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Abstract

Purpose The increased risk of colorectal cancer (CRC) associated with long-term use of proton pump inhibitors (PPIs) has
attracted considerable attention; however, the conclusions of studies evaluating this correlation are inconsistent or even contro-
versial. Therefore, we conducted a systematic review and meta-analysis to determine the association of PPI use with the risk of
CRC.

Methods A systematic literature search was conducted in PubMed, EMBASE, and the Cochrane Central Register of Controlled
Trials to identify relevant studies. Pooled odds ratios (ORs) with 95% confidence intervals (Cls) for the associations between PPI
use and the risk of CRC were estimated with a fixed-effects or random-effects model.

Results We identified and included 9 observational studies (3 cohort studies and 6 case-control studies) comprising 1,036,438
participants. Overall, there was no statistically significant association between PPI use and the risk of CRC (pooled OR 1.26, 95%
CI: 0.90-1.73; p = 0.166) when PPI exposure was assessed as a binary variable. However, a weak association between long-term
use of PPIs and CRC was demonstrated (pooled OR 1.19, 95% CI: 1.09-1.31; p < 0.001) when the cumulative duration of PPI
exposure was confined to > 5 years.

Conclusions Although the present meta-analysis suggests a weak association between long-term use (> 5 years) of PPIs and
CRC, there is not enough statistical power to refute or confirm an association between the use of PPIs and CRC. More high-

quality prospective cohort studies are needed to assess this correlation.

Keywords Colorectal cancer - Risk - Proton pump inhibitor - Systematic review - Meta-analysis

Introduction

Colorectal cancer (CRC) is the most commonly diagnosed
digestive system cancer and the third most common cancer
worldwide [1]. In 2018, there were 1.8 million CRC cases and
881,000 related deaths worldwide, accounting for one-tenth of
cancer cases and deaths [2]. It is currently estimated that
worldwide, 2.2 million CRC patients will be diagnosed every
year in 2030 [3]. In addition, in contrast to the declining trend
among the elderly population, the incidence of CRC among
adults under 50 years of age continues to rise, and this early-
onset CRC now accounts for 10-12% of all new CRC
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diagnoses [4]. Although the pathogenesis of CRC is still un-
clear, some related risk factors have been identified, including
various environmental, genetic, and lifestyle factors [5, 6]. In
addition, recent studies have shown that CRC is associated
with many medicines, including aspirin, antibiotics, and pro-
ton pump inhibitors (PPIs) [7-9].

PPIs are one of the most commonly prescribed medicines
in America [10]. Although PPIs are mainly recommended for
short-term use in patients with peptic ulcer disease, they are
increasingly used for long-term and often lifetime use for
“gastroprotection” in patients taking non-steroidal anti-in-
flammatory drugs (NSAIDs), corticosteroids, anticoagulants,
or antiplatelet therapy [11, 12]. The proportion of inappropri-
ate PPI use is estimated to be up to 50%, particularly among
elderly patients [13]. PPIs were previously considered to be
inherently safe, even for long-term use, but growing evidence
for potential side effects associated with the long-term use of
PPIs has caused concern among doctors and patients in the
past decade [14]; these side effects include dementia,
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infection, micronutrient deficiency, kidney diseases, bone dis-
eases, and a variety of digestive system cancers (gastric, liver,
pancreatic, and colorectal cancer) [15-18].

The association between PPI use and the risk of CRC re-
mains controversial, with conflicting results in the literature
[8, 19, 20]. Several previous meta-analyses showed no statis-
tically significant association between PPI use and the risk of
CRC (odds ratio (OR) = 1.19, 95% confidence interval (CI) =
0.90-1.57; OR = 1.08, 95% CI = 0.96-1.20) [21, 22].
However, several new studies have been published since then
[8, 18, 20, 23, 24], some of which offer the opposite view [8,
18]. Therefore, to achieve a more accurate and comprehensive
assessment, we combined all the latest data in this meta-
analysis to comprehensively investigate the relationship be-
tween PPI use and the risk of CRC.

