariates were used for propensity score matching 
between the target and comparator cohorts: age, sex, 
index year, all previous comorbidities, all drugs in the 
365 days prior to the index date, and Charlson comorbid-
ity index. Of those who had health check-up, smoking 
history, alcohol consumption, body weight, and family 
history of cancer were included in covariates. To adjust 
for previous H. pylori eradication therapy between the 
target and comparator cohorts, prescribed drugs for H. 
pylori eradication before the index date, including proton 
pump inhibitors, amoxicillin, clarithromycin, bismuth, 
tetracycline, and metronidazole, were also included as 
covariates. Propensity score matching was performed 
in a 1:1 ratio and a caliper of 0.25 on the logit scale. 
Propensity score was estimated using logistic regression 
models with the L1 penalty hyper-parameter selected 
through 10-fold cross-validation using high-performance 
computing.18

We developed Cox proportional hazard models to cal-
culate the hazard ratios (HRs) with 95% confidence in-
tervals (CIs) for the risk of gastric cancer development 
between the target and comparator cohorts, using the 
CohortMethod package in R. The Kaplan–Meier method 
was used to estimate the cumulative incidence rates, and 
the cumulative incidence between two groups was com-
pared using the log-rank test. To evaluate the robustness of 
the main analysis results, multiple sensitivity analysis was 
conducted with various case–control ratios and lag peri-
ods. Empirical calibration of the p-values was conducted 
by fitting an empirical null distribution to point estimates 
of negative control outcomes, which were expected to not 
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be related with the target or comparator cohort and as-
sumed that true relative risk between the target and com-
parator cohorts was 1.19 Ninety selected negative control 
outcomes are listed in Table S2.

Two-sided p-values <0.05 were considered statistically 
significant in all comparisons. All analyses were per-
formed using ATLAS ver. 2.7 and R statistical software 
(version 3.6.1 for Windows; R Foundation for Statistical 
Computing).

2.6  |  Systematic review and meta-
analysis

For the systematic review and meta-analysis, we searched 
the MEDLINE, EMBASE, and Cochrane Library data-
bases for all relevant studies published between 1980 and 
2020 that examined the risk of gastric cancer development 
according to the administration of aspirin, metformin, or 
statin. The detailed search strategies and latest search date 
are shown in Appendix S1.

The inclusion criteria were (a) population: adults 
in community-  or hospital-based cohorts; (b) interven-
tion: administration of aspirin, metformin, or statin; (c) 
comparator: no administration of aspirin, metformin, or 
statin; (d) outcome: gastric cancer development; and (e) 
study design: cohort or case–control studies. Non-original 
studies, non-human studies, abstract-only publications, 
and studies published in languages other than English 
were excluded.

We first reviewed the titles and abstracts of the stud-
ies identified by our keyword search. Duplicates from 
multiple databases were removed, and irrelevant studies 
were then excluded according to the inclusion and ex-
clusion criteria. Finally, we screened the full texts of the 
remaining studies. Two investigators (S.I.S. and C.H.P.) 
independently evaluated the studies for eligibility. Any 
disagreements were resolved through discussion and con-
sensus. If agreement could not be reached, a third investi-
gator (W.G.S.) determined the final eligibility.

Data were extracted using a data extraction form 
that had been developed in advance. Two investiga-
tors (S.I.S. and C.H.P.) independently extracted infor-
mation on the first author; year of publication; study 
design; country; study period; publication language; 
definitions of aspirin, metformin, or statin use; and 
the risk of gastric cancer development according to the 
groups. As the primary outcome of the meta-analysis, 
we analyzed the pooled risk of gastric cancer devel-
opment according to the type of medication (aspirin, 
metformin, and statin) based on all relevant studies. 
Then, we further demonstrated the risk of gastric can-
cer development in studies of diabetic patients only, 

if  possible. Besides, subgroup analyses according 
to study regions (Eastern vs. Western studies) were 
performed.

For the meta-analysis, pooled odds ratios (ORs) or 
HRs with 95% CIs were calculated. A random-effects 
model was utilized in the meta-analyses. We assessed 
heterogeneity using two methods: Cochran's Q test, 
wherein p-values <0.1 were considered statistically 
significant for heterogeneity, and I2  statistics, wherein 
values >50% were suggestive of significant hetero-
geneity.20 All p-values were two-tailed, and p-values 
<0.05 were considered statistically significant in all 
tests in the meta-analyses except for heterogeneity. 
Analysis and reporting were performed in accordance 
with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines.21 
All meta-analyses were conducted using the statistical 
software Review Manager 5.4 (version 5.4.0; Cochrane 
Collaboration, Copenhagen, Denmark) and R (version 
4.0.2; R Foundation for Statistical Computing, Vienna, 
Austria).

