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Abstract. Although proton pump inhibitors (PPIs) are widely 
used in the treatment of various acid‑related disorders, 
observational studies have raised concern about an association 
between PPI use and the risk of gastrointestinal cancer. The 
present study aimed to investigate the association between them 
using a meta‑analysis of cohort studies. PubMed and Excerpta 
Medica dataBASE were searched from inception to December 
2022 to identify relevant cohort studies. The primary outcome 
was the risk of gastrointestinal cancer among PPI users, 
expressed as a pooled odds ratio (OR), relative risk (RR) or 
hazard ratio (HR) and its 95% CI based on a random‑effects 
model. A total of 25 cohort studies from 23 articles were 
included in the final analysis. In the meta‑analysis of all studies, 
an increased risk of gastrointestinal cancer following the use 
of PPIs was observed (OR/RR/HR, 2.09; 95% CI, 1.78‑2.46). 
Subgroup analyses by type of cancer also revealed an associa‑
tion between PPI use and the risk of esophageal, gastric, liver 
and pancreatic cancer, whereas there was no association for 
colorectal cancer. The increased risk of gastrointestinal cancer 
was also observed in individuals who had used PPIs for <1 year 
(OR/RR/HR, 5.23; 95% CI, 2.96‑9.24) as well as individuals 
who had used PPIs for up to 3 years. The present meta‑analysis 
revealed that the use of PPIs was associated with an increased 
risk of gastrointestinal cancer.

Introduction

Since the first approval of proton pump inhibitors (PPIs) in 
1989, they have proven to be an effective first‑line treatment for 

gastrointestinal disorders including symptomatic peptic ulcer 
disease, gastresophageal reflux disease, and Zollinger‑Ellison 
syndrome, as well as for the prevention of gastrointestinal 
bleeding in patients receiving antiplatelet therapy (1‑7). PPIs 
are also one of the standard treatments for Helicobacter pylori 
infection, along with antibiotics  (1). Their popularity has 
steadily grown, and they are now one of the most prescribed 
drug classes worldwide, both in the outpatient and inpatient 
clinical settings (8). In the United States, the consumption 
of PPIs in non‑hospitalized patients doubled from 1999 
to 2012 (9). In England, over 50 million prescriptions that 
contained PPIs were prescribed in 2015 (10). Due to the effec‑
tiveness of PPIs in prevention and treatment of gastrointestinal 
disorders, physicians tend to prescribe PPIs in the long term 
for specific conditions such as Barrett's esophagus, chronic 
use of non‑steroidal anti‑inflammatory drugs (NSAIDs) 
with high to moderate bleeding risk, severe oesophagitis, 
and Zollinger‑Ellison syndrome, and patients usually take 
these medications for longer than needed (11‑14). In England, 
amongst new users of PPIs in a cohort study from 1990 to 
2014, 26.7% of them continued taking PPIs for more than one 
year.15 Sixty percent of the long‑term PPI users did not make 
an attempt to step down or discontinue PPI therapy (15), and 
approximately 30% of the PPI users were not appropriately 
prescribed for the long‑term treatment (16,17). 

The long‑term use of PPIs has raised concerns about infec‑
tion (18,19), dementia (20), osteoporosis, fracture (21), and 
cancer (22). Specifically, the risk of gastrointestinal cancers 
has been a major concern to both patients and physicians. 
Previous laboratory and animal studies have reported that PPIs 
can suppress gastric acid secretion and interfere with bacterial 
growth and nitrosamine formation (23,24). Furthermore, PPIs 
have been linked to hypergastrinemia, which has been identi‑
fied as a possible risk factor for cancer progression (25,26). 

Meanwhile, observational epidemiological studies have 
reported inconsistent findings on whether PPIs increase the risk of 
gastrointestinal cancers (27‑49). Fourteen cohort studies reported 
a significant increased risk of gastrointestinal cancers by the use 
of PPIs (29,30,32‑37,40,42‑45,47), while 10 cohort studies did no 
association between them (27,28,31,38,39,41,46,48,49). 