Materials and methods
Search strategy

We conducted a systematic literature search in PubMed,
EMBASE, and the Cochrane Central Register of Controlled
Trials from inception to 25 April 2020 to assess the associa-
tion between PPIs and the risk of CRC, and the literature
search was repeated on 17 June 2020. We used the following
medical subject heading search terms in combination: (“pro-
ton pump inhibitor(s)” OR “PPI(s)” OR “pantoprazole” OR
“omeprazole” OR “esomeprazole” OR “lansoprazole” OR
“ilaprazole”) and (“colon cancer” OR “colon neoplasm” OR
“colon tumor” OR “rectal cancer” OR “rectal neoplasm” OR
“rectal tumor” OR “colorectal cancer” OR “colorectal neo-
plasm” OR “colorectal tumor”). The search was not restricted
by language. To ensure the integrity of the studies, we con-
ducted a manual search of the reference lists of the retrieved
articles as well as relevant reviews and meta-analyses to re-
trieve additional potential studies.

Study selection

The present meta-analysis followed the preferred reporting
items for systematic review and meta-analysis (PRISMA)
guidelines [25]. Based on the inclusion criteria established,
we included (1) studies that reported the association between
PPI use for any indication and the risk of CRC in adults; (2)
cohort studies or case-control studies; (3) studies where PPI
non-users were compared (as the control group) with PPI
users (as the treatment group); and (4) studies that provided
the corresponding risk estimates such as relative risk (RR),
ORs or hazard ratios (HRs), and 95% CI, or sufficient data
to estimate the OR, RR or HR, and 95% CI.

@ Springer

Data extraction and quality assessment

Two review authors conducted data extraction and quality as-
sessment independently, and any disagreements were resolved
by discussion with the third independent author. The following
information was extracted from each eligible study: the first
author’s surname, year of publication, country, study period,
study design, study participants, mean age, gender, data source,
participants’ characteristics, confounder adjustment and defini-
tion, and ascertainment of PPI exposure and CRC.

We assessed the methodological quality of the included
case-control and cohort studies using the Newcastle-Ottawa
scale (NOS) [26]. The NOS system judges the quality of ob-
servational studies based on three parameters of quality (se-
lection (4 items), comparability (1 item), and exposure/
outcome (3 items)) by a star system ranging from 0 to 9. A
study with seven stars or more was considered a high-quality
study.

Statistical analyses

The primary outcome of this meta-analysis was the pooled
risk of CRC among PPI users. The method of inverse variance
was applied for the study weights. The analysis was per-
formed using the summary measure pooled OR and 95% CL
We considered the HR to approximate the RR and the RR to
approximate the OR due to the low incidence (< 10%) of
results of interest [27]. Whenever available, data analyses
were conducted on adjusted ratios, unless only unadjusted
data were available, in which case we used the unadjusted
ratios. The heterogeneity among studies was confirmed with
the Cochran Q statistic and quantified using the /* statistic
[28]. p < 0.10 for the Q statistic indicated high heterogeneity.
For 12, a threshold of > 25% indicates low heterogeneity, >
50% indicates moderate heterogeneity, and > 75% indicates
high heterogeneity [28]. If there was a moderate heterogeneity
or high heterogeneity, the random-effects model
(DerSimonian—Laird method) [29] was used to pool the esti-
mates; otherwise, the fixed-effects model (Mantel-Haenszel
method) was applied. In the sensitivity analysis, the influence
of a single study on the overall risk estimate was determined
by excluding studies from the meta-analysis one by one. In
addition, to further explore the potential sources of heteroge-
neity, subgroup analysis was performed according to different
study features and clinical factors, including study design
(case-control study, nested case-control study, cohort study),
study region (Asia, Europe, America), NOS scores (NOS > 7,
NOS < 7), duration of PPI use (0-1, > 1, > 5 years), sample
size (< 10,000, > 10,000, > 50,000), and adjusted covariates/
confounders (aspirin, statins, body mass index, colonoscopy,
inflammatory bowel disease). We assessed funnel plot asym-
metry visually and evaluated it with Egger’s and Begg’s tests
(p > 0.10 was considered to indicate low publication bias) to
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determine the presence of publication bias [30]. All statistical
tests were two-tailed, and p < 0.05 (except for heterogeneity
and publication bias) was considered to indicate statistical
significance. All statistical analysis was performed using
Stata 16.0 (Stata Corporation, College Station, TX, USA).

