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Simple Summary: Proton pump inhibitors (PPIs) are prescribed for reducing the amount of stomach
acid. PPIs increase the systemic level of gastrin, a trophic hormone, which is reported to be linked with
carcinogenesis. Previous epidemiological studies have shown that the use of PPIs increase the risk of
gastric cancer, questioning the safety of PPI therapy for reducing gastric acid suppression. The findings
of this study show that PPI use is associated with the risk of gastric cancer (RR 1.80, 95% CI, 1.46–2.22,
p < 0.001) compared with non-users. The evidence from this study suggests that clinicians should maintain
heightened vigilance regarding the adverse effect of PPI therapy and weigh the long-term outcomes.

Abstract: Proton pump inhibitors (PPIs) are used for maintaining or improving gastric problems.
Evidence from observational studies indicates that PPI therapy is associated with an increased
risk of gastric cancer. However, the evidence for PPIs increasing the risk of gastric cancer is still
being debated. Therefore, we aimed to investigate whether long-term PPI use is associated with
an increased risk of gastric cancer. We systematically searched the relevant literature in electronic
databases, including PubMed, EMBASE, Scopus, and Web of Science. The search and collection
of eligible studies was between 1 January 2000 and 1 July 2021. Two independent authors were
responsible for the study selection process, and they considered only observational studies that
compared the risk of gastric cancer with PPI treatment. We extracted relevant information from
selected studies, and assessed the quality using the Newcastle−Ottawa scale (NOS). Finally, we
calculated overall risk ratios (RRs) with 95% confidence intervals (CIs) of gastric cancer in the group
receiving PPI therapy and the control group. Thirteen observational studies, comprising 10,557
gastric cancer participants, were included. Compared with patients who did not take PPIs, the pooled
RR for developing gastric cancer in patients receiving PPIs was 1.80 (95% CI, 1.46–2.22, p < 0.001).
The overall risk of gastric cancer also increased in patients with gastroesophageal reflux disease
(GERD), H. pylori treatment, and various adjusted factors. The findings were also consistent across
several sensitivity analyses. PPI use is associated with an increased risk of gastric cancer in patients
compared with those with no PPI treatment. The findings of this updated study could be used in
making clinical decisions between physicians and patients about the initiation and continuation of PPI
therapy, especially in patients at high risk of gastric cancer. Additionally, large randomized controlled
trials are needed to determine whether PPIs are associated with a higher risk of gastric cancer.

Keywords: proton pump inhibitors; gastric cancer; stomach neoplasms; epidemiology; meta-analysis

Cancers 2022, 14, 3052. https://doi.org/10.3390/cancers14133052 https://www.mdpi.com/journal/cancers

https://doi.org/10.3390/cancers14133052
https://doi.org/10.3390/cancers14133052
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/cancers
https://www.mdpi.com
https://orcid.org/0000-0001-9624-9705
https://orcid.org/0000-0002-0412-767X
https://orcid.org/0000-0002-2551-6199
https://orcid.org/0000-0001-9198-0697
https://doi.org/10.3390/cancers14133052
https://www.mdpi.com/journal/cancers
https://www.mdpi.com/article/10.3390/cancers14133052?type=check_update&version=2


Cancers 2022, 14, 3052 2 of 14

1. Introduction

Proton pump inhibitors (PPIs) are prescribed for reducing the amount of stomach
acid [1]. A growing body of evidence from epidemiological studies indicates that PPIs are
associated with reliving gastroesophageal reflux disease (GERD)-related complications,
namely oesophageal ulcers, oesophageal bleeding, and peptic stricture [2]. Therefore, the
use of PPIs is considered to be a safe and effective therapy for preventing heartburn and
acid-related disorders. Previous evidence has also shown that the use of PPIs is associated
with a reduced risk of neoplastic progression Barrett’s oesophagus [3] and is not linked to
an increased risk of oesophageal adenocarcinoma [4], colorectal cancer [5], or hepatocellular
carcinoma (HCC) [6]. If the long-term use of PPIs was able to reduce the risk of a wide
variety of health complications such as cancer, PPIs would be an economical and widely
available treatment for acid-related disorders.

However, recent epidemiological studies have revealed that PPIs are associated with
an increased risk of gastric cancer [7,8]. They highlighted that PPIs reduce gastric acid
production, and consequently accelerate the secretion of gastrin, which is linked to an
increase in the risk of gastric cancer. Several animal models have shown that hypergas-
trinemia causes carcinomas in the gastric corpus. Moreover, previous literature reviews
reported a possible association between long-term use of PPI and increased risk of can-
cer [9], including patients after H. pylori eradication [10]. Appropriate interpretation of
these reviews is difficult because of the limited evidence, weak inclusion criteria, and
insufficient details to distinguish the effects across important characteristics (e.g., region,
duration, and adjustment for confounding factors).

A study with updated evidence is an unmet need in order to comprehensively assess
the association between PPIs and the risk of gastric cancer. This is clinically important,
because estimates of gastric cancer risk remain a cornerstone in formulating health policies
to reduce healthcare costs and to improve quality of life. Therefore, we conducted an
updated systematic review and meta-analysis of epidemiological studies to investigate
the association between PPI use and the risk of gastric cancer. Clarifying the actual mag-
nitude of risk of gastric cancer associated with PPI therapy may have important clinical
implications for patients at high risk of gastric cancer.

2. Methods

This study was conducted according to the PRISMA (preferred reporting items for
systematic reviews and meta-analyses) guidelines [11]. This review is not registered.

2.1. Data Sources

We developed a comprehensive search strategy with the help of experts in systematic
reviews and meta-analyses, and searched popular electronic databases such as PubMed,
Embase, Scopus, and Web of Science between 1 January 2000, and 1 April 2022. Search
free-text terms were “proton pump inhibitor” OR “proton pump inhibitors” OR “PPIs”
AND “gastric cancer” OR “gastric neoplasm” OR “gastric carcinoma” OR “stomach cancer”
OR “stomach neoplasm” OR “stomach carcinoma”. We considered only human studies,
and language was restricted to English. Additionally, we screened the reference lists from
potential original and review articles to confirm if any potential study was missing.