Several meta‑analyses of retrospective cohort studies and 
case‑control studies have reported the associations between 
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the use of PPIs and a specific type of gastrointestinal cancers 
such as gastric cancer, colorectal cancer, and pancreatic 
cancer  (50‑54). However, no comprehensive meta‑analysis 
of cohort studies for all types of gastrointestinal cancers 
including esophageal cancer, liver cancer, and biliary cancer 
has been reported up to date.

Thus, the current study aimed to investigate the association 
between the use of PPIs and the risk of gastrointestinal cancers 
using a comprehensive meta‑analysis of cohort studies. 

Materials and methods

Literature search strategy. This meta‑analysis was conducted 
according to the Preferred Reporting Items for Systematic 
Reviews and Meta‑Analyses statement  (55). A literature 
search in both PubMed and Excerpta Medica dataBASE 
(EMBASE) databases was conducted up to December 2022. 
This search used a combination of the National Library of 
Medicine (NLM) Medical Subject Headings (MeSH) terms 
with a wide range of free‑text terms as search terms to iden‑
tify as many relevant articles as possible. A PICO framework 
was used to determine search terms related with the topic of 
this study as follows: P for population is ‘general population’; 
I for intervention (exposure in this study) is ‘use of PPIs’; 
C for comparison is ‘no use of PPIs’; and O for outcome is 
‘incidence of cancer’. Study design of included studies was 
restricted to cohort study for the current meta‑analysis. Thus, 
using Boolean operators for all the determined MeSH and 
free‑text terms, a combination of search terms was created as 
follows: (proton pump inhibitors or omeprazole or esomepra‑
zole or pantoprazole or lansoprazole or dexlansoprazole or 
rabeprazole) and cancer and cohort study. Data S1 shows the 
final search strategy for the PubMed example. Additionally, 
the reference lists of the identified articles were examined to 
identify relevant studies that were not detected through the 
initial search strategy.

Eligibility criteria. Observational epidemiological studies 
were included in the final meta‑analysis based on the following 
criteria: i)  an original prospective or retrospective cohort 
study; ii) investigated the association between the use of PPIs 
and any types of gastrointestinal cancers; iii) reported outcome 
measures with an adjusted relative risk (RR), odds ratio (OR) 
or hazard ratios (HR) and its 95% confidence intervals (CI); 
iv) publication in English. If data were reported in multiple 
publications from the same study, the study presenting the 
most comprehensive data was included. Studies that were 
not published in peer‑reviewed journals or only presented in 
academic conferences were excluded. 

Selection of relevant studies. Two authors (Tran HT and Trinh 
TKT) independently selected all studies retrieved from the 
databases. Discrepancies in study selection were resolved 
by reaching a consensus with a senior author (Myung SK). 
The extraction process encompassed the collection of year 
of publication and first author's name, type of study, country, 
year of the enrollment of participants, population (number of 
participants, gender, and baseline age range), type of cancer, 
definition of PPI exposure and a control group, adjusted 
OR/RR/HR with 95% CI, and adjusted variables. 

Assessment of methodological quality. The methodological 
quality of the included studies was assessed using the 
Newcastle‑Ottawa Scale (NOS) for assessing the quality of 
cohort studies in the meta‑analyses (56). The NOS score system 
ranges from 0 to 9 representing the three subscales of the 
study quality dimensions: study selection, comparability, and 
exposure assessment. Given the absence of established cutoff 
criteria for designating a study as high‑ or low‑quality, studies 
scoring above the average were categorized as high‑quality.

Main and subgroup analyses. The main meta‑analysis 
investigated the association between the use of PPIs and 
the risk of gastrointestinal cancers. Subsequently, subgroup 
meta‑analyses were conducted, categorized by type of cancer 
(esophageal, gastric, pancreatic, colorectal, liver, gallbladder, 
or bile duct cancer), sex (male or female), age (over 50 years 
old), obesity (yes or no), smoking status (yes or no), type of 
PPIs (omeprazole, lansoprazole, esomeprazole, pantoprazole, 
or rabeprazole), duration of PPI use (within 1 year, 1‑3 years, 
3‑5 years, or over 5 years), concurrent medications (aspirin or 
statins), geographical region, study design (retrospective or 
prospective cohort study), and methodological quality of study 
(high or low quality). 