3   |   RESULTS

A total of 1,025,340 subjects in the NHIS–NSC were eligi-
ble in our study. The attrition flow charts of each drug are 
summarized in Figure S2. After large-scaled propensity 
score matching, a total of 31,839, 6764, and 10,251 sub-
jects were included in the final analysis for aspirin, met-
formin, and statin, respectively. The covariates balance 
before and after propensity score matching are presented 
in Figure S3. Overall, the differences in covariates be-
fore propensity score matching were well resolved after 
matching. To assess for systematic errors in our study 
populations, the relative risks of the target drugs (aspirin, 
metformin, and statin) for negative control outcomes were 
plotted in funnel plots (Figure S4). The plots showed no 
asymmetry and most negative control outcomes showed 
no significant difference between two cohorts. The base-
line subject characteristics in the target and comparator 
cohorts are described in Table 1. The most common medi-
cal history was hypertensive disorder for aspirin user, DM 
for metformin user, and hyperlipidemia for statin user. 
The most common medication was antibacterial use, fol-
lowed by drugs for acid-related disorders in all analyses. 
We adjusted for medications that may alter the risk of 
gastric cancer including aspirin, metformin, statin, and 
nonsteroidal anti-inflammatory drugs (NSAIDs), and 
the covariates were well matched (Table 1). Of the anti-
inflammatory drugs and antirheumatic products, the de-
tailed proportion of each drug of NSAIDs is presented in 
Table S3.
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3.1  |  Aspirin

The median exposure duration for aspirin in the tar-
get cohort was 2.4  years (interquartile range [IQR] 1.5–
4.1 years). The median period from cohort entry to gastric 
cancer diagnosis was 4.2 years.

The Kaplan–Meier curve showed the cumulative inci-
dence of gastric cancer in the target and comparator co-
horts (Figure 1A). During the median 4.7-year observation 
period, 369 and 450 subjects in the target and comparator 
cohorts developed gastric cancer, respectively. The risk of 
gastric cancer was lower in the target cohort compared to 
that in the comparator cohort (HR [95% CI] = 0.72 [0.60–
0.85], p < 0.01) (Table 2). The results of sensitivity analysis 
according to different matching ratios and lag periods are 
shown in Table 3. The analysis under 1:4 matching with a 
6-month lag period also showed the significant consistent 
result with main analysis, although that under a longer 
lag period (1 year) failed to show a significant result. The 
analysis in the DM population showed that aspirin tended 
to be associated with a lower risk of gastric cancer devel-
opment although statistical significance was not identi-
fied (HR [95% CI] = 0.79 [0.60–1.03], p = 0.08) (Table 4).

3.2  |  Metformin

The median exposure duration for metformin in the target 
cohort was 2.3 years (IQR 1.5–3.7 years). The median period 
from cohort entry to gastric cancer diagnosis was 4.5 years. 
Figure 1B shows the Kaplan–Meier curve for the cumula-
tive incidence of gastric cancer. During the median 4.2-year 
observation period, 91 and 94  subjects in the target and 
comparator cohorts were diagnosed with gastric cancer, re-
spectively. The Cox proportional hazard model did not iden-
tify a preventive effect of metformin against gastric cancer 
(metformin ≥365  days; HR [95% CI]  =  0.85 [0.59–1.23]; 
p = 0.40) (Table 2). As shown in Table 3, sensitivity analy-
ses showed no significant difference in the risks of gastric 
cancer development in the target and comparator cohorts. 
Additionally, no significant impact of metformin on the risk 
of gastric cancer development was observed in the DM pop-
ulation (HR [95% CI] = 0.98 [0.70–1.39], p = 0.93) (Table 4).