Results
Literature search

Figure 1 shows the PRISMA flow diagram of study selection.
Our search strategy initially identified 325 articles for screen-
ing. First, we removed 77 duplicates, and then 219 articles
were excluded after title and/or abstract screening by 2 inde-
pendent reviewers. The references of the remaining 29 articles
were searched manually, and no additional publications were
identified. A full-text review of 29 articles was conducted, and
20 articles were further excluded: 2 non-human studies, 1 case
series, 2 meta-analyses, 8 review articles, 2 study assessing the
mortality of CRC patients as an outcome, 4 studies assessing
colorectal polyps or adenomas as outcomes, and 1 study
assessing CRC risk between pantoprazole and other PPIs.
Finally, 9 articles published between 2007 and 2020 met the
inclusion criteria [8, 18-20, 23, 24, 31-33] and were included
in this systematic review and meta-analysis.

Study characteristics and quality assessment

Table 1 summarizes the characteristics of the included studies.
Among the 9 eligible studies, there were 3 cohort studies

(including 2 prospective cohort studies) [8, 23, 24], 2 case-
control studies [32, 33], and 4 nested case-control studies
[18-20, 31]. Three of the studies were from North America
[20, 24, 33], 3 were from Europe [19, 31, 32], and 3 were from
Asia [8, 18, 23]. The sample size of the studies ranged from
1282 to 451,284, and a total of 1,036,438 participants were
included. The quality score based on the Newcastle-Ottawa
quality assessment scale shows that each study was consid-
ered a high-quality study except the studies of Lai et al. [18]
and Babic et al. [24].

Primary outcome

Nine studies could be used to assess the association between
PPI use and CRC risk, each of which provided a multivariate
adjusted OR. Yang et al. [19] presented data on the association
between multiple durations (< 1 year, 1-2 years, 2-3 years, 3—
4 years, > 5 years) of PPl use and the risk of CRC [19], but the
overall effect of PPI use on CRC was not available. As colo-
rectal carcinogenesis is estimated to take at least 10 years [19],
we used data for > 5 years as routine long-term PPI usage to
represent Yang’s data in this analysis. The pooled risk showed
that there was no significant association between PPI use and
the risk of CRC (pooled OR 1.26, 95% CI: 0.91-1.73; p =
0.166; Fig. 2). Additionally, there was a significant heteroge-
neity based on the O test, p value (p < 0.001), and I index (7
=97.10%). Crude OR was available in 6 studies, but no sig-
nificant change in the overall combined OR was observed
when using unadjusted data (pooled OR 1.34, 95% CI:
0.75-2.39; F = 97.20%) (Table 2).

Records identified through
database searching
(n=325)

Additional records identified
through other sources
(0=0)

Total number of records

Duplicates removed

(n=325)

(0=77)

Records screened

Records excluded by titles and/or abstracts screening

(n=248)

(n=219)

Full-text articles assessed

Full-text articles excluded with reasons (n=20)
©® Non-human studies (n=2)

for eligibility
(n=29)

Studies included in the systematic
review and meta-analysis

(0=9)

[ Including ] [ Eligibility ] [ Screening ] [Identiﬁcation]

Fig. 1 PRISMA flow diagram of study selection

® Case series (n=1)

® Meta-analysis (n=2)

® Review articles (n=8)

® Study assessing the mortality of colorectal cancer patients
as an outcome (n=2)