Statistical analysis. A pooled OR/RR/HR with its 95% 
CI was calculated using the adjusted OR/RR/HR and its 
respective 95% CI from each study reporting the associa‑
tion between the use of PPIs and the risk of gastrointestinal 
cancers. Additionally, an evaluation of heterogeneity across 
the studies was performed using Higgins I2, which measures 
the percentage of total variation across the studies (57). The 
I2 value is calculated as follows:

I2 = 100% x (Q ‑ df)/Q,

where Q is Cochran's heterogeneity statistic, and df indicates 
the degrees of freedom. Negative values of the I2 were set at 
zero; the I2 ranges from 0% (no observed heterogeneity) to 
100% (maximal heterogeneity) (57). An I2 value greater than 
50% indicates substantial heterogeneity (57).

The pooled estimate was computed using the DerSimonian 
and Laird method (58). A random‑effects model was used due 
to the diverse geographical contexts and varying populations 
in which the identified studies were conducted.

Publication bias was assessed utilizing the Begg's funnel 
plot and Egger's test (59). Publication bias exists when the 
Begg's funnel plot shows asymmetry or when the P‑value 
of the Egger's test is less than 0.05 (59). Further, sensitivity 
analyses were conducted to explore the influence of each study 
on the pooled estimate by omitting a study one by one and 
re‑analyzing. Stata SE version 16.1 statistical software package 
(StataCorp, College Station, Texas, USA) was used for all the 
meta‑analyses.

Results

Identification of relevant studies. Fig. 1 shows a flow diagram 
of the selection process for the current study. A total of 
1,934 articles were identified by searching two electronic data‑
bases, PubMed and EMBASE. After removing 195 duplicate 
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articles, an additional 1,620  articles were excluded based 
on the predetermined selection criteria. A thorough review 
was conducted on the remaining 119 articles. Among these, 
96 articles were excluded for the following reasons: insuf‑
ficient data (n=40); conference abstract (n=22); systematic 
review or/and meta‑analysis (n=17); case‑control studies 
(n=9); letters to editor (n=7); and cross‑sectional studies (n=1). 
The remaining 23 articles (27‑49) were included in the final 
analysis. The result of the assessment with Cohen's kappa in 
the selecting studies was 0.97, suggesting an almost perfect 
agreement between the two authors.

Characteristics of studies included in the final meta‑analysis. 
This meta‑analysis included 25 cohort studies from 23 articles 
that had a total of 10,309,227 participants. Table I shows the 
general characteristics of the studies included in the final 
meta‑analysis. Types of cancers were as follows: esophageal, 
gastric, pancreatic, liver, colorectal, gallbladder, and bile duct 
cancer. Of the 23 articles, 13 articles are prospective cohort 
studies, and 10  articles are retrospective cohort studies. 
Publication dates ranged from 2009 to 2022. Eleven studies 
were conducted in Europe, nine studies in Asia, and three 
studies in North America.

Methodological quality of studies. The quality scores by 
the NOS for the individual studies ranged from 6 to 9; the 
average score was 8.4. In this meta‑analysis, a study scored 9 

was considered to possess high level of quality. Thus thirteen 
studies were rated as high‑quality studies (Table II).

Use of PPIs and risk of gastrointestinal cancers. As shown in 
Fig. 2, PPI use was significantly associated with a significantly 
increased risk of gastrointestinal cancer (OR/RR/HR=2.09; 
95% CI 1.78‑2.46). In the subgroup meta‑analyses by type 
of cancer, the use of PPIs was associated with a significantly 
increased risk of esophageal cancer (OR/RR/HR=2.44; 95% 
CI 1.61‑3.70; n=2), gastric cancer (OR/RR/HR=2.88; 95% CI 
2.29‑3.61; n=11), pancreatic cancer (OR/RR/HR=1.80; 95% CI 
1.34‑2.42; n=3), and liver cancer (OR/RR/HR=1.55; 95% CI 
1.17‑2.06; n=3), while no association was found in the risk of 
colorectal cancer (OR/RR/HR=1.15; 95% CI 0.85‑1.54; n=4) 
(Table III). 

