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A B S T R A C T

Background: There is increasing interest in the potential association between proton pump inhibitors (PPIs) and
the risk of gastric and oesophageal cancer, yet the effect of duration of treatment needs clarification.
Methods: This Swedish population-based cohort study assessed the influence of time since initiation of PPI
treatment on the risk of gastric and oesophageal cancer, presented as standardised incidence ratios and 95%
confidence intervals.
Results: The risk of gastric and oesophageal cancer during the first year was 7–10 times higher than the back-
ground population, and remained 24–202% increased without any decrease over time after the first year.
Conclusion: PPI use was associated with an increased risk of gastric and oesophageal cancer and the risk re-
mained increased over follow-up. These results support our original hypothesis that use of PPIs may be a risk
factor for gastric and oesophageal cancer in the general population of maintenance users, independent of un-
derlying indications.

1. Introduction

The interest in the potential risks related to long-term use of proton-
pump-inhibitors (PPIs) has increased during the last few years, partly
due to studies indicating increased risks of cancer and increased overall
and cancer-related mortality [1–10]. A recent meta-analyses sum-
marised the risk for gastric cancer, included 7 original studies, and
showed a potential 2.5 increased relative risk of gastric cancer among
long-term users, in particular among individuals exposed for 3 years or
longer [11].

One of the included studies was our population-based study from
Sweden assessing maintenance use [12], as defined as an estimated
accumulated dosage of 6 months or more, a cohort which was also used
to assess the risk of oesophageal cancer [13,14]. In our original na-
tionwide and population-based studies we assessed the risk of gastric
and oesophageal cancer overall, by indications of use and by the esti-
mated duration of use [12,13]. The duration analyses were based on the
exposure accumulated during the study period, estimated by adding the
number of days as defined by the defined daily dose [DDD] for each

prescribed and dispensed package. We only included individuals who
accumulated at least 6 months of treatment, which is longer than the
standard recommended duration of use [15], and was therefore con-
sidered maintenance use.

Yet, there are limitations related to the previously used method used
to assess duration of use. Individuals who only contributed a few years
into the cohort (because of death, cancer or enrolment towards the end
of the study period) could never have accumulated 5 years of exposure.
We also grouped them in mutually exclusive groups, so each individual
could only contribute person-time to one of the 4 categories of duration
of treatment; since the estimated duration did not necessarily corre-
spond to the actual duration of exposure (for which reliable data are not
available in the Prescribed Drug Registry). This may have led to an
immortal time bias, implying that individuals in the category exposed
to more than 5 years of treatment could not have developed cancer
during the first 5 years. As a result, selection and survival bias occurred,
which makes it difficult to assess the true effect related to duration of
PPI exposure based on the presented findings. This may have been re-
flected in the unexpected downward trend of the risk estimates over
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time, which did not support our hypothesis of an effect of PPIs on
gastric or oesophageal cancer development independent of the under-
lying indications.

Therefore, the aim of the present study was to assess the risk of
gastric and oesophageal cancer based on the same cohort, but instead
analysing the time since start of the treatment which should be a closer
approximation to any true effect.

2. Material and methods

This nationwide Swedish population-based cohort, described pre-
viously in detail [12–14], was used to examine the association between
duration of PPI use and the risk of gastric and oesophageal cancer
[12–14]. The risk was compared to the Swedish background popula-
tion, and only individuals without a history of any cancer were included
[12,13]. Only adults (≥18 years) without a history of any cancer were
included. Individuals who were exposed to maintenance use of both a
PPI and a histamine-2-receptor antagonist (the most common alter-
native treatment for most of the PPI indications) during the study
period were excluded. The study was approved by the Regional Ethical
Review Board in Stockholm (2014/1291-31/4).

2.1. Exposure

PPI use was defined by the A02BC code of the Anatomical
Therapeutic Chemical classification system (ATC). Maintenance use of
any PPI was defined as at least 180 days of accumulated use during the
study period (before onset of any cancer), estimated based on the
Defined Daily Dosage (DDD) per package as registered in the Swedish
Prescribed Drug Registry [12,13]. The DDD is the average daily main-
tenance dose for a drug when used for its main indication in adults, and
therefore “DDD per package” is an approximation of the actual use
[16]. PPIs are also available over-the-counter in Sweden, but only in
smaller and more expensive packages for temporary use, thus making it
unlikely to be used for longer term purposes [17].

Duration of use was now defined in relation to time since start of
treatment, which was categorised as first year,≥1–3 years, ≥3–5 years
and ≥5 years since the first prescribed and dispensed PPI during the
study period (from July 2005 to December 2012).