2.2. Eligibility Criteria

Included studies had to fulfil the following criteria: (a) observational studies, (b)
participants ≥18 years old, (c) studies that examined the impact of PPI treatment on cancer
risk, (d) studies that clearly explained the inclusion and exclusion criteria for PPI users
and cancer patients, and (e) studies that provided appropriate information about effect
sizes with 95% CI. Studies were excluded if they were not published in English, or were
published as reviews, case-reports, congress abstracts, or cross-sectional studies.
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2.3. Data Extraction

All of the titles and abstracts were screened by two authors (T.N.P. and H.-C.Y.) based
on predefined criteria, and a random sample was examined by a third author to confirm
reliability. The same two authors then evaluated the full texts against the eligibility criteria.
Any disagreement during the screening process was resolved by discussion with the main
investigator. Finally, these two authors independently extracted the necessary information
from the selected full-text articles. They collected information regarding authors, years of
publication, study location, study duration, database, study design, number of participants,
percentage of female patients, number of PPI users, number of cancer patients, inclusion
and exclusion criteria, effect size, and confounding factors.

2.4. Risk of Bias Assessment

We used the Newcastle−Ottawa Scale (NOS) to assess the quality of non-randomized
studies, which is suggested by the Cochrane library [12,13]. It assesses non-randomized
studies (case-control and cohort) in three domain, namelys: (a) selection of study, (b)
comparability, and (c) ascertainment of exposure/outcome. A study is classified into low,
moderate, and high quality based on the number of stars. A maximum of one “star” is
given for each item in the selection and exposure/outcome categories. A maximum of
two “stars” is given for comparability. A total of nine “stars” can be given for the three
domains. A study that received nine stars was considered to be at low risk of bias, a study
that received seven or eight stars was considered to be at moderate risk, and six or less was
considered to be at high risk of bias.

2.5. Statistical Analysis

The primary outcome measure was the risk of gastric cancer among individuals with
PPI use compared with non-users. The adjusted hazard risks (HRs) or odd ratios (ORs) with
95% CIs were used to calculate the overall risk ratios (RRs). The DerSimonian and Laird
random effect model was used to calculate the adjusted pooled RRs with 95% CIs. The I2

and Q statistics were used to assess the heterogeneity between studies. The heterogeneity
was considered to be very low, low, medium, and high if the I2 value was 0~25%, 25–50%,
50~75%, and >75%, respectively [14,15]. We evaluated and presented the publication bias
using the funnel plot and the Egger’s regression test [16,17].

We also conducted subgroup analyses to determine viable heterogeneity and to inves-
tigate whether the existing confounding and clinical factors were linked to any significant
variation of the outcome. The following factors were considered: (a) study design; (b)
regional impact; (c) quality of the study; (d) study year; (e) whether the study was adjusted
for age, gender and smoking status, alcohol, and GERD; and (f) the various type(s) of
gastric cancer in the study. Finally, a forest plot was drawn to visually illustrate the overall
pooled effect size. We used two-sided tests to calculate all p-values. The effect sizes were
considered statistically significant if p values were less than 0.05.

3. Results
3.1. Study Selection

A total of 1528 studies were identified through our search strategy; 872 articles were
removed due to duplications and 656 were went through for further title and abstract
evaluation. After assessing 18 full-text articles, 13 articles met all of the inclusion criteria
after [7,8,18–28]. Figure 1 shows an overview of the inclusion and exclusion criteria.
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Figure 1. Flow diagram of the literature search and selection of the studies for the meta-analysis.

3.2. Characteristics of the Included Studies

Table 1 presents the baseline characteristics of the included studies. Two of the studies
were conducted in North America, five in Europe, and six in Asia. The studies included
gastric cancer participants between 21 and 1491 with an age that ranged from 0 and 94
years old. The percentage of female participants was ~58.5%.
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Table 1. Characteristics of the included studies.

Author Country Duration Design Follow-Up Total
Population

Sex
(Female) Age PPI Non-PPI GC Log Time

(Month) NOS Score

Abrahami,
2021 [28] UK 1990–2018 Co 5 1,171,587 45.1 60.4 973,281 198,306 1410 12 9

Shin, 2021
[8] S. Korea 2004–2015 Co N/A 77,024 46.6 N/A; >40 39,799 122,118 808 24 9

Seo, 2021
[18] S. Korea 2002–2013 R-Co 4.3 11,741 52.1 15–94 6877 6877 173 12 8

Liu (1),
2020 [7] UK 1999–2011 C-C 5.1 6513 42.9 0–70+ 1542 4971 1119 12 9

Liu (2),
2020 [7] UK 1999–2014 Co 4.6 471,779 27.2 0–70+ 250 471,323 250 12 9

Lee, 2020
[19] USA 1996–2016 C-C N/A 11,776 25.6 72.4

(median) 937 10,839 1233 24 9

Lai, 2019
[20] Taiwan 2000–2013 C-C N/A 1298 34.4 65.6 (mean) 539 759 649 12 7

Peng, 2019
[21] Taiwan 1996–2011 C-C N/A 2122 N/A N/A 1693 429 1061 12 8

Cheung,
2018 [22] Taiwan 2003–2012 R-Co 7.6

(median) 63,397 53.5 54.7 3271 60,126 153 6 9

Brusselaers,
2017 [23] Sweden 2005–2012 R-Co 4.9 815,700 58.5 N/A; >18 795,490 20,210 1941 12 8

Niikura,
2017 [25] Japan 1998–2017 R-Co 6.9 533 44 N/A 118 415 21 N/A 7

Poulsen,
2009 [24] Denmark 1990–2003 R-Co N/A 36,268 53 40–84 18,790 17,478 161 12 8

Tamim,
2008 [26] Canada 1994–2003 C-C N/A 8229 47.9 75.5 1299 6930 1071 6 7

Rodríguez,
2006 [27] UK 1994–2001 C-C N/A 10,293 N/A 40–84 442 9786 507 12 6

Note: Co = cohort study; R = retrospective; N/A = not available; GC = gastric cancer; PPI = proton pump inhibitor; NOS = Newcastle−Ottawa scale.
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3.3. Assessment of Risk Bias

The methodological quality of the included studies varied. The quality was high in
five studies, moderate in seven studies, and low in one study. The range of the NOS score
was between 6 and 9. The average NOS score was 8.07.

3.4. PPI Use and the Risk of Gastric Cancer

Thirteen studies evaluated the use of PPIs and gastric cancer risk. The pooled risk
ratio of gastric cancer for PPI users was 1.80-fold higher (95% CI: 1.46–2.22) than for
non-PPIs users. Figure 2 shows that PPI had a significant association gastric cancer. The
random-effect model also revealed a significant heterogeneity among the studies (I2 = 85.71,
Q = 91.03, p < 0.001).