Use of PPIs and risk of gastrointestinal cancers by various 
factors. Table  III shows findings from the subgroup 
meta‑analyses stratified by baseline characteristics (sex, age 
over 50 years old, obesity, and smoking status), type of PPIs, 
duration of PPI use, concurrent medications, geographical 
region of studies, study design, and methodological quality 
of study. In the subgroup meta‑analyses by duration of PPI 
use, a significantly increased risk was observed in people 
using PPIs within 1 year and from 1 to 3 years. No significant 
association was found in the subgroup meta‑analyses by type 
of PPIs.

Figure 1. Flow diagram of identification of relevant studies.
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Heterogeneity, publication bias, and sensitivity analysis. 
Statistical heterogeneity was observed (I2=85.7%) in the 
meta‑analysis of all the studies. Publication bias was not 
observed in both the Begg's funnel plot (Fig. 3) and Egger's 
test (P=0.105). Sensitivity analysis to discern the influence of 
each study did not show any substantial change in the pooled 
estimate of the effect size and statistical significance (data not 
shown in figure).

Discussion

In this meta‑analysis of cohort studies, a significant association 
was observed between the use of PPIs and an increased risk of 
gastrointestinal cancers. In the subgroup meta‑analysis by type 
of gastrointestinal cancers, the use of PPIs was significantly 
associated with the increased risk of gastric cancer, liver 
cancer, pancreatic cancer, and esophageal cancer, whereas 
there was no association for colorectal cancer. The increased 
risk of gastrointestinal cancers was also observed in people 
who had used PPIs within 1 year as well as up to 3 years.

Possible biological mechanisms for the increased risk of 
gastrointestinal cancers by the use of PPIs can be explained 
by previous in vitro and in vivo studies (60‑62). First, PPIs 
reduce gastric acid secretion by blocking the H+/K+ ATPase 

of parietal cells (63), which can induce an increase of gastrin 
secretion from G‑cells (64). Gastrin has long been suspected 
to be a potential risk factor of gastric cancer by causing 
hypergastrinemia  (25). Hypergastrinemia also could lead 
to the development of gastrointestinal cancers, including 

Figure 2. Association between proton pump inhibitor use and risk of gastrointestinal cancer in a random‑effects model meta‑analysis of cohort studies. 
aRandom‑effects model. OR, odds ratio; RR, relative risk; HR, hazard ratio; AC, adenocarcinoma; SCC, squamous cell carcinoma; HBV, hepatitis B virus; 
HCV, hepatitis C virus.

Figure 3. Begg's funnel plot and Egger's test to identify publication bias in the 
meta‑analysis of cohort studies. OR, odds ratio; RR, relative risk; HR, hazard 
ratio; SE, standard error.
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esophagus, stomach, pancreatic, and liver cancers  (25). 
Second, PPIs might contribute to increased bacterial colonisa‑
tion and a larger number of bacteria that are able to produce 
nitrosamines  (23,24). Nitrosamines and gut microbiome 
alterations could lead to an increased risk of gastrointestinal 
cancers (23,65,66). Third, PPIs might increase the production 

of enterochromaffin‑like cells (ECL cells) by inducing hypo‑
acidity (67). 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, which might conse‑
quently lead to the formation of neuroendocrine tumors 
(NETs), such as pancreatic cancer (67). 

Table III. Association between PPIs and risk of gastrointestinal cancer in subgroup meta‑analyses using a random‑effects model.

	 No. of	 Summary OR/RR/HR	 Heterogeneity,	
Factors	 studies	 (95% CI)	 I2 (%)	 (Refs.)