® Study assessing colorectal polyps or adenomas as outcomes
(0—4)

® Study assessing colorectal cancer risk between pantoprazole
and other proton pump inhibitors (n=1)
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Subgroup analysis

To make the results more meaningful, we conducted a sub-
group analysis by various study features and clinical factors.
Five studies reported the correlation between different catego-
ries of cumulative duration of PPI use and CRC. We found
that the overall pooled OR estimate (pooled OR 1.22, 95% CI:
0.89-1.66) of study participants whose cumulative duration of
PPI use was > 1 year was higher than the overall pooled OR
estimate (pooled OR 1.09, 95% CI: 0.60—1.98) of study par-
ticipants whose cumulative duration of PPI use was < 1 year,
but neither difference reached statistical significance
(Table 2). However, subgroup analysis pooling data for a
more prolonged cumulative duration (> 5 years) showed that
long-term use of PPIs was associated with a 19% increased
risk of CRC (pooled OR 1.19, 95% CI: 1.09-1.31; Fig. 3),

with statistical significance (p < 0.001) and low heterogeneity
between studies (7 = 48.00%; p = 0.123). In addition, when
stratified according to the study design, study region, NOS
scores, sample size, and adjusted covariates/confounders, the
associated risks were no longer statistically significant
(Table 2).

Sensitivity analysis

Because of the high heterogeneity (I = 97.10%; p <
0.001), a sensitivity analysis was performed. First, to
evaluate the impact of 1 study on the primary results,
we conducted a sensitivity analysis by excluding one
study at a time; however, it did not substantially change
the pooled effect or the level of heterogeneity (Table 3).
We also excluded the following studies: (1) studies

Table 2 Primary analysis and subgroup analysis of proton pump inhibitor use and the risk of colorectal cancer

No. of studies Pooled effect estimate p value Assessment of heterogeneity
OR (95% CI) P (%) p value
Primary analysis
Adjusted 9 1.26 091-1.73 0.166 97.10% <0.001
Unadjusted 6 1.34 0.75-2.39 0.325 97.20% <0.001
Subgroup analyses
Study design
Case-control study 2 1.08 0.57-2.07 0.809 59.90% 0.114
Nested case-control study 4 1.36 0.81-2.28 0.247 98.80% < 0.001
Cohort study 3 1.21 0.74-1.96 0.454 92.00% <0.001
Region
Asia 3 1.72 0.96-3.09 0.067 96.40% <0.001
Europe 3 1.06 0.94-1.20 0.304 19.20% 0.290
America 3 1.04 0.98-1.10 0.185 39.70% 0.190
NOS
NOS >7 7 1.15 0.97-1.37 0.105 78.30% <0.001
NOS <7 2 1.51 0.54-4.22 0.431 98.60% <0.001
Duration of PPI use
0-1 year 2 1.09 0.6-1.98 0.787 50.60% 0.155
>1 year 4 1.22 0.89-1.66 0.213 90.40% <0.001
> 5 years 4 1.19 1.09-1.31 < 0.001 48.00% 0.123
Sample size
< 10000 2 1.08 0.57-2.07 0.809 59.90% 0.114
> 10000 7 1.29 0.90-1.85 0.166 97.80% <0.001
> 50000 5 1.14 0.95-1.37 0.167 85.10% <0.001
Adjusted covariates/confounders
Use of aspirin 6 1.34 0.87-2.07 0.191 97.00% <0.001
Use of statins 4 1.54 0.92-2.59 0.102 97.70% <0.001
Body mass index 4 1.04 0.98-1.10 0.235 0.00% 0.539
Colonoscopy 3 1.04 0.98-1.10 0.204 0.00% 0.380
Inflammatory bowel disease 2 1.63 0.69-3.88 0.268 99.60% <0.001

OR odds ratio, CI confidence interval, NOS Newcastle-Ottawa scale, PP/ proton pump inhibitor
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without lag time analysis [18, 19, 24]; (2) studies in
which PPI use duration data were not available [18, 23,
33]; and (3) studies that included patients with IBD, but
unadjusted IBD as a confounder [19, 23, 31, 32].
However, the correlation was still nonsignificant
(Table 3).