Figure 2. Forest plot of the association between PPIs and risk of gastric cancer [7,8,18–28].

3.5. Subgroup Analysis

The key target was to make the findings more comprehensive; therefore, we performed
robust subgroup analyses. The subgroup analysis was based on the influence of study
design, number of participants, region, demographic factors (e.g., adjusted for age and
gender), and clinical factors (e.g., GERD and aspirin) (Table 2).

Eight cohort and six case-control studies assessed the association between PPI use and
risk of gastric cancer. The pooled RRs for the cohort and case-control studies were 1.99
(95% CI: 1.37–2.88, p < 0.001) and 1.69 (95% CI: 1.34–2.13, p < 0.001). There was significant
heterogeneity among the studies (Q = 58.74, p < 0.001, I2 = 88.08%, and Q = 25.42, p < 0.001,
I2 = 80.33, respectively).

Six studies from Asia evaluated the impact of PPI treatment on the risk of gastric
cancer. The overall pooled RR was 2.07 (95% CI: 1.29–3.30, p = 0.02, Q = 58.18, p < 0.001,
I2 = 91.40%). The pooled RRs for studies from Europe and North America were 1.87 (95%
CI: 1.41–2.48, p < 0.001, number of studies, n = 5) and 1.27 (95% CI: 0.94–1.72, p = 0.11, n =
2), respectively.
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Table 2. Subgroup analysis.

Subgroup No of Study Effect Size 95% CI p-Value I2 Q-Value p-Value τ2

All studies [7,8,18–28] 13 1.80 1.46–2.22 <0.001 85.71 91.03 <0.001 0.12

Study design

Cohort [7,8,18,22–25,28] 8 1.99 1.37–2.88 <0.001 88.08 58.74 <0.001 0.23

Case-control [7,19–21,26,27] 6 1.69 1.34–2.13 <0.001 80.33 25.42 <0.001 0.06

Region

Asia [8,18,20–22,25] 6 2.07 1.29–3.30 0.002 91.40 58.18 <0.001 0.28

Europe [7,23,24,27,28] 5 1.87 1.41–2.48 <0.001 77.43 22.16 <0.001 0.09

North America [19,26] 2 1.27 0.94–1.72 0.11 70.27 3.36 0.06 0.03

Methodological quality

High [7,8,19,22,28] 5 1.31 1.06–1.63 0.01 74.86 19.89 0.001 0.04

Moderate [18,20,21,23–26] 7 2.32 1.74–3.09 <0.001 78.16 27.47 <0.001 0.10

Low [27] 1 2.18 1.57–3.03 <0.001 - - - -

Adjusted for age

Yes [7,8,21–25,27] 8 2.01 1.46–2.75 <0.001 89.86 78.91 <0.001 0.18

No [18–20,26,28] 5 1.54 1.22–1.95 <0.001 66.98 12.11 0.01 0.04

Adjusted for gender

Yes [7,8,22–25,27] 7 1.94 1.40–2.69 <0.001 88.53 61.02 <0.001 0.17

No [18–21,26,28] 6 1.70 1.30–2.21 <0.001 80.01 25.02 <0.001 0.08

Adjusted for smoking

Yes [7,8,19,27] 4 1.33 1.02–1.73 0.03 88.65 24.47 <0.001 0.07

No [18,20–26,28] 9 2.17 1.71–2.76 <0.001 74.37 31.22 <0.001 0.08

Adjusted for alcohol

Yes 4 1.33 1.02–1.73 0.03 88.65 24.47 <0.001 0.07

No 9 2.17 1.71–2.76 <0.001 74.37 31.22 <0.001 0.08

Adjusted for GERD

Yes [7,8,18–23,27] 9 1.84 1.39–2.44 <0.001 89.25 83.73 <0.001 0.17

No [24–26,28] 4 1.66 1.31–2.10 <0.001 51.32 6.16 0.10 0.02

Adjusted for aspirin

Yes [7,8,18,22,23] 5 1.85 1.26–2.71 0.001 89.80 49.01 <0.001 0.18

No [19–21,24–28] 8 1.78 1.42–2.23 <0.001 75.91 29.06 <0.001 0.07

Number of PPI users

≤5000 [7,19–22,25–27] 8 1.74 1.41–2.14 <0.001 75.08 32.10 <0.001 0.06

>5000 [8,18,23,24,28] 5 1.96 1.20–3.18 0.006 91.77 48.64 <0.001 0.26

Lag time

<=6 months [22,25,26] 3 1.46 1.03–2.05 0.03 74.25 7.76 0.02 0.06

>6 months
[7,8,18–21,23,24,28] 9 1.86 1.43–2.43 <0.001 88.56 78.67 <0.001 0.15

Cancer type

Cardia [7,21–23,26,27] 6 1.32 0.84–2.03 0.21 58.92 12.17 0.03 0.18

Non-cardia [7,21–23,26,27] 6 2.38 1.90–2.98 <0.001 0 4.86 0.43 0

The overall pooled RRs for the risk of gastric cancer for studies with ≤ 5000 and >5000
PPI users were 1.74 (95% CI: 1.41–2.14, p < 0.001, n = 8) and 1.96 (95% CI: 1.20–3.18, p =
0.006, n = 5), respectively. There was significant heterogeneity among the studies (Q = 32.10,
I2 = 75.08, p < 0.001, and Q = 48.64, I2 = 91.77%, p < 0.001)



Cancers 2022, 14, 3052 8 of 14

Eight studies adjusted for age when calculating the overall risk of gastric cancer
among patients with PPI than that of non-users. The risk of gastric cancer was high, even
if adjusted for age (RR: 2.01 95% CI: 1.46–2.75, p < 0.001). Moreover, seven studies that
adjusted for gender, and four studies adjusted for smoking, as well as alcohol consumption,
were also associated with an increased risk of gastric cancer among PPI users. The pooled
RRs were 1.94 (95% CI: 1.40–2.69, p < 0.001), 1.33 (95% CI: 1.02–1.73, p < 0.001), and 1.33
(95% CI: 1.02–1.73, p < 0.001), respectively. The overall pooled RRs for the risk of gastric
cancer for studies adjusted for gastroesophageal reflux disease (GERD) was 1.84 (95% CI:
1.39–2.44, p < 0.001, n = 9).