All studies	 23	 2.09 (1.78‑2.46)	 98.0	 (27‑49)
Type of cancer				  
  Esophageal cancer	 2	 2.44 (1.61‑3.70)	 49.6	 (27,37)
  Gastric cancer	 11	 2.88 (2.29‑3.61)	 97.4	 (28,30,32,33,37,41,44‑47,49)
  Pancreatic cancer	 3	 1.80 (1.34‑2.42)	 88.6	 (34,40)
  Colorectal cancer	 4	 1.15 (0.85‑1.54)	 88.9	 (31,39,43,48)
  Liver cancer	 3	 1.55 (1.17‑2.06)	 67.2	 (35,36,38)
  Gallbladder cancer	 1	 1.58 (1.37‑1.81)	 N/A	 (42)
  Extrahepatic bile ducts cancer	 1	 1.17 (1.56‑2.00)	 N/A	 (42)
 Intrahepatic bile ducts cancer	 1	 1.88 (1.57‑2.33)	 N/A	 (42)
Sex				  
  Male	 11	 1.70 (1.36‑2.12)	 98.1	 (30,31,34,35,38,40,41,42,46‑48)
  Female	 10	 1.84 (1.55‑2.19)	 96.1	 (30,31,34,38,40,41,42,46‑48)
Age (≥50 years) 	 7	 1.76 (1.41‑2.20)	 97.7	 (30,31,34,38,40,42,46)
Obesity	 3	 1.14 (1.01‑1.27)	 0	 (31,34,35)
Smoking	 4	 1.11 (0.98‑1.27)	 65.8	 (31,34,35,47)
Type of PPIs				  
  Omeprazole	 4	 1.32 (0.96‑1.80)	 69.4	 (41,43,47,48)
  Lansoprazole	 4	 1.42 (0.99‑2.06)	 81.1	 (41,43,47,48)
  Pantoprazole	 3	 1.08 (0.91‑1.28)	 0	 (43,47,48)
  Esomeprazole	 3	 1.17 (0.70‑1.96)	 72.6	 (43,47,48)
  Rabeprazole	 3	 1.09 (0.77‑1.56)	 51.6	 (43,47,48)
Duration of PPI use				  
  ≤1 year	 4	 5.23 (2.96‑9.24)	 99.6	 (30,37,40,42)
  1‑3 years	 10	 1.72 (1.44‑2.07)	 86.8	 (30,33,37,40,42,43‑45,47,48)
  3‑5 years	 6	 1.17 (0.96‑1.43)	 79.5	 (27,30,33,37,40,43)
  >5 years	 4	 1.16 (0.74‑1.84)	 96.6	 (30,37,40,42)
Concurrent medication				  
  Aspirin	 3	 1.09 (1.01‑1.18)	 0	 (31,38,47)
  Statins	 4	 0.85 (0.69‑1.06)	 56.5	 (31,35,38,47)
Region				  
  America	 3	 1.09 (0.55‑2.17)	 86.3	 (27,35,39)
  Asia	 9	 1.45 (1.17‑1.80)	 79.8	 (31,33,34,38,43‑46,49)
  Europe	 11	 1.93 (1.51‑2.45)	 98.3	 (28‑30,32,36,37,40‑42,47,48)
Study design				  
  Retrospective cohort	 10	 2.60 (1.88‑3.60)	 97.6	 (27,28,30,32,33,38,43‑46)
  Prospective cohort	 13	 1.71 (1.41‑2.08)	 97.9	 (29,31,34‑37,39‑42,47‑49)
Methodological quality				  
  High quality	 13	 1.43 (1.20‑1.70)	 78.2	 (28,31,33,34,36,41,43‑49)
  Low quality	 10	 2.61 (2.20‑3.09)	 98.0	 (27,29,30,32,35,37‑40,42)

PPI, proton pump inhibitor; OR, odds ratio; RR, relative risk; HR, hazard ratio.

