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Introduction
Gastric cancer (GC) is one of the most frequent 
cancers worldwide with more than 1 million new 
patients per year, constituting 5.7% of all cancer 
cases worldwide.1 Mortality of GC remains high 
with >780,000 deaths annually, corresponding to 
8.2% of all cancer-related deaths.1 Common GC 
risk factors are manifold and include environ-
mental factors such as Helicobacter pylori (HP) 

infections, dietary habits, smoking and obesity, 
precursor lesions such as atrophic gastritis and 
intestinal metaplasia, and host-related factors.2–5 
Nevertheless, there is a decreasing trend in life-
time GC incidence possibly related to a lower 
burden of HP infection.6

Proton-pump inhibitors (PPI) are one of the most 
frequently prescribed drugs worldwide7 and 
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Abstract
Introduction: The use of proton-pump inhibitors (PPI) may be associated with an increased 
risk of gastric cancer (GC).
Objective: To review and meta-analyse available literature investigating the association 
between PPI use and GC risk.
Methods: Two independent reviewers systematically searched Ovid MEDLINE, EMBASE, 
and Cochrane Library (inception to July 2020) for case-control and cohort studies assessing 
the association between PPI use and GC according to a predefined protocol in PROSPERO 
(CRD42018102536). Reviewers independently assessed study quality, extracted data, and 
meta-analysed available and newly calculated odds ratios (ORs) using a random-effects 
model, and stratified for GC site (cardia versus non-cardia) and PPI duration (<1 year, 1–3 
years, >3 years).
Results: We screened 2,396 records and included five retrospective cohort and eight case-
control studies comprising 1,662,881 individuals in our meta-analysis. In random-effect 
models, we found an increased GC risk in PPI users [OR: 1.94, 95% confidence interval (95% 
CI): 1.47–2.56] with high statistical heterogeneity (I2 = 82%) and overall moderate risk of bias. 
Stratified analyses indicated a significant risk increase in non-cardia (OR: 2.20, 95% CI: 1.44–
3.36, I2 = 77%) with a similar non-significant trend in cardia regions (OR: 1.77, 95% CI: 0.72–
4.36, I2 = 66%). There was no GC increase with longer durations of PPI exposure (<1 year: OR: 
2.29, 95% CI: 2.13–2.47, I2 = 0%; 1–3 years: OR: 1.46, 95% CI: 0.53–4.01, I2 = 35%; >3 years: OR: 
2.08, 95% CI: 0.56–7.77, I2 = 61%).
Conclusion: We found a twofold increased GC risk among PPI users, but this association does 
not confirm causation and studies are highly heterogeneous. PPI should only be prescribed 
when strictly indicated.
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considered relatively safe. However, previous 
meta-analyses8–13 of mostly large retrospective 
cohort and case-control studies found a signifi-
cant association between PPI use and an up to 
2.5-fold increased GC risk across very heteroge-
neous study populations and PPI indications. 
Despite all potential limitations of retrospective 
studies, there is an urgent need for further inves-
tigation. Due to new evidence from Sweden,14 
Taiwan,15 the United States,16 and the United 
Kingdom17 since the last meta-analyses, we per-
formed an updated systematic literature review 
and meta-analysis.

Materials and methods

Data sources and search strategy
We conducted this systematic literature review 
according to a predefined protocol in PROSPERO, 
an international prospective register of systematic 
reviews (CRD42018102536) and adhered to the 
Preferred Reporting Items for Systematic Reviews 
and Meta-analysis (PRISMA statement).18

We developed search strategies for EMBASE, 
Ovid MedLine, and the Cochrane Library 
(Supplemental Appendix Figure 1), searched all 
databases from inception until 18 July 2020, and 
screened bibliographies of included records for 
additional publications.

Study selection, quality assessment,  
and data extraction
We screened titles and abstracts according to pre-
defined eligibility criteria. We included cohort and 
case-control studies in any language assessing the 
association between PPI use and GC risk compris-
ing individuals with a considerable PPI use and a 
control group with no or only rare PPI use. 
Moreover, we extracted burden of PPI exposure by 
any measure of duration, frequency, and dosage.