3.3  |  Statin

The median exposure duration for statin in the target co-
hort was 2.0  years (IQR 1.4–0.3  years). The median pe-
riod from cohort entry to gastric cancer diagnosis was 
3.6 years. The Kaplan–Meier curve showed higher cumu-
lative incidence of gastric cancer in the comparator cohort 
compared to that in the target cohort (Figure 1C). During 

the median 4.1-year observation period, 106 and 136 sub-
jects, respectively, in the target and comparator cohorts 
developed gastric cancer. The risk of gastric cancer devel-
opment in the target cohort was lower than that in the 
comparator cohort (statin ≥365 days; HR [95% CI] = 0.67 

F I G U R E  1   Kaplan–Meier curve for cumulative incidence of 
gastric cancer between the target and comparator cohorts in the 
analysis of aspirin (A), metformin (B), and statin (C)
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[0.49–0.92]; p = 0.01) (Table 2). The impact of statin on 
the risk of gastric cancer was also shown in the results of 
the sensitivity analyses (Table 3). Statin use was also as-
sociated with a lower risk of gastric cancer development 
in the DM population (HR [95% CI]  =  0.60 [0.43–0.85], 
p < 0.01) (Table 4).

3.4  |  Systematic review and meta-
analysis of previous studies

The meta-analysis included 18, 9, and 11  studies on 
aspirin, metformin, and statin, respectively (Figure 

S5).4–10,22–50 The characteristics of the included studies are 
summarized in Tables S4–S6.

The risk of gastric cancer development according to 
the use of aspirin is evaluated in 13 case–control and 5 
cohort studies. The use of aspirin showed a lower risk of 
gastric cancer development compared to the non-use of 
aspirin in both case–control and cohort studies (case–
control: OR [95% CI] = 0.77 [0.70–0.86]; cohort: HR [95% 
CI] = 0.73 [0.59–0.90]; Figure 2). Significant heterogene-
ity was identified in both study design subgroups (case–
control: df = 12, p < 0.01, I2 = 87%; cohort: df = 4, p = 0.03, 
I2 = 61%). Although only one study investigated the risk of 
gastric cancer development in patients with DM who took 

T A B L E  2   Impacts of aspirin, metformin, and statin on the risk of gastric cancer development

Target drug Cohort
Subjects, 
n

Observation, 
person-years

Gastric cancer 
development, n

Incidence rate, 
/1000 person-years HR (95% CI) p-value

Aspirin Target 31,839 154,136 369 2.39 0.72 (0.60–0.85) <0.01

Comparator 31,839 148,104 450 3.04 Reference

Metformin Target 6764 29,358 91 3.10 0.85 (0.59–1.23) 0.40

Comparator 6764 27,944 94 3.36 Reference

Statin Target 10,251 42,659 106 2.48 0.67 (0.49–0.92) 0.01

Comparator 10,251 41,288 136 3.29 Reference

Abbreviations: CI, confidence interval; HR, hazard ratio.

T A B L E  3   Sensitivity analyses according to matching ratios and lag periods

Propensity score matching ratio 
(target cohort: comparator cohort)

Lag 
period

Aspirin, HR (95% CI), 
p-value

Metformin, HR (95% 
CI), p-value

Statin, HR (95% 
CI), p-value

1: 1 (main analysis) 1 year 0.72 (0.60–0.85), <0.01 0.85 (0.59–1.23), 0.40 0.67 (0.49–0.92), 
0.01

1: 4 1 year 0.71 (0.61–0.83), <0.01 1.01 (0.72–1.41), 0.97 0.69 (0.52–0.91), 
0.01

1: 1 2 year 0.81 (0.67–0.98), 0.03 1.29 (0.83–2.01), 0.27 0.68 (0.47–0.97), 
0.04

1: 4 2 year 0.79 (0.67–0.94), 0.01 1.24 (0.84–1.83), 0.28 0.70 (0.50–0.96), 
0.03

Abbreviations: CI, confidence interval; HR, hazard ratio.

T A B L E  4   Impacts of aspirin, metformin, and statin on the risks of gastric cancer development in patients with diabetes mellitus

Target drug Cohort
Subjects, 
n

Observation, 
person-years

Gastric cancer 
development, n

Incidence rate, 
/1000 person-years HR (95% CI) p-value

Aspirin Target 11,216 55,922 179 3.20 0.79 (0.60–1.03) 0.08

Comparator 11,216 52,678 186 3.53 Reference

Metformin Target 5566 29,019 113 3.89 0.98 (0.70–1.39) 0.93

Comparator 5566 25,895 96 3.71 Reference

Statin Target 6530 31,018 83 2.68 0.60 (0.43–0.85) <0.01

Comparator 6530 28,745 125 4.35 Reference

Abbreviations: CI, confidence interval; HR, hazard ratio.