Five studies with a high methodological quality assessed the risk of gastric cancer; the
pooled RR was 1.31 (95% CI: 1.06–1.63, p = 0.01, n = 5), with significant heterogeneity (Q =
19.89, p = 0.001, I2 = 74.86%). The pooled RRs for moderate and low methodological quality
studies were 2.32 (95% CI: 1.74–3.09, p < 0.001, n = 7) and 2.18 (95% CI: 1.57–3.03, p < 0.001,
n = 1), respectively.

Six studies reported a correlation between PPI therapy and different types of gastric
cancer. The use of PPIs was more related to non-cardia gastric cancer (RR: 2.38 95% CI:
1.90–2.98, p < 0.001, n = 6), while it was less related to cardia gastric cancer (RR: 1.32 95%
CI: 0.84–2.03, p = 0.21, n = 6).

3.6. Sensitivity Analysis

We also conducted sensitivity analyses regarding the robustness of this updated
study. We excluded two studies (Cheung et al. [22] and Niikura et al. [25]) because both
investigated the possible association between long-term use of PPIs and gastric cancer risk
after treatment for H. pylori. However, no significant change was observed in the pooled
effect or heterogeneity (RR 1.72, 95% CI: 1.39–2.13, p < 0.001, I2 = 86.85).

For dosage of PPIs and medication subtype, Abrahami et al. [28] showed that a higher
dose of omeprazole was associated with a higher risk of gastric cancer, compared with a
lower dose. The HRs for cumulative omeprazole dose of <14,600 mg, 14,600–28,199 mg,
and ≥29,200 mg was 1.33 95% CI: 0.97–1.83 95% CI: 2.051.46–2.89, and 2.34 95% CI: 1.62
to 3.37. Liu et al. [7] also reported that a high dose of PPIs use was associated with an
increased risk of gastric cancer (OR:1.23, 95% CI: 0.76–1.97). Patients with omeprazole
and lansoprazole also showed a positive association with gastric cancer (HR: 1.17 95% CI:
0.74, 1.85; HR: 1.21 95% CI: 0.71–2.08). When examining PPI intensity of use, Lee at al. [19]
showed that the risk of gastric cancer was high when PPIs were taken in the highest dose
and for a longer duration (OR: 2.95, 95% CI: 1.23–7.90).

Our findings also showed an increased risk of gastric cancer (RR: 1.98, 95% CI: 1.31–
2.98, p = 0.001, I2 = 51.37, Q = 6.17, p = 0.10, n = 4) among the patients in the H. pylori
eradication group. Two studies showed the risk difference between male and female with
PPI therapy. The risk of gastric cancer was higher in female patients compared with male
patients (RRmale: 1.28 95% CI: 1.03–1.59, p = 0.02, I2 = 0, Q = 1.54, p = 0.46 and RRfemale:
1.42 95% CI: 0.88–2.29, p = 0.14, I2 = 79.42, Q = 9.72, p = 0.008). Furthermore, the effect
of duration on gastric cancer risk was also evaluated. The risk increased with a longer
duration (>3 years) of PPI use (2.27 95% CI: 1.11–4.65, p = 0.02, n = 3).

3.7. Publication Bias

We drew a funnel plot to assess publication bias (Figure 3) and the Egger’s test showed
evidence of substantial bias (p < 0.05).



Cancers 2022, 14, 3052 9 of 14

Figure 3. Funnel plot of the risk gastric cancer among patients with PPIs.

Therefore, we used the trim-and-fill method, which imputed three studies and gener-
ated a symmetrical funnel plot for gastric cancer risk (Figure 4). The RR for gastric cancer
was 1.40 (95 % CI, 1.31–1.50; p < 0.001) in the trim-and-fill method. However, correction for
potential publication bias thus did not change the association between PPIs use and gastric
cancer risk.

Figure 4. Filled funnel plot of gastric cancer among patients with PPIs.
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4. Discussion

Using observational studies, this updated meta-analysis assessed the association
between PPI use and the risk of gastric cancer, in a bias analysis, and evaluated the
robustness of observational associations to unmeasured confounding factors to calculate the
possibility of causality. The findings obtained from 13 observational studies show that users
of PPIs are at an 80% increased risk of gastric cancer (RR, 1.80 95% CI: 1.46–2.22) compared
with non-users. However, when we stratified based on the cumulative duration of PPI use,
long-term use (>3 years) of PPIs was also associated with an increased risk of gastric cancer.
In the subgroup analyses, the risk increased with the study design, number of participants,
adjusted factors (e.g., age and gender), and lag-time. There was significant heterogeneity
among studies, which may have originated in the various study designs, definitions
of PPI use, gastric cancer identification methods, and different potential confounding
factors adjusted. Moreover, included articles were from different regions, covering North
America, Europe, and Asia, involving individuals of various ethnicities (e.g., white, black),
demographic characteristics, and socioeconomic status. Because of the existence of potential
heterogeneity between studies, our findings should be considered with caution. Moreover,
the findings from the epidemiological studies (e.g., observational studies) were unable
to provide any information whether the possible association was causal or if there were
existing confounding factors. Although, for the included observational studies that adjusted
for age, gender, smoking and alcohol consumption status, GERD, and aspirin use, the use
of PPIs significantly increased the risk of gastric cancer.

In the subgroup analyses, we obtained a lower risk of gastric cancer among the
patients with PPIs for high-quality studies than that of moderate- and low-quality studies
because of the lack of adjustment of potential confounding factors in these two groups. The
findings from adjusted analyses and high-quality studies are more robust, comprehensive,
and accurately reflect actual effects. When stratified by region, PPIs showed an increased
association with the risk of gastric cancer in all subgroups; however, there was a significantly
higher risk of gastric cancer in patients from Asia. The effect of PPIs on gastric cancer can
be partially explained by the different races in this region. Previous studies reported the
variation of therapeutic response of PPIs because of genetic variability [29–31]. Another
four subgroup analyses also demonstrated that studies that were adjusted for age, gender,
GERD, and/or aspirin [32–34], which are considered to be potential confound factors of
gastric cancer development, had a higher risk than the unadjusted studies.