The primary outcome of our study was the risk of 
incident GC at any location. Whenever possible, 
we extracted adjusted odds ratio (OR) and respec-
tive 95% confidence interval (CI), as adjusted OR 
was the most frequent effect size in our included 
studies. In case only other point estimates, such 
as HR, standardized incidence ratios (SIRs), and 
RR were available, we extracted all necessary raw 
data to calculate the unadjusted OR. In case of 
missing or incomplete information, we contacted 

authors for additional information on the expo-
sure and outcome definitions, distribution of 
exposure, GC cases, and controls. Only one 
potentially eligible study could not be considered 
in our meta-analysis after full-text review due to 
missing raw data to calculate OR and no response 
after contacting the corresponding author.19

We excluded studies on other malignant gastric 
tumours (i.e. mucosa-associated lymphatic tissue 
lymphoma, gastrointestinal stromal, and neu-
roendocrine tumours) or gastric manifestations 
from other malignancies such as hematologic 
neoplasms, as well as those with exclusively pae-
diatric populations (<18 years). Finally, cross-
sectional studies, case reports, and pooled 
estimates from meta-analyses were excluded; 
however, suitable individual studies from meta-
analyses were considered.

Two independent reviewers (D.S., D.G. or B.M.) 
screened titles and abstracts. Consensus for 
emerging discrepancies between reviewers was 
achieved after discussion with a senior author 
(B.M.). The inter-observer agreement regarding 
study inclusion was good for the screening of 
abstracts and titles (kappa = 0.87) and excellent 
for full-text articles (kappa = 1). A reviewer (D.S.) 
extracted data on a standardized form followed 
by verification by the other reviewers (N.K., 
B.M.). Two independent reviewers (D.S., B.M.) 
assessed study quality using a tool for assessing 
risk of bias in non-randomized studies of inter-
ventions (ROBINS-I).20 Different bias domains 
(confounding, selection of study participants, 
classification of interventions, deviation from 
intended interventions, missing data, outcome 
measurements, selection of reported results) were 
analysed for every individual study. The risk of 
bias for every domain and the whole study was 
estimated according to predefined questions and 
classified as ‘low’, ‘moderate’, ‘serious’, and ‘crit-
ical’ according to published instructions in the 
Cochrane Handbook for Systematic Reviews of 
Interventions version 6.2.21

Ethical considerations
This meta-analysis included only anonymised 
patient data upon informed written consent from 
published cohort and case-control studies 
approved by their respective institutional review 
boards complying with the 1975 Declaration of 
Helsinki.
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Statistical approach
All calculations were performed using R version 
4.0.4 and the package ‘meta’ version 4.19-0.22 
For our meta-analysis, we extracted adjusted OR 
and respective 95% CI and calculated new unad-
justed OR in case of different point estimates (see 
above). Consequently, we calculated pooled OR 
by random-effect models using inverse variance 
weights and the Hartung–Knapp–Sidik–Jonkman 
(HKSJ) method.23–26 As an additional approach, 
we calculated pooled OR from provided raw 
binary outcome data by random-effect models 
using the Mantel–Haenszel and HKSJ methods. 
Heterogeneity between studies was assessed by 
means of I2 statistics. We chose a random-effects 
approach due to an expected high heterogeneity 
and disproportional weight of a single study with 
a very high number of participants27 in an experi-
mental fixed effects model.

In addition, we performed stratified analysis for 
study design (case-control versus retrospective 
cohort studies), GC site (cardia/proximal GC ver-
sus non-cardia/distal GC), and duration of PPI 
intake (<1 year, 1–3 years, >3 years).

Moreover, we calculated the pooled prevalence of 
GC among PPI users and non-users in five retro-
spective cohort studies.17,28–31

Finally, we assessed the risk of publication bias 
using Egger’s test.32

Results

General characteristics of included studies
We identified 2,396 records during initial screen-
ing. After exclusion of 397 duplicates, 1,966 arti-
cles based on titles and abstracts, and 19 articles 
after full-text review, 14 studies remained for the 
qualitative synthesis (Supplemental Appendix 
Figure 2). Baseline characteristics of the individ-
ual studies are presented in Table 1. One large 
Danish case-control study19 did not provide suf-
ficient information to be included in our meta-
analysis; however, it was considered in the 
qualitative synthesis.

Our final meta-analysis summarizes eight case-
control15–17,27,33–35,37 and five retrospective cohort 
studies17,28–31 with an overall population of 
1,662,881 individuals from Europe (Denmark, 

Sweden, United Kingdom), Canada, United 
States, and Asia (Hongkong, Japan, Taiwan).