1226  |      SEO et al.

aspirin, the use of aspirin was beneficial to prevent gastric 
cancer development in this population (Figure 2B).31

All nine included studies on the risk of gastric cancer 
development according to the use of metformin included 
only DM patients and were designed as cohort studies. 
Although significant heterogeneity was observed, the risk 
of gastric cancer development for the use of metformin 
was lower than that in for the non-use of metformin (HR 
[95% CI] = 0.84 [0.73–0.96], df = 8, p < 0.01, I2 = 82%; 
Figure 3).

Figure  4  shows the comparative risk of gastric can-
cer development between the use and non-use of statin 
groups. In the six case–control studies, the pooled OR of 
statin use was 0.59 (95% CI, 0.39–0.88), while the pooled 
HR of statin use was 0.71 (95% CI, 0.59–0.85) in the five 
cohort studies. Significant heterogeneity was identified 

in both case–control and cohort studies. The study by Lee 
et al. that included only patients with DM also demon-
strated that the use of statin lowered the risk of gastric 
cancer development (Figure 4B).31

The forest plots of subgroup analysis according to 
study regions (Eastern vs. Western studies) are shown 
in Figures S6–S8. The effect size of aspirin for the risk 
of gastric cancer development did not differ between 
Eastern and Western studies (case–control: Eastern 
studies, OR 0.79 [95% CI 0.70–0.89]; Western studies, 
OR 0.73 [95% CI 0.56–0.95]; p = 0.59, I2 = 0%; cohort: 
Eastern studies, HR 0.54 [95% CI 0.19–1.50]; Western 
studies, HR 0.73 [95% CI 0.62–0.87]; p > 0.99, I2 = 0%). 
However, the effect size of metformin or statin for the 
risk of gastric cancer development in cohort studies was 
lower in Eastern studies compared to Western studies 

F I G U R E  2   Meta-analysis of gastric cancer prevention by aspirin. (A) Any population, (B) DM population. CI, confidence interval; DM, 
diabetes mellitus; HR, hazard ratio; IV, inverse variance; OR, odds ratio; SE, standard error
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(metformin: Eastern studies, HR 0.62 [95% CI 0.52–
0.75]; Western studies, HR 0.94 [95% CI 0.83–1.06]; 
p  <  0.01, I2  =  92.2%; statin: Eastern studies, HR 0.61 
[95% CI 0.50–0.74]; Western studies, HR 0.84 [95% CI 
0.74–0.95]; p < 0.01, I2 = 86%).

4   |   DISCUSSION

This was the first Korean nationwide population-based 
study to evaluate the impact of aspirin, metformin, and sta-
tin on gastric cancer incidence using OMOP-CDM-based 

F I G U R E  3   Meta-analysis of gastric cancer prevention by metformin in the DM population. CI, confidence interval; DM, diabetes 
mellitus; HR, hazard ratio; IV, inverse variance; SE, standard error

F I G U R E  4   Meta-analysis of gastric cancer prevention by statin. (A) Any population, (B) DM population. CI, confidence interval; DM, 
diabetes mellitus; HR, hazard ratio; IV, inverse variance; OR, odds ratio; SE, standard error
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analysis. In the present study, statin use over 1 year sig-
nificantly reduced gastric cancer incidence by 33% and a 
protective effect was also identified in the DM subgroup 
population. To date, few studies have assessed the risk of 
gastric cancer with statin use, especially in Asia. Our find-
ings enhanced the understanding of the additional role of 
statins as chemopreventive agents in the gastric cancer.

Aspirin use over 1 year exhibited a protective effect 
against gastric cancer development by 28%, whereas met-
formin was not associated with gastric cancer. Our results 
of aspirin and statin use were generally consistent with 
those of the systematic review and meta-analysis, al-
though these results should be interpreted with caution 
that significant heterogeneity was observed in the meta-
analyses. In the sensitivity analyses, the chemopreventive 
effect with 2-year lag period and 1:4  matching was also 
significant.