The findings of this updated meta-analysis are in line with four previously published
systematic review and meta-analyses [10,35–37]. Jiang et al. [10] included seven articles
with 943,070 patients. The pooled odd ratios show that long-term use of PPIs may possibly
increase the risk of gastric cancer (OR 2.50; 95% CI: 1.74–3.85). They were unable to assess
publication bias due to the small number of studies, and all studies were retrospective
in design. They suggested including more high-quality studies and assessing possible
confounding factors to confirm or refute the association. Tran-Duy et al. [35] assessed the
effects of PPI therapy on the risks of fundic gland polyps (FGPs) and gastric cancer risk
by including 12 studies (eight for FGPs and four for gastric cancer). The findings of their
study suggest that PPI therapy is positively associated with an increased risk of gastric
cancer. However, the evidence could be biased due to an insufficient amount of studies
and unmeasured confounding factors. Wan et al. [36] included seven observational studies,
comprising of 926,386 participants. The findings of their study highlighted that long-term
use of PPI led to an approximately two-fold increased risk for GC (OR 2.10; 95% CI 1.10–
3.09; I2 = 97.3%). Finally, Segna et al. [37] conducted a systematic review and meta-analysis,
including 13 observational studies with 1,662,881 participants. PPI use had a 1.94-fold
higher risk of gastric cancer compared with the non-PPI group. This association should
be taken cautiously because the included studies were highly heterogenous. However,
our study included a large number of studies and was explicitly designed to evaluate the
risk of gastric cancer for PPI users. We assessed the risk of gastric cancer by providing
various subgroup analyses (e.g., adjusted for variables such as age and gender) that helped
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to minimize potential confounding factors. Moreover, we tried to address previous studies’
limitations through carefully selecting studies and through numerous sensitivity analyses.

There are several biological factors that can be used to explain the association between
PPI use and gastric cancer (Table 3). The most likely hypothesis for increasing the risk
of gastric cancer among patients who use PPIs is hypergastrinaemia [38]. PPIs reduce
gastric acid secretion by blocking the H+/K+ ATPase of parietal cells [39], inducing an
increase an gastrin secretion from G-cells [40]. Gastrin has long been suspected to be a
potential risk factor of gastric cancer by ensuring hypergastrinemia. Previous biological
studies also reported a link between hypergastrinemia and gastric tumours [41–44]. The
second hypothesis is that H. pylori-related chronic gastritis and atrophy per se have a
potential effect on the gastric mucosa and gut microbiota [45,46]. Changing microbial
diversity accelerates the progression of gastric cancer [47]. The long-term use of PPIs
among patients with H. pylori infection may lead to a significant deterioration in gastritis
and increased risk of gastric cancer by triggering gastric inflammation and subsequent
neoplastic progression (Figure 5). Third, PPIs induce hypoacidity, which increase the
production of enterochromaffin-like cells (ECL cells). ECL cells are the key target cells of
gastrin in the oxyntic mucosa, and are associated with the expression of cholecystokinin-2
(CCK-2) receptors and the formation of neuroendocrine tumors (NETs) [48].

Figure 5. Biological mechanism of PPIs including gastric cancer (↑ = increase, ↓ = decrease).
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Table 3. Summary of biological studies that investigated the association between PPIs and gastric
cancer.

Drug Mechanism References

PPIs

Gastrin stimulated ECL cell proliferation [49–51]

Activating the JAK2/STAT3/PI3K/Akt pathway [52]

Stimulate the expression of EP2 and EP4 receptors, and upregulate
and increase the release of vascular endothelial growth factor [53]

This updated systematic review with a meta-analysis has several strengths. First, this
is the most comprehensive study to date to investigate the risk of gastric cancer among
patients with PPI therapy. Given the number of gastric cancer patients from different
continents, the broad subgroups, and the sensitivity analyses, this study has immense
potential to assess the risk of gastric cancer in patients on PPI treatment. There are several
limitations of this study that need to be addressed. First, we were unable to provide
information regarding individual PPI (e.g., omeprazole and pantoprazole) use and the risk
of gastric cancer. Previous studies showed that short-term treatment with amoxicillin and
omeprazole significantly reduced the risk of gastric cancer. Second, it was not possible
to stratify the risk of gastric cancer based on dosage, due to a lack of data. As PPIs have
proven beneficial effects for the management of the symptoms of several gastric conditions,
it is important to clarify the dose and the risk of gastric cancer. Third, the heterogeneity
among studies was very high; although this can be explained by the number of studies and
the variety of study designs.

5. Conclusions

The findings of this updated meta-analysis suggest that the risk of gastric cancer
is increased in patients treated with PPIs compared with patients not taking PPIs. The
findings are from a summary of observational studies, and PPIs have well-established
clinical benefits for patients. Therefore, physicians should regularly assess the actual
benefits for patients, especially patients with long-term PPI treatment for GERD. Our study
findings also highlight the necessity for long-term randomized controlled trials to evaluate
the risk of gastric cancer in patients treated with PPIs.

Author Contributions: Conceptualization, T.N.P. and Y.-C.L.; methodology, T.N.P.; software, T.N.P.;
validation, M.-C.L. and S.S.-A.; formal analysis, T.N.P.; investigation, Y.-C.L.; resources, C.-W.H. and
H.-C.Y.; data curation, T.N.P. and H.-C.Y.; writing—original draft preparation, T.N.P.; writing—review
and editing, Y.-C.L. All authors have read and agreed to the published version of the manuscript.

Funding: This research is sponsored in part by the Ministry of Science and Technology (MOST) under
grant MOST 111-2321-B-038-004 and MOST 110-2320-B-038-029-MY3, and the Higher Education
Sprout Project by the Ministry of Education (MOE DP2-111-21121-01-A-02) in Taiwan.

Acknowledgments: All authors are verified all contents and agreed to publish.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Poly, T.N.; Islam, M.; Yang, H.-C.; Li, Y.-C. Association between benzodiazepines use and risk of hip fracture in the elderly people:

A meta-analysis of observational studies. Jt. Bone Spine 2019, 87, 241–249. [CrossRef] [PubMed]
2. Shibli, F.; Kitayama, Y.; Fass, R. Novel Therapies for Gastroesophageal Reflux Disease: Beyond Proton Pump Inhibitors. Curr.