Publication bias

We did not draw funnel plots to assess publication bias be-
cause the use of this approach for less than 10 studies can lead
to a reduction in its evaluating ability and reliability [34]. The
results of Egger’s test and Begg’s test were statistically non-
significant (p = 0.993 and p = 0.466, respectively).

Discussion

A meta-analysis based on nine observational studies showed
that there was no significant correlation between PPI use and
the risk of CRC when PPI exposure was assessed as a binary
variable. However, when we stratified according to the cumu-
lative duration of PPI use, we found that long-term use (> 5
years) of PPIs could slightly increase the risk of CRC.
However, considering the small number of studies focusing
on the association between the long-term use of PPIs and
CRC, and the fact that some risk factors for CRC have not
been fully adjusted, this result should be interpreted with cau-
tion. The preliminary results of our study are consistent with
those of the meta-analysis of Ahn et al. [21], that is, the overall
use of PPIs is not associated with the risk of CRC. However,

Fig. 3 Forest plot of the [ Stedy %
association between prolonged
proton pump inhibitor use (> 5 D OR (95% CI) Weight
years) and the risk of colorectal T
i
cancer. Data are presented as 1
. ; . Robertson, 2007 _ 1.07 (0.85, 1.34) 16.77
adjusted risk ratios !
i
i
Yang, 2007 : 1.10 (0.70, 1.90) 3.49
|
|
Lee, 2020 _— 1.28 (1.15, 1.44) 68.72
‘
i
i
Babic, 2020 - 0.92 (0.69, 1.21) 11.02
i
Overall (I-squared = 48.0%, p = 0.123) <> 1.19 (1.09, 1.31) 100.00
|
|
|
|
|
i
i
i
T T
5 1 2
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Table 3 Sensitivity analysis of the studies
Included studies Pooled effect p value Assessment of

estimate heterogeneity

OR  (95% CI) P (%)  pvalue
All 126 091-1.73 0.166 97.10% <0.001
Exclude study of Robertson 128 0.87-1.87 0206 97.50% <0.001
Exclude study of Yang 127 0.90-1.79 0.166 97.50% < 0.001
Exclude study of van Soest 132 0.93-1.87 0.116 97.40% < 0.001
Exclude study of Chubak 123 0.88-1.72 0232 97.50% <0.001
Exclude study of Lai 1.11 0.95-1.30 0.185 7690% <0.001
Exclude study of Hwang 1.30 091-1.85 0.147 97.50% < 0.001
Exclude study of Babic 132 093-1.87 0.125 97.40% <0.001
Exclude study of Lee 1.29 0.88-1.90 0.198 96.20% < 0.001
Exclude study of Lei 1.18 0.83-1.67 0349 97.40% <0.001
Exclude studies without lag time analysis 1.16 096-1.40 0.118 81.90% <0.001
Exclude studies in which PPI use duration data are not available 1.12 093-1.34 0233 8240% <0.001
Exclude studies in which included participants with IBD or studies unadjusted IBD as a confounder 1.51 0.90-2.53 0.117 98.50% < 0.001

OR odds ratio, CI confidence interval, PP/ proton pump inhibitor, /BD inflammatory bowel disease

the study of Ahn et al. [21] suggested that even if the duration
of PPI use is limited to more than 5 years, PPIs are still not
associated with CRC risk, which is contrary to our conclusion.

Although we use adjusted estimates and random-effects
models that take into account variability and confounding fac-
tors for pooled estimates, there is still a significant heteroge-
neity between the studies. Because relatively few studies are
available for each determinant, meta-regression is not suitable
to explore the source of heterogeneity, so we conducted a
subgroup analysis. Subgroup analysis showed that differences
in study design, study region, cumulative duration of PPI use,
and partially adjusted covariates/confounders could partly ex-
plain this heterogeneity, but the results of most subgroup anal-
yses were still highly heterogeneous. This may be due to dif-
ferences in how PPI exposure and CRC were characterized,
differences in characteristics among different study popula-
tions, and some unmeasured confounders.