In the present study, no association was observed be-
tween metformin use and the risk of gastric cancer devel-
opment in both general and DM populations. This finding 
was contrary to the result of the meta-analysis, which 
showed a significant risk reduction in patients using met-
formin. However, the results of meta-analysis require cau-
tious interpretation owing to the significant heterogeneity. 
Among the nine studies included in the meta-analysis of 
metformin use, five showed insignificant outcomes al-
though the pooled effect size was significant. Importantly, 
the impact of metformin on gastric cancer develop-
ment differed according to the study regions (Eastern 
vs. Western countries) as shown in our subgroup meta-
analysis. Furthermore, one Korean study included in the 
meta-analysis for metformin did not show a significant re-
duction of the risk of gastric cancer by metformin.38 More 
investigations with different ethnic populations may be 
needed to clarify the chemopreventive effect of metformin 
against gastric cancer.

Our study has several strengths. First, to reduce im-
mortal time bias, we used a new-user study design to all 
analyses. Immortal time bias may be a concern in observa-
tional studies since the addition of immortal person-time 
to a given treatment group leads to an underestimation of 
the true risk in that group and spurious beneficial effects 
of treatments.51–54 We confined the study cohort to sub-
jects who were exposed to target drugs for the first time 
and 1  year of observation period before the index date. 
Moreover, we further analyzed the associations between 
the use of target drugs and the risk of gastric cancer in 
a population with DM. These analyses compared patients 
treated with the target drugs to those treated with oral 
hypoglycemic agents without target drugs. Second, it was 
based on a longitudinal Korean nationwide cohort in a re-
gion in which gastric cancer is prevalent. To our knowl-
edge, there was no study evaluating the impacts of three 

different drugs under the same analytic methods and da-
tabase in high-risk region of gastric cancer, whereas the 
previous studies applied heterogeneous analytic methods 
and covariates. Third, we used a database converted by 
OMOP-CDM. Because OHDSI research use standardized 
vocabularies, which can be applied to other OMOP-CDM-
based databases worldwide. In addition, we conducted a 
large-scale propensity score matching analysis, which in-
cludes all drugs, diagnosis, and disease severity as covari-
ates. The large-scale propensity score matching was used 
to make the two cohorts more comparable to each other, 
and most of SMD after propensity matching was lower 
than 0.1. To reduce the residual bias, we performed the 
analysis of negative control outcomes. Lastly, the results 
of multiple sensitivity analyses with varying lag periods 
and matching ratios showed the robustness of the study 
findings. Additionally, the systematic review and meta-
analyses helped to better understand and validate our 
study findings.

This study also has some potential limitations. 
First, although H. pylori infection is the strongest 
known risk factor of gastric cancer, we could not 
identify infection status in NHIS-CDM database. To 
minimize the bias caused by differences in H. pylori 
infection status, we adjusted for drugs used in H. 
pylori eradication therapy before the index date be-
tween the target and comparator cohorts. Previous 
studies that included only patients who received H. 
pylori eradication therapy showed that aspirin, met-
formin, and statin use were associated with decreased 
risk of gastric cancer after H. pylori eradication.4,10,43 
Second, histopathologic findings including intestinal 
metaplasia and histologic type of gastric cancer were 
unavailable in our database. Niikura et al. recently 
demonstrated that long-term (>2  years) aspirin use 
revealed preventive effects of gastric cancer only in 
diffuse-type cancer.55  Thus, the chemopreventive ef-
fects of drugs might depend on the histologic type of 
cancer.55 Third, we included subjects taking both as-
pirin and statin in the analysis, which are often pre-
scribed simultaneously in cardiac disease. It may lead 
to exaggerated result. However, exclusion of users with 
multiple drugs may not reflect the real-world practice, 
hence, we adjusted all previous drugs before cohort 
entry. Fourth, in spite of our maximal efforts to reduce 
the possible biases, our study was observational study, 
therefore, we could not demonstrate causal relation-
ship. The golden standard of study design is random-
ized controlled trial (RCT) to reveal causal relation 
between chemopreventive drugs and gastric cancer 
prevention. But, there are many difficulties such as 
long-term follow-up periods, huge research cost, and 
ethic problem to conduct RCT because the end point 
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of this study is cancer occurrence. Fifth, the OMOP-
CDM converted database has limitations from data 
conversion process. There might be misclassification 
bias from erroneous data conversion.

Despite the limitations, our study provides a com-
prehensive understanding of the impact of aspirin, 
metformin, and statin use on the risk of gastric cancer 
development. Statin or aspirin use was associated with a 
lower risk of gastric cancer development, while the bene-
ficial effect of metformin in gastric cancer prevention was 
not observed. The protective effect of statin against gas-
tric cancer was also significant in patients with diabetes 
mellitus.
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