Gastroenterol. Rep. 2020, 22, 1–13. [CrossRef] [PubMed]
3. Kastelein, F.; Spaander, M.C.; Steyerberg, E.W.; Biermann, K.; Valkhoff, V.E.; Kuipers, E.J.; Bruno, M.J. Proton Pump Inhibitors

Reduce the Risk of Neoplastic Progression in Patients with Barrett’s Esophagus. Clin. Gastroenterol. Hepatol. 2012, 11, 382–388.
[CrossRef]

4. Hu, Q.; Sun, T.-T.; Hong, J.; Fang, J.-Y.; Xiong, H.; Meltzer, S.J. Proton Pump Inhibitors Do Not Reduce the Risk of Esophageal
Adenocarcinoma in Patients with Barrett’s Esophagus: A Systematic Review and Meta-Analysis. PLoS ONE 2017, 12, e0169691.
[CrossRef] [PubMed]

http://doi.org/10.1016/j.jbspin.2019.11.003
http://www.ncbi.nlm.nih.gov/pubmed/31778821
http://doi.org/10.1007/s11894-020-0753-y
http://www.ncbi.nlm.nih.gov/pubmed/32185589
http://doi.org/10.1016/j.cgh.2012.11.014
http://doi.org/10.1371/journal.pone.0169691
http://www.ncbi.nlm.nih.gov/pubmed/28072858


Cancers 2022, 14, 3052 13 of 14

5. Abrahami, D.; McDonald, E.G.; E Schnitzer, M.; Barkun, A.N.; Suissa, S.; Azoulay, L. Proton pump inhibitors and risk of colorectal
cancer. Gut 2021, 71, 111–118. [CrossRef] [PubMed]

6. Chang, T.-E.; Huang, Y.-S.; Perng, C.-L.; Huang, Y.-H.; Hou, M.-C. Use of proton pump inhibitors and the risk of hepatocellular
carcinoma: A systematic review and meta-analysis. J. Chin. Med. Assoc. 2019, 82, 756–761. [CrossRef] [PubMed]

7. Liu, P.; McMenamin, C.; Johnston, B.T.; Murchie, P.; Iversen, L.; Lee, A.J.; Vissers, P.A.J.; Cardwell, C.R. Use of proton pump
inhibitors and histamine-2 receptor antagonists and risk of gastric cancer in two population-based studies. Br. J. Cancer 2020, 123,
307–315. [CrossRef]

8. Shin, G.-Y.; Park, J.M.; Hong, J.; Cho, Y.K.; Yim, H.W.; Choi, M.-G. Use of Proton Pump Inhibitors vs Histamine 2 Receptor
Antagonists for the Risk of Gastric Cancer: Population-Based Cohort Study. Am. J. Gastroenterol. 2021, 116, 1211–1219. [CrossRef]

9. Lin, J.-L.; Lin, J.-X.; Zheng, C.-H.; Xie, J.-W.; Wang, J.-B.; Lu, J.; Chen, Q.-Y.; Cao, L.-L.; Lin, M.; Li, P.; et al. Long-term proton pump
inhibitor use and the incidence of gastric cancer: A systematic review and meta-analysis. J. Gastric Surg. 2020, 2, 1–11. [CrossRef]

10. Jiang, K.; Jiang, X.; Wen, Y.; Liao, L.; Liu, F. Relationship between long-term use of proton pump inhibitors and risk of gastric
cancer: A systematic analysis. J. Gastroenterol. Hepatol. 2019, 34, 1898–1905. [CrossRef]

11. Sheng, Z.; Jia, X.; Kang, M. Statin use and risk of Parkinson’s disease: A meta-analysis. Behav. Brain Res. 2016, 309, 29–34.
[CrossRef]

12. Peterson, J.; Welch, V.; Losos, M.; Tugwell, P. The Newcastle-Ottawa scale (NOS) for assessing the quality of nonrandomised
studies in meta-analyses. Ott. Ott. Hosp. Res. Inst. 2011, 2, 1–12.

13. Wells, G.A.; Shea, B.; O’Connell, D.; Peterson, J.; Welch, V.; Losos, M.; Tugwell, P. The Newcastle-Ottawa Scale (NOS) for Assessing
the Quality of Nonrandomised Studies in Meta-Analyses; Ottawa Hospital Research Institute: Ottawa, ON, Canada, 2000.

14. Poly, T.N.; Islam, M.M.; Yang, H.C.; Lin, M.C.; Jian, W.-S.; Hsu, M.-H.; Li, Y.-C.J. Obesity and Mortality Among Patients Diagnosed
With COVID-19: A Systematic Review and Meta-Analysis. Front. Med. 2021, 8, 620044. [CrossRef]

15. Islam, M.; Iqbal, U.; Walther, B.; Atique, S.; Dubey, N.K.; Nguyen, P.-A.; Poly, T.N.; Masud, J.H.B.; Li, Y.-C.; Shabbir, S.-A.
Benzodiazepine Use and Risk of Dementia in the Elderly Population: A Systematic Review and Meta-Analysis. Neuroepidemiology
2016, 47, 181–191. [CrossRef]

16. Cumpston, M.; Li, T.; Page, M.J.; Chandler, J.; Welch, V.A.; Higgins, J.P.; Thomas, J. Updated guidance for trusted systematic
reviews: A new edition of the Cochrane Handbook for Systematic Reviews of Interventions. Cochrane Database Syst. Rev. 2019, 10,
14651858. [CrossRef]

17. Egger, M.; Smith, G.D.; Phillips, A.N. Meta-analysis: Principles and procedures. BMJ 1997, 315, 1533–1537. [CrossRef]
18. 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]

19. Lee, J.K.; Merchant, S.A.; Schneider, J.L.; Jensen, C.D.; Fireman, B.H.; Quesenberry, C.P.; Corley, D.A. Proton pump inhibitor use
and risk of gastric, colorectal, liver, and pancreatic cancers in a community-based population. Off. J. Am. Coll. Gastroenterol. ACG
2020, 115, 706–715. [CrossRef]

20. Lai, S.-W.; Lai, H.-C.; Lin, C.-L.; Liao, K.-F. Proton pump inhibitors and risk of gastric cancer in a case–control study. Gut 2018, 68,
765–767. [CrossRef]

21. Peng, Y.-C.; Huang, L.-R.; Lin, C.-L.; Hsu, W.-Y.; Chang, C.-S.; Yeh, H.-Z.; Kao, C.-H. Association between proton pump inhibitors
use and risk of gastric cancer in patients with GERD. Gut 2018, 68, 374–376. [CrossRef]

22. Cheung, K.S.; Chan, E.W.; Wong, A.Y.S.; Chen, L.; Wong, I.C.K.; Leung, W.K. Long-term proton pump inhibitors and risk of
gastric cancer development after treatment for Helicobacter pylori: A population-based study. Gut 2017, 67, 28–35. [CrossRef]
[PubMed]