Three studies17,19,28 assessed GC risk in relation 
to the number of PPI prescriptions, three studies 
according to the number of defined daily doses 
(DDDs)16,17,34; five studies reported the duration 
of PPI use,14,16,17,29,31,33 among those one study 
with additional information on PPI frequency.31 
The five remaining studies did not provide 
detailed analyses either on PPI frequency, dos-
age, or duration.15,27,30,34,37

In two studies,14,28,29 there was no information on 
the proportion of cases and controls in unexposed 
individuals. Thus, we re-defined the PPI-unexposed 
group as individuals on histamine 2 receptor 
blocker (H2RA). In the Swedish cohort, updated 
PPI exposure and GC data14 were combined with 
the H2RA population in the original paper29 for the 
main analysis and the stratified analyses by PPI 
duration. Eight studies14,15,19,28,29,31,33,35,34 defined 
GC by localization according to International 
Classification of Disease (ICD) codes, three  
studies29,33,37 provided information on GC histol-
ogy; however, one of those without ICD codes.37 
Three studies did not specify the diagnostic crite-
ria for GC.27,30,36

Results from the quality assessment
The methodological quality of studies using the 
ROBINS-I tool20 varied with an overall low risk 
of bias in 1 study,14,29 moderate risk in 11 stud-
ies15–17,27,28,31,33–35,37 and severe risk in 1 study30 
(Supplemental Appendix Table 1). Egger’s test32 
showed a significant risk of publication bias 
(intercept: 3.98, 95% CI: 2.46–5.50, p < 0.01).

Results from quantitative analyses
Association between GC and PPI use.  Our meta-
analysis of all 13 studies15–17,27–31,33–35,37 indicated 
an increased GC risk in PPI users (OR: 1.94, 
95% CI: 1.47–2.56, I2 = 82%, p < 0.01) in ran-
dom-effect models (Figure 1). The pooled GC 
prevalence of five retrospective cohort stud-
ies17,28–31 was 0.6% (95% CI: 0.1–4%) among 
PPI users and 0.2% (95% CI: 0.04–1%) among 
non-users, both with high statistical heterogeneity 
(I2 = 99%, p < 0.01, Supplemental Appendix Fig-
ure 4). On a study level, Niikura et al.30 report a 
GC prevalence rate of 11% among PPI users, 
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which is 22-fold higher than in another Asian collec-
tive from Hong Kong31 (0.5%). Our secondary 
analysis using newly calculated unadjusted OR from 
raw binary outcome data from all 13 stud-
ies15–17,27–31,33–35,37 yielded similar results (OR: 2.05, 
95% CI: 1.54–2.64, I2 = 91%, p < 0.01). Stratified 
analyses according to study design showed a higher 
GC risk estimate in the five included retrospective 
cohort studies17,28–31 (OR: 2.76, 95% CI: 1.56–4.88, 
I2 = 63%, p = 0.03) than in the eight included case-
control studies15–17,27,33–35,37 (OR: 1.59, 95% CI: 
1.23–2.05, I2 = 81%, p < 0.01, Supplemental 
Appendix Figure 3).

Association between GC and PPI use according to 
GC site.  Seven out of 13 studies contributed to a 
stratified meta-analysis according to GC 
site.17,27,29,33–35,37 There was a significant risk 
increase in non-cardia GC (OR: 2.20, 95% CI: 
1.44–3.36, I2 = 77%) with a non-significant trend 
towards an increased risk in the cardia (OR: 1.77, 
95% CI: 0.72–4.36, I2 = 66%, Figure 2).

Association between GC and PPI use according to 
PPI duration.  Overall, 3 out of 13 studies14,29,31,33 
could be meta-analysed for the duration of PPI 
intake. There was no trend for a duration-depen-
dent effect of PPI use (<1 year: OR: 2.29, 95% 
CI: 2.13–2.47, I2 = 0%, p = 0.97; 1–3 years: OR: 
1.46, 95% CI: 0.53–4.01, I2 = 35%, p = 0.21; >3 

years: OR: 2.08, 95% CI: 0.56–7.77, I2 = 61%, 
p = 0.08; Figure 3).