Of the 9 studies included in this systematic review, only 2
studies [8, 18] found a correlation between exposure to PPIs
and CRC. The studies by Lai et al. [18] and Lei et al. [8]
showed that the use of PPIs can increase the risk of CRC by
more than 2-fold. In addition, in the study of Lai et al., the
average duration of exposure to PPIs was 75 days, which
obviously could not lead to CRC, a disease with a long induc-
tion period. We considered that some occult CRC patients
were treated with PPIs because of vague symptoms of the
upper digestive tract associated with undiagnosed CRC,
resulting in a false association between PPIs and CRC. Lag
time analysis of drug exposure can avoid this protopathic bias
to some extent, and the 6 included studies [8, 20, 23, 31-33]
used a 1-year lag time analysis, so we conducted a sensitivity

analysis based on these studies; the results remained the same.
The results of Lei et al. [8] show that the risk of CRC con-
tinues to increase with more frequent use of PPIs.
Unfortunately, although some studies have reported defined
daily doses, the cutoff ranges varied, so the dose—response
relationship could not be demonstrated. In addition, the lead
time bias should not be ignored in this study. The develop-
ment of CRC is expected to take at least 10 years before
clinical testing [19], but most cases with PPI exposure before
the diagnosis date were followed up for less than 10 years.
Therefore, a longer follow-up time is required to identify any
causative links. In addition, a prospective cohort study [24]
followed up for 26 years showed that no increase in CRC risk
was observed even after a 10-year lag in drug use.

Although the relationship between the use of PPIs and
CRC is uncertain, several possible pathophysiological mech-
anisms have been proposed. Studies have shown that
lansoprazole and ilaprazole, novel and specific T-lympho-
kine—activated killer cell-originated protein kinase (TOPK)
inhibitors, can directly inhibit the anchorage-independent
growth of colorectal cancer cells with high TOPK levels
in vitro and in vivo [35, 36]. However, more evidence is
needed for this potential targeting effect. Another study
showed that omeprazole inhibited the proliferation and carci-
nogenesis of colon cancer cell lines in a rat azomethane
(AOM) model [37].

An indirect mechanism of PPIs in the development of CRC
seems more likely. First, long-term use of PPIs will cause an
increase in serum gastrin levels in most individuals, although
there is a great variability [38]. In addition, two prospective
studies have shown a statistical association between
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hypergastrinemia and colorectal cancer or colorectal adenoma
[39, 40]. Previous studies have suggested that gastrin, a pep-
tide hormone with mitogen function, has tumorigenic nutri-
tional effects [41] and fosters the tumor microenvironment
[42]. The growth-promoting effect of hypergastrinemia
caused by PPIs on CRC cells has been confirmed in a mouse
model [43]. However, it is worth noting that some studies
suggest that PPIs can block the nutritional effect of gastrin
on colonic epithelial cells in vivo and in vitro [44, 45]. It has
also been reported that gastrin inhibits the growth of colon
cancer by inhibiting the EGR1/anion exchanger-2/P16/P-
ERK signaling pathway [46]. Thus, the available evidence
suggests that PPIs can affect tumor development via gastrin,
but it is hard to determine whether it is promoted or inhibited.