23. Brusselaers, N.; Wahlin, K.; Engstrand, L.; Lagergren, J. Maintenance therapy with proton pump inhibitors and risk of gastric
cancer: A nationwide population-based cohort study in Sweden. BMJ Open 2017, 7, e017739. [CrossRef] [PubMed]

24. Poulsen, A.H.; Christensen, S.; McLaughlin, J.K.; Thomsen, R.; Sørensen, H.T.; Olsen, J.H.; Friis, S. Proton pump inhibitors and
risk of gastric cancer: A population-based cohort study. Br. J. Cancer 2009, 100, 1503–1507. [CrossRef]

25. Niikura, R.; Hayakawa, Y.; Hirata, Y.; Yamada, A.; Fujishiro, M.; Koike, K. Long-term proton pump inhibitor use is a risk factor of
gastric cancer after treatment for Helicobacter pylori: A retrospective cohort analysis. Gut 2017, 67, 1908–1910. [CrossRef] [PubMed]

26. Tamim, H.; Duranceau, A.; Chen, L.-Q.; LeLorier, J. Association Between Use of Acid-Suppressive Drugs and Risk of Gastric
Cancer. Drug Saf. 2008, 31, 675–684. [CrossRef] [PubMed]

27. Rodríguez, L.A.G.; Lagergren, J.; Lindblad, M. Gastric acid suppression and risk of oesophageal and gastric adenocarcinoma: A
nested case control study in the UK. Gut 2006, 55, 1538–1544. [CrossRef]

28. Abrahami, D.; McDonald, E.G.; E Schnitzer, M.; Barkun, A.N.; Suissa, S.; Azoulay, L. Proton pump inhibitors and risk of gastric
cancer: Population-based cohort study. Gut 2021, 71, 16–24. [CrossRef] [PubMed]

29. El Rouby, N.; Lima, J.J.; Johnson, J.A. Proton pump inhibitors: From CYP2C19 pharmacogenetics to precision medicine. Expert
Opin. Drug Metab. Toxicol. 2018, 14, 447–460. [CrossRef]

30. Hagymási, K.; Müllner, K.; Herszényi, L.; Tulassay, Z. Update on the pharmacogenomics of proton pump inhibitors. Pharmacoge-
nomics 2011, 12, 873–888. [CrossRef]

31. Shi, S.; Klotz, U. Proton pump inhibitors: An update of their clinical use and pharmacokinetics. Eur. J. Clin. Pharmacol. 2008, 64,
935–951. [CrossRef]

http://doi.org/10.1136/gutjnl-2021-325096
http://www.ncbi.nlm.nih.gov/pubmed/34210775
http://doi.org/10.1097/JCMA.0000000000000157
http://www.ncbi.nlm.nih.gov/pubmed/31335628
http://doi.org/10.1038/s41416-020-0860-4
http://doi.org/10.14309/ajg.0000000000001167
http://doi.org/10.36159/jgs.v2i1.17
http://doi.org/10.1111/jgh.14759
http://doi.org/10.1016/j.bbr.2016.04.046
http://doi.org/10.3389/fmed.2021.620044
http://doi.org/10.1159/000454881
http://doi.org/10.1002/14651858.ED000142
http://doi.org/10.1136/bmj.315.7121.1533
http://doi.org/10.1136/gutjnl-2020-323845
http://doi.org/10.14309/ajg.0000000000000591
http://doi.org/10.1136/gutjnl-2018-316371
http://doi.org/10.1136/gutjnl-2018-316057
http://doi.org/10.1136/gutjnl-2017-314605
http://www.ncbi.nlm.nih.gov/pubmed/29089382
http://doi.org/10.1136/bmjopen-2017-017739
http://www.ncbi.nlm.nih.gov/pubmed/29084798
http://doi.org/10.1038/sj.bjc.6605024
http://doi.org/10.1136/gutjnl-2017-315710
http://www.ncbi.nlm.nih.gov/pubmed/29273641
http://doi.org/10.2165/00002018-200831080-00004
http://www.ncbi.nlm.nih.gov/pubmed/18636786
http://doi.org/10.1136/gut.2005.086579
http://doi.org/10.1136/gutjnl-2021-325097
http://www.ncbi.nlm.nih.gov/pubmed/34226290
http://doi.org/10.1080/17425255.2018.1461835
http://doi.org/10.2217/pgs.11.4
http://doi.org/10.1007/s00228-008-0538-y


Cancers 2022, 14, 3052 14 of 14

32. Farrow, D.C.; Vaughan, T.L.; Sweeney, C.; Gammon, M.D.; Chow, W.-H.; Risch, H.A.; Stanford, J.L.; Hansten, P.D.; Mayne, S.T.;
Schoenberg, J.B.; et al. Gastroesophageal reflux disease, use of H2 receptor antagonists, and risk of esophageal and gastric cancer.
Cancer Causes Control 2000, 11, 231–238. [CrossRef]

33. Yang, P.; Zhou, Y.; Chen, B.; Wan, H.-W.; Jia, G.-Q.; Bai, H.-L.; Wu, X.-T. Aspirin Use and the Risk of Gastric Cancer: A
Meta-Analysis. Am. J. Dig. Dis. 2009, 55, 1533–1539. [CrossRef]

34. Roder, D.M. The epidemiology of gastric cancer. Gastric Cancer 2002, 5, 5–11. [CrossRef]
35. Tran-Duy, A.; Spaetgens, B.; Hoes, A.W.; de Wit, N.J.; Stehouwer, C.D. Use of Proton Pump Inhibitors and Risks of Fundic Gland

Polyps and Gastric Cancer: Systematic Review and Meta-analysis. Clin. Gastroenterol. Hepatol. 2016, 14, 1706–1719.e5. [CrossRef]
36. Wan, Q.-Y.; Wu, X.-T.; Li, N.; Du, L.; Zhou, Y. Long-term proton pump inhibitors use and risk of gastric cancer: A meta-analysis of

926,386 participants. Gut 2018, 68, 762–764. [CrossRef]
37. Segna, D.; Brusselaers, N.; Glaus, D.; Krupka, N.; Misselwitz, B. Association between proton-pump inhibitors and the risk of

gastric cancer: A systematic review with meta-analysis. Ther. Adv. Gastroenterol. 2021, 14, 1–13. [CrossRef]
38. Lundell, L.; Vieth, M.; Gibson, F.; Nagy, P.; Kahrilas, P.J. Systematic review: The effects of long-term proton pump inhibitor use on

serum gastrin levels and gastric histology. Aliment. Pharmacol. Ther. 2015, 42, 649–663. [CrossRef]
39. Joo, M.K.; Park, J.-J.; Chun, H.J. Proton pump inhibitor: The dual role in gastric cancer. World J. Gastroenterol. 2019, 25, 2058–2070.