Results from qualitative analyses
GC risk according to location: non-cardia versus 
cardia.  A meta-analysis regarding location-
dependent GC risk was not possible, as most 
studies did not provide stratified information 
regarding GC location. Two additional studies 
could not contribute to the stratified meta-analy-
sis according to GC site due to missing informa-
tion.19,31 While a retrospective cohort study from 
Hong Kong31 found a significant GC risk increase 
for PPI users in the non-cardia (HR: 2.56, 95% 
CI: 1.46–4.49), but not cardia region (HR: 1.24, 
95% CI: 0.35–4.34), a large Danish case-control 
study19 obtained a significant risk increase in both 
regions (non-cardia GC: HR: 4.68, 95% CI: 
4.14–5.29; cardia GC: HR: 2.51, 95% CI: 
2.26–2.79).

GC risk according to age and sex.  Two studies pro-
vided analyses accounting for age and sex.15,29 
Stratified meta-analyses according to age and sex 
were not feasible due to missing data in the Tai-
wanese study,15 which precludes the calculation of 
an OR with a meta-analysis. In a large retrospec-
tive Swedish cohort,29 the highest relative GC risk 
was found in PPI users < 40 years (SIR: 22.76, 

Figure 1.  Association between PPI use and GC risk.
CI: confidence interval; GC: gastric cancer; I2: percentage of variance attributable to study heterogeneity, Inf: infinity; OR: 
odds ratio; p: p value; PPI: proton-pump inhibitors; seTE: standard error of the treatment effect; τ2: variance of the effect 
size parameters across included studies; TE: treatment effect. OR and 95% CI directly extracted from full text14,15,24,26,28,29,33 
or newly calculated from extracted data.12,13,15,27,30–32,37
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95% CI: 15.94–31.52), whereas relative GC risk 
was lowest in those >70 years (SIR: 2.76, 95% 
CI: 2.61–2.92). The relative GC risk was signifi-
cantly higher in male (SIR: 3.65, 95% CI: 3.45–
3.85) than in female PPI users (SIR: 3.07, 95% 
CI: 2.87–3.28). In contrast, a Taiwanese case-
control study15 found no inter-sex difference in 
GC risk among PPI users (OR: 0.98, 95% CI: 
0.77–1.25) and no GC risk increase with increas-
ing life years (OR: 1.00, 95% CI: 0.99–1.01). In 
the analysis of two British databases,17 there was 
no significantly increased GC risk in males and 
females after full adjustment in the United King-
dom Biobank (male: HR: 1.14, 95% CI: 0.70–
1.87; female: HR: 1.73, 95% CI: 0.86–3.45), 
whereas the Primary Care Clinical Informatics 
Unit (PCCIU) database showed a significantly 
increased GC risk in women, but not men (male: 
OR: 1.26, 95% CI: 0.97–1.62; female: OR: 1.84, 
95% CI: 1.38–2.47).

GC risk according to frequency and intensity of PPI 
use.  No meta-analysis was feasible for frequency 
and intensity of PPI use due to very heteroge-
neous quantifications and stratifications of PPI 
intake ranging from number of prescrip-
tions,17,19,28 DDD16,17,34 to insufficient or no defi-
nition.15,27,30,34,37 For instance, Liu et  al.17 used 
other subgroup cut-offs for daily dosages per year 
in the PCCI cohort (1–183, 184–365, 366–1095, 
⩾1096) than Tamim et al.34 (0–41, 42–119, 120–
479, >480 daily dosages per year). Lee et  al.36 
provided only mean daily dosages (0.75, 0.76–
1.49, >1.5) without referring to a yearly dosage, 
so that a valid meta-analysis of these heteroge-
neous dosage units was not feasible. In contrast to 
the meta-analysis by Jiang et  al.,10 we did not 
include Poulsen et al.28 because the authors pro-
vided stratified analyses for the length of follow-
up (with different time frames), but not for the 
duration of PPI intake.

Figure 2.  Association between PPI use and GC risk stratified by GC site.
CI: confidence interval; GC: gastric cancer; I2: percentage of variance attributable to study heterogeneity, Inf: infinity; OR: 
odds ratio; p: p value; PPI: proton-pump inhibitors; seTE: standard error of the treatment effect; τ2: variance of the effect 
size parameters across included studies; TE: treatment effect. OR and 95% CI directly extracted from full text,24,26–29 original 
publication by Brusselaers et al.,31 or newly calculated from extracted data.15
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Nevertheless, some individual studies deserve 
special attention. Cheung et al.31 stratified for PPI 
frequency in context with duration. Only daily 
PPI intake was significantly associated with an 
increased GC risk during a prescription period of 
at least 1 year (HR: 5.04, 95% CI: 1.23–20.61), 2 
years (HR: 6.65, 95% CI: 1.62–27.26), and 3 
years (HR: 8.34, 95% CI: 2.02–34.41). On the 
contrary, weekly and less than daily PPI intake 
did not significantly alter GC risk.