https://www.spandidos-publications.com/10.3892/ol.2023.14161
https://www.spandidos-publications.com/10.3892/ol.2023.14161
https://www.spandidos-publications.com/10.3892/ol.2023.14161
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Some preclinical studies have reported a preven‑
tive effect of PPIs against the development of colorectal 
cancer (68,69). Pantoprazole was identified to be a poten‑
tial T‑cell‑originated protein kinase (TOPK) inhibitors 
and blocked the anchorage‑independent proliferation of 
colorectal cancer cells with high TOPK levels in an in vitro 
cancer cell line study and an in vivo mouse study  (68). 
Also, a rat azoxymethane (AOM) model study showed that 
omeprazole suppressed the proliferation and carcinogenesis 
of colon cancer cell lines (69). On the other hand, a transgenic 
APC genes (APCMin‑/+) mouse model study reported that 
omeprazole‑induced hypergastrinemia lead to a significant 
increase in the proliferation of colorectal adenomas. Thus, 
there are some inconsistencies regarding the effect of PPI use 
on the colorectal cancer risk.

The findings of this meta‑analysis are in line with previous 
meta‑analyses that investigated the association between the use 
of PPIs and the risk of gastric cancer (50,51,70). Jiang et al (71) 
found that long‑term use of PPIs may possibly increase the risk 
of gastric cancer (OR 2.50; 95% CI: 1.74‑3.85). Nevertheless, 
they were unable to assess publication bias due to the small 
number of studies, and all studies were retrospective in design. 
Tran‑Duy et al (51) assessed the effects of PPI therapy on the 
risk of gastric cancer by including a cohort and 3 case‑control 
studies. They concluded that PPI therapy was positively associ‑
ated with an increased risk of gastric cancer (51). Nonetheless, 
there were too few studies included in their analysis to confirm 
the association. Segna et al (50) conducted a meta‑analysis 
including 5 retrospective cohort and 8 case‑control studies. 
They found that PPI use had a 1.94‑fold higher risk of gastric 
cancer compared with the non‑PPI group  (50). They also 
included retrospective studies only. 

Regarding the risk of pancreatic cancer, the finding of this 
meta‑analysis is consistent with two previous meta‑analyses, 
which also included only a few studies. Laoveeravat et al (53) 
and Alkhushaym et al (54) included one and two cohort studies, 
respectively. They also found that PPIs use could significantly 
increase the risk of pancreatic cancer. Regarding the risk of 
colorectal cancer, the finding of this meta‑analysis is consistent 
with that of Ma et al's (52) meta‑analysis of 3 cohort studies, 
which reported that there was no statistically significant 
association between PPI use and the risk of colorectal cancer.

To the best of current knowledge, this is the most compre‑
hensive meta‑analysis of cohort studies on this topic. Although 
a recent meta‑analysis of observational epidemiological 
studies regarding this topic was published in 2021 (50), it 
included only case‑control and retrospective cohort studies 
and revealed no clear duration‑dependent risk increase 
among PPI users. This meta‑analysis included a total of 23 
cohort studies with 13 prospective cohort studies as well 
as 10 retrospective studies and reported the evidence of the 
gastrointestinal cancers risk with long‑term use of PPIs. In 
addition, this meta‑analysis provided information regarding 
the types of PPI and the risk of gastrointestinal cancers. This 
meta‑analysis also assessed the risk of gastrointestinal cancers 
by providing various subgroup analyses that might help to 
minimize potential confounding factors.

This study has several limitations. This meta‑analysis only 
included cohort studies. In terms of evidence‑based medicine, 
it is important to emphasize that while randomised controlled 

trials (RCTs) offer a higher level of evidence compared to 
cohort studies, they pose ethical and practical challenges when 
investigating the association between PPI use and cancer risk. 
Nevertheless, it would be possible to conduct a meta‑analysis 
of RCTs using secondary outcomes from the original trials. 
Second, the stratification of gastrointestinal cancer risk based 
on PPI dosage was hindered by the limited availability of 
relevant data from individual studies. Lastly, it was not feasible 
to confirm the effect of PPI use on the risk of gallbladder 
and bile duct cancers because only one study for each type 
of cancer was included in the current study. Further studies 
are warranted. 

This meta‑analysis of cohort studies suggested a significant 
association between the use of PPIs and the increased risk of 
gastrointestinal cancers. This finding was observed in people 
using PPIs for less than 1 year as well as up to 3 years. These 
findings should be confirmed by RCTs that provide a higher 
level of evidence than cohort studies.
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