Second, long-term use of PPIs significantly reduces the
abundance and microbial diversity of intestinal symbiotic bac-
teria [47]. This intestinal dysbiosis is related to the occurrence
of CRC [48]. Moreover, PPIs have been shown to promote the
reproduction of certain bacteria (e.g., Escherichia coli,
Enterococcus, Streptococcus) associated with the pathogene-
sis of CRC [49, 50]. These bacteria themselves, their derived
virulence factors, and/or metabolites formed by fermentation
by-products can drive the host’s pro-inflammatory or anti-
inflammatory immune response and influence the composi-
tion of the tumor microenvironment [51]. In addition, a rodent
experiment demonstrated that PPIs could increase
Clostridium perfiingens abundance and promote the produc-
tion of Clostridium perfringens enterotoxin to further activate
yes-associated protein to enhance the progression of CRC
[43]. Third, the use of PPIs has been shown to be associated
with microscopic colitis [52]. Although the mechanism is un-
clear, microscopic colitis has been found to be negatively
correlated with the risk of colorectal cancer and adenoma by
multiple studies, including a prospective study [53, 54]. In
contrast, several studies have reported that a systemic chronic
inflammatory state is one of the causes of CRC [55], and the
levels of circulating inflammatory biomarkers (such as C-
reactive protein) have been related to the progression of
CRC [56]. Long-term use of aspirin as an anti-inflammatory
drug has been shown to prevent CRC [7]. Moreover, a cross-
sectional study among subjects referred for colonoscopy
found that the use of PPIs was associated with elevated fecal
levels of calcitonin [57], which is a neutrophil degradation
product related to intestinal inflammation and is regarded as
a sensitive noninvasive marker of CRC [58].

This meta-analysis has several strengths. Compared with
the previous meta-analysis, our study includes a larger sample
size (n = 1,036,438), more studies (n = 9), and the latest
studies, including three cohort studies [8, 23, 24], which
makes our study more statistically powerful. We also analyzed
the correlations between different exposure durations of PPI
and colorectal cancer. In addition, we used adjusted OR values
to minimize the impact of confounders.

@ Springer

However, there are also some limitations of our meta-anal-
ysis. First, all the included studies were observational studies.
Although some studies included sophisticated methods, such
as propensity score analysis [8], inherent bias and selection
bias cannot be avoided. Therefore, we cannot confirm the
existence of causality. Second, all but 2 of the included studies
[23, 24] defined PPI exposure based on a prescription data-
base, and some people may use over-the-counter drugs or fail
to follow prescriptions, which will lead to misclassification of
exposure status. In addition, the study of Babic et al. [24] used
questionnaires to ask about the “regular use” of drugs, which
is highly volatile. Third, due to the lack of original data, there
is no subgroup analysis based on the individual type of PPlIs.
Lei et al. [8] found that the use of lansoprazole, omeprazole,
and esomeprazole increased the risk of CRC, but the use of
pantoprazole and rabeprazole was not associated with an in-
creased risk of CRC. This is similar to the conclusion of an-
other study that compared the incidence of CRC among users
of pantoprazole and other PPIs [59]. We are also unable to
analyze the association based on the tumor site due to the lack
of sufficient data. Therefore, further studies are needed to
evaluate the correlations between different types of PPIs and
different tumor sites while controlling for other confounding
factors. Finally, some important covariates/confounders relat-
ed to cancer risk have not been reported or well-adjusted in the
included study, including several known risk factors for CRC,
such as diet, physical activity, body mass index, history of
colonoscopy, Helicobacter pylori infection, use of aspirin/
NSAIDs, inflammatory bowel disease, hereditary cancer syn-
drome, and family history of CRC. Future studies should ad-
just for as many confounders as possible to provide a more
realistic illustration of the relationship between PPIs and the
risk of CRC.

Conclusion

Our results show that although there may be a weak associ-
ation between the long-term use of PPIs (> 5 years) and the
risk of CRC, this conclusion was drawn based on limited
observational studies, many potential confounders, and dif-
ferent definitions of exposure duration. Therefore, we do
not have enough statistical power to refute or confirm an
association between the use of PPIs and CRC. Further pro-
spective cohort studies with large sample sizes, high quali-
ty, and long follow-up periods are needed to assess the cor-
relation between PPI use and the risk of CRC. PPIs should
be given for the shortest possible time with the lowest ef-
fective dose for an appropriate indication before clear con-
clusions can be drawn.
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