The retrospective cohort study by Poulsen et al.28 
found a trend towards a slightly increased GC 
risk with rising number of prescriptions; however, 
this effect was significant only in the subgroup 
with at least 15 prescriptions (incidence rate ratio: 

2.1, 95% CI: 1.0–4.7). Furthermore, a Danish 
case-control study19 found a gradually increasing 
GC risk with rising number of prescriptions (1–4 
prescriptions: HR: 1.91, 95% CI: 1.64–2.22; 
⩾15 prescriptions: HR: 3.56, 95% CI: 2.82–4.46) 
in the cardia but not in other regions. In the 
PCCIU database, Liu et  al.17 found the highest 
GC risk increase in PPI users with the lowest 
DDD and numbers of PPI prescriptions (1–183 
DDD versus non-users: OR: 1.84, 95% CI: 1.43–
2.38; 1–6 prescriptions: OR: 1.85, 95% CI: 1.44–
2.37), whereas this effect mitigated to the highest 
DDD and numbers of PPI prescriptions (⩾1096 
DDD versus non-users: OR: 1.30, 95% CI: 0.91–
1.85; ⩾ 36 prescriptions versus non-users: OR: 
0.97, 95% CI: 0.64–1.47). This trend was 

Figure 3.  Association between PPI use and GC risk stratified by duration of PPI use.
CI: confidence interval; GC: gastric cancer; I2: percentage of variance attributable to study heterogeneity, Inf: infinity; OR: 
odds ratio; p: p value; PPI: proton pump inhibitors; seTE: standard error of the treatment effect; τ2: variance of the effect size 
parameters across included studies; TE: treatment effect. OR and 95%-CI derived from extracted raw data.12,27,31,37
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significant for DDD (p for trend = 0.02), but not 
for the number of prescriptions (p for 
trend = 0.07).

GC risk according to HP infection status.  The lit-
erature summarized in our review is highly het-
erogeneous regarding the consideration of HP 
infection status; hence, no meta-analysis was pos-
sible. Brusselaers et  al.29 showed a substantially 
increased relative GC risk in PPI users with HP 
infection (SIR: 9.76, 95% CI: 8.87–10.71) com-
pared with other PPI indications (SIR: 3.55, 95% 
CI: 3.27–3.86). Two studies30,31 specifically 
included individuals after HP eradication; there-
fore, a direct intra-study assessment of HP effects 
was impossible. However, there was no evidence 
of stronger PPI effects than in the other studies. 
Wennerstrom et al.19 conducted a sensitivity anal-
ysis showing no difference in effect size upon cen-
soring patients at the time of HP eradication. 
Poulsen et  al.28 incorporated HP infections as a 
confounder in their multivariate analysis, but the 
change in effect size could not be compared as 
unadjusted results were lacking.

Discussion
In our meta-analysis, we found a significant two-
fold increased overall risk of GC of PPI users 
compared with controls. Stratification according 
to GC site indicated a significantly increased non-
cardia GC risk while there was a non-significant 
trend towards an increased cardia GC risk. 
Because the adenocarcinoma of the cardia and 
distal oesophagus are sometimes difficult to dis-
criminate due to the overlapping pattern of local 
expansion, an accurate classification can be diffi-
cult also in epidemiologic studies.38,39 Due to dif-
ferent risk factors for adenocarcinoma at 
proximally or distally to oesophago-gastric junc-
tion,40 an accurate identification of risk factors at 
this site is challenging. In our meta-analysis, the 
true effect of PPI to the carcinogenesis of cardiac 
GC may be weakened by the treatment of gastro-
oesophageal reflux, which represents a common 
risk factor for distal oesophageal adenocarcinoma. 
However, there was no clear duration-dependent 
risk increase in PPI users with discrepant results 
in individual studies.