[CrossRef]
40. Dacha, S.; Razvi, M.; Massaad, J.; Cai, Q.; Wehbi, M. Hypergastrinemia. Gastroenterol. Rep. 2015, 3, 201–208. [CrossRef]
41. Betton, G.R.; Dormer, C.S.; Wells, T.; Pert, P.; Price, C.A.; Buckley, P. Gastric ECL-Cell Hyperplasia and Carcinoids in Rodents

Following Chronic Administration of H2-Antagonists SK&F 93479 and Oxmetidine and Omeprazole. Toxicol. Pathol. 1988, 16,
288–298. [CrossRef]

42. Freston, J. Clinical Significance of Hypergastrinaemia: Relevance to Gastrin Monitoring During Omeprazole Therapy. Digestion
1992, 51, 102–114. [CrossRef] [PubMed]

43. Kidd, M.; Tang, L.H.; Modlin, I.M.; Zhang, T.; Chin, K.; Holt, P.R.; Moss, S.F. Gastrin-Mediated Alterations in Gastric Epithelial
Apoptosis and Proliferation in a Mastomys Rodent Model of Gastric Neoplasia. Digestion 2000, 62, 143–151. [CrossRef] [PubMed]

44. Henwood, M.; Clarke, P.; Smith, A.M.; A Watson, S. Expression of gastrin in developing gastric adenocarcinoma. Br. J. Surg. 2001,
88, 564–568. [CrossRef] [PubMed]

45. Seto, C.T.; Jeraldo, P.; Orenstein, R.; Chia, N.; DiBaise, J.K. Prolonged use of a proton pump inhibitor reduces microbial diversity:
Implications for Clostridium difficile susceptibility. Microbiome 2014, 2, 42. [CrossRef]

46. Imhann, F.; Bonder, M.J.; Vila, A.V.; Fu, J.; Mujagic, Z.; Vork, L.; Tigchelaar, E.F.; Jankipersadsing, S.A.; Cenit, M.C.; Harmsen,
H.J.M.; et al. Proton pump inhibitors affect the gut microbiome. Gut 2016, 65, 740–748. [CrossRef]

47. Wroblewski, L.E.; Peek, R.M.; Coburn, L.A. The Role of the Microbiome in Gastrointestinal Cancer. Gastroenterol. Clin. N. Am.
2016, 45, 543–556. [CrossRef]

48. Waldum, H.L.; Sørdal, Ø.; Fossmark, R. Proton pump inhibitors (PPIs) may cause gastric cancer–clinical consequences. Scand. J.
Gastroenterol. 2018, 53, 639–642. [CrossRef]

49. Havu, N. Enterochromaffin-Like Cell Carcinoids of Gastric Mucosa in Rats after Life-Long Inhibition of Gastric Secretion.
Digestion 1986, 35, 42–55. [CrossRef]

50. Larsson, H.; Håkanson, R.; Mattsson, H.; Ryberg, B.; Sundler, F.; Carlsson, E. Omeprazole: Its Influence on Gastric Acid Secretion,
Gastrin and ECL Cells. Toxicol. Pathol. 1988, 16, 267–272. [CrossRef]

51. Mattsson, H.; Havu, N.; Bräutigam, J.; Carlsson, K.; Lundell, L.; Carlsson, E. Partial gastric corpectomy results in hypergastrinemia
and development of gastric enterochromaffinlike-cell carcinoids in the rat. Gastroenterology 1991, 100, 311–319. [CrossRef]

52. Shin, V.Y.; Jin, H.; Ng, E.K.O.; Chu, K.-M.; Cho, C.H.; Leung, W.K.; Sung, J.J.Y. 4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanone
promoted gastric cancer growth through prostaglandin E receptor (EP2 and EP4) in vivo and in vitro. Cancer Sci. 2011, 102,
926–933. [CrossRef]

53. Song, H.; Zhu, J.; Lu, D. Long-term proton pump inhibitor (PPI) use and the development of gastric pre-malignant lesions.
Cochrane Database Syst. Rev. 2014, 12, CD010623. [CrossRef]

http://doi.org/10.1023/A:1008913828105
http://doi.org/10.1007/s10620-009-0915-0
http://doi.org/10.1007/s10120-002-0203-6
http://doi.org/10.1016/j.cgh.2016.05.018
http://doi.org/10.1136/gutjnl-2018-316416
http://doi.org/10.1177/17562848211051463
http://doi.org/10.1111/apt.13324
http://doi.org/10.3748/wjg.v25.i17.2058
http://doi.org/10.1093/gastro/gov004
http://doi.org/10.1177/019262338801600222
http://doi.org/10.1159/000200923
http://www.ncbi.nlm.nih.gov/pubmed/1397739
http://doi.org/10.1159/000007806
http://www.ncbi.nlm.nih.gov/pubmed/11025361
http://doi.org/10.1046/j.1365-2168.2001.01716.x
http://www.ncbi.nlm.nih.gov/pubmed/11298626
http://doi.org/10.1186/2049-2618-2-42
http://doi.org/10.1136/gutjnl-2015-310376
http://doi.org/10.1016/j.gtc.2016.04.010
http://doi.org/10.1080/00365521.2018.1450442
http://doi.org/10.1159/000199381
http://doi.org/10.1177/019262338801600220
http://doi.org/10.1016/0016-5085(91)90197-S
http://doi.org/10.1111/j.1349-7006.2011.01885.x
http://doi.org/10.1002/14651858.CD010623.pub2

	Introduction 
	Methods 
	Data Sources 
	Eligibility Criteria 
	Data Extraction 
	Risk of Bias Assessment 
	Statistical Analysis 

	Results 
	Study Selection 
	Characteristics of the Included Studies 
	Assessment of Risk Bias 
	PPI Use and the Risk of Gastric Cancer 
	Subgroup Analysis 
	Sensitivity Analysis 
	Publication Bias 

	Discussion 
	Conclusions 
	References