Our meta-analysis includes global evidence from 
five retrospective cohorts/registries and eight 
case-control studies with an overall population of 
1,662,881 individuals. Most studies14–17,19,27–29,31,33–35 
used large populations from national and regional 

databases in Asia, Europe, and North America, 
which increases generalizability. In comparison 
with the latest meta-analyses10–13 including up to 
eight studies on the association between PPI use 
and GC risk, we could include five additional 
studies and more than 500,000 additional 
patients. This enabled more robust stratified 
analyses according to GC site and standardized 
time frames for PPI duration compared with pre-
vious meta-analyses. Two recent meta-analyses 
deserve special mention. Lin et al.12 included only 
a fraction of our studies (eight instead of 13 stud-
ies in our meta-analysis) with a literature search 
in 2018. The same applies to the stratified analy-
sis according to GC site where they meta-ana-
lysed five studies compared with seven studies in 
our updated meta-analysis. In addition, this 
meta-analysis has some methodological short-
comings: Stratified analyses according to PPI 
duration were not homogeneous in terms of PPI 
duration. While we used standardized cut-offs for 
PPI duration (<1 year, 1–3 years, ⩾3 years), Lin 
et al. mixed different PPI durations in various cat-
egories enabling for the integration of Poulsen 
et  al.28 and Lai et  al.15 in some but not all sub-
groups. However, this approach is potentially 
misleading due to the missing standardization of 
PPI durations. Furthermore, only the subgroups 
with a PPI use ⩾3 years and ⩾1 year were consid-
ered from the retrospective cohort study by 
Cheung et  al.31 so that one of the largest retro-
spective cohort studies was only partly considered 
in this stratified analysis. Finally, they used appar-
ently inconsistent inclusion criteria for HP sub-
groups in their stratified meta-analysis for HP 
status with current and past HP infection: while 
the authors classified two entire cohorts with 
probable – but not confirmed – HP eradication as 
‘past HP infection’ groups,30,31 only a fraction of 
the study population was analysed in the other 
studies,15,29 which markedly enhances the risk of 
misclassification and selective reporting which 
impacts the generalizability of the data.

The other recent meta-analysis by Song et  al.13 
meta-analysed only a fraction of our included 
studies (5 versus 13 studies). In contrast to our 
meta-analysis on PPI exposure, the main expo-
sure was acid-suppressive drugs and only one 
subgroup analysis of five studies for PPI use was 
available. Therefore, the authors were not able to 
present detailed stratified analysis on cardia and 
non-cardia GC and duration-dependent GC risk 
for PPI users.13
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Stratified analyses according to study design indi-
cated an increased GC risk not only in case-control 
studies but also in cohort studies, which are typi-
cally less prone to selection and recall bias. Our 
meta-analysis thus reflects the growing body of evi-
dence for an association of PPI usage with GC in 
observational studies in highly different settings.

Addressing the risk of reverse causation, 11 out of 
13 studies incorporated a lag time for GC diagno-
sis removing PPI usage limited to the previous 
631,34 or 12 months,14,15,17,19,28,29,33,35 2 years,16,17 
3 years,17,27 or 4 and 5 years17 before GC diagno-
sis. Furthermore, 10 out of 13 studies excluded 
patients with a history of any cancer19,28,29,33–35 or 
history of GC.15–17,31

Nevertheless, this work encountered several limi-
tations due to very heterogeneous original studies 
concerning study design, quality, cases and con-
trols definitions, PPI indications, quantification 
of PPI exposure, and effect sizes, which may also 
result in highly heterogeneous pooled OR and 
prevalence in the included studies. First, some 
original publications did not provide risk esti-
mates or did only report incomplete information 
on the exposure and outcome distribution within 
the study population. We attempted to overcome 
this issue by calculating new unadjusted OR 
based on the published figures, and by contacting 
the corresponding authors for additional informa-
tion. Nevertheless, unadjusted point estimates 
exhibit the risk of confounding and should be 
interpreted cautiously. However, in a sensitivity 
analysis comparing newly calculated OR with 
remaining studies, we found highly similar results. 
Second, in two studies,14,28,29 we could not 
retrieve information on the unexposed group so 
that we used H2RA users as such. In a sensitivity 
analysis excluding these studies, however, the 
results remained unaffected. Third, although all 
studies indicate an increased GC risk among PPI 
users compared with controls, its extent varies, 
reflected by the high statistical heterogeneity in 
our and previous meta-analyses. Leave-one-out 
analyses, however, revealed no disproportional 
influence of any single study, and Graphical 
Display of Study Heterogeneity plots41 demon-
strated no overt sub-clusters.

Fourth, we could only include retrospective 
cohort and case-control studies, which are subject 
to residual confounding. Fifth, immortal time 
bias42 leading to a misclassification of PPI users 

and non-users remains an issue in 11 out of 13 
studies; however, 2 studies accounting for this 
issue still found a significant association of PPI 
exposure and GC risk.14,15 Sixth, a publication 
bias cannot be excluded based on the Eggers test.

Seventh, missing data for important risk factors in 
the individual studies precluded adjustments for 
common GC risk factors, which may mitigate this 
association. Despite representing one of the most 
important confounders in the association between 
PPI and GC risk,43 most studies did either not 
adjust for HP infection status17,33,34,37 or analysed 
study populations after documented HP therapy 
(however, without proven eradication).30,31 
Therefore, there might be synergistic carcinogenic 
effect by HP infection and PPI through hypergas-
trinaemia44,45 or early dyspeptic symptoms related 
to gastritis, precancerous lesions such as intestinal 
metaplasia, dysplasia, and early GC might favour 
regular PPI use. This may also explain the mark-
edly increased GC risk in individuals with PPI use 
<1 year without further relevant risk increase in 
subgroups with longer PPI use. However, consider-
ing the decreasing prevalence of HP in Western 
countries, confounding by HP is unlikely to be the 
main explanation of the association of PPI usage 
and GC risk. Eighth, most studies failed to control 
for other common GC risk factors,2–5 such as smok-
ing15,19,27,29,30,34,35,37 and obesity,15,19,27–30,34,35,37, 
and no study adjusted for dietary salt and nitroso 
compound intake.3,5,14,17,27–30,33–37

Another inherent limitation of most included 
studies is the missing information on precancer-
ous lesions such as intestinal dysplasia and meta-
plasia5 in most included studies,15,17,19,27,28,31,33,34,37 
which may both favour regular PPI use and the 
development of GC. This could lead to an over-
estimation of the effect due to residual confound-
ing. Finally, no universally accepted definition of 
long-term PPI usage is available and definitions 
of long-term PPI use were missing in 10 included 
studies14,17,27–30,34–37 and highly heterogeneous in 
the remaining studies,3,33,35 so that we strictly 
avoided this term in our meta-analysis. However, 
our data did not show a duration-dependent risk 
increase in GC risk among PPI users.

In the randomized controlled COMPASS trial, 
Moayyedi et al.46 found no statistically significant 
difference in the risk for gastrointestinal tumours 
between the pantoprazole and placebo group 
(HR: 1.04, 95% CI: 0.77–1.40); however, the 
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study suffers from several methodological short-
comings and conflicts of interest in the author-
ship, as previously discussed.47 For instance, it 
was underpowered for safety outcomes, com-
prised a highly selected study population, and did 
not provide information on drop-out rates as well 
as separate analyses on GC risk. In addition, two 
of three study arms included daily aspirin intake 
by study design, which in combination with regu-
lar PPI intake was associated with a considerably 
decreased GC risk increase compared with PPI 
alone in retrospective analyses.48,49

Even though our meta-analysis demonstrates a 
clear association between PPI use and GC risk, 
causality cannot be proven. Large randomized 
controlled trials in this field are ethically challeng-
ing and not feasible. However, this meta-analysis 
includes evidence from large registry studies with 
a retrospective cohort design, but with prospec-
tive data collection, therefore the highest level of 
evidence available by now. Yet, future research 
should focus on a comprehensive and accurate 
prospective documentation of GC risk factors, 
endoscopic/histopathological findings, co-medi-
cation, and co-treatments, which would enable 
application of sophisticated causal inference tech-
niques50 as used in other studies on risks of PPI.51

Conclusion
Our meta-analysis found an almost twofold 
increased GC risk among PPI users compared 
with controls. Despite a clear association between 
PPI exposure and GC risk, causation cannot be 
proven. Moreover, there was substantial hetero-
geneity in study designs, populations, definitions 
of exposure and outcome, and residual confound-
ing as well as a potential publication bias remain 
of concern. Indications for PPI treatment should 
be verified, PPI use avoided, and non-indicated 
PPI unprescribed whenever possible.
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