2.2. Outcomes

The main outcome was a first episode of gastric adenocarcinoma
(including gastric cardia), oesophageal adenocarcinoma or oesophageal
squamous cell carcinoma according to the Swedish Cancer Registry.
The anatomical locations of respectively gastric and oesophageal cancer
were defined by the C16 and C15 diagnostic codes of the International
Classification of Diseases (ICD), 10th version. Adenocarcinoma and
squamous cell carcinoma were defined by the histology codes 096 and
146, respectively.

3. Calculation

The risk of gastric and oesophageal cancer among maintenance PPI
users was compared to the risk in the entire Swedish background po-
pulation of the same sex (male or female), age group (categorised
as< 40, 40–49, 50–59, 60–69, or ≥70 years), and calendar period
(categorised as 2005–2006, 2007–2009, or 2010–2012). Follow-up
time was calculated from the dispense date of the first prescription of
PPIs within the study period until death, any cancer, or end of study
period (31st December 2012), whichever occurred first. There were no
missing data on the exposure, outcome, age, sex, or calendar period.

Standardised incidence ratios (SIRs) and 95% confidence intervals
(CIs) were calculated by dividing the observed number of cases with the
expected number, while accounting for changes in age and calendar
categories [18]. The expected numbers were derived from the Swedish

Cancer Registry and population statistics from Statistics Sweden [19].
The risk of cancer was assessed per time period, so all individuals have
contributed person time to first group (first year after start PPI treat-
ment), yet earlier person-time was not included in the analyses of the
other time periods (which would have inflated person-time for those
exposed to PPIs). Therefore, an individual who was followed-up for
more than 5 years, contributed time to all 4 time-period analyses.

4. Results

In total, 796,425 adults were exposed to maintenance PPI use
during the study period, of whom 59% were female, and 34% were 70
years or older (Table 1). Half of the cohort (53.5%) was followed up for
≥5 years. Overall, 2931 individuals developed gastric or oesophageal
cancer, including 1929 gastric adenocarcinoma, 649 oesophageal ade-
nocarcinoma and 353 oesophageal squamous cell carcinoma. During
the first year after PPI treatment initiation, the risk of these cancers was
strongly increased, with SIRs between 6.91 and 9.90, which was to be
expected due to reverse causality (PPIs prescribed because of symptoms
because of yet undiagnosed cancer in part of the cohort) (Table 2). Yet,
the SIRs for gastric and oesophageal adenocarcinoma remained in-
creased even after the first year of treatment, without any decreasing
trend over time, and a 1.31 (95% 1.12–1.53) and 1.91 (1.48–2.43)
increased risk 5 years or more after the start of the treatment. For
squamous cell carcinoma, the risk appeared to increase over time since
start of treatment (excluding the first year), although the 95% CI did
not reach statistical significance for the periods ≥1-3 years and ≥3-5
years after start of the treatment, with a SIRs of 1.48 (1.04–2.04) ≥5
years after treatment initiation.

5. Discussion

This nationwide population-based study supports the hypothesis
that long-term PPI may be an independent risk factor for gastric and
oesophageal cancer, irrespective of underlying indications of use and
confounding by indication. As shown previously, the risk of these
cancer types was increased even in patients without apparent risk fac-
tors for these cancer types, e.g. those exposed to maintenance therapy
with aspirin or non-steroidal anti-inflammatory drugs, respectively 35%
and 30% of the cohort [12,13]. Only 25% of the total cohort had re-
corded gastro-oesophageal reflux, one of main known risk factors for
oesophageal adenocarcinoma [13]. Several pathophysiological me-
chanisms have been postulated to explain the potential risks related to
long-term PPI use, yet few clinical studies exist and most current

Table 1
Descriptive characteristics of all adults exposed to maintenance therapy with
proton pump inhibitors in Sweden during 2005–2012.

Total
Number (%)

Total 796,492 (100)
Sex

Men 330,652 (41.5)
Women 465,840 (58.5)

Age
<40 years 88,775 (11.2)
40–49 years 103,784 (13.0)
50–59 years 155,625 (19.5)
60–69 years 177,610 (22.3)
≥70 years 270,698 (34.0)

Calendar period
2005–2006 437,230 (54.9)
2007–2009 227,141 (28.5)
2010–2012 132,121 (16.6)

Gastric adenocarcinoma 1929 (0.24)
Osophageal adenocarcinoma 649 (0.08)
Oesophageal squamous cell carcinoma 353 (0.04)
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evidence is based on cross-sectional data or mechanistic animal studies
[20]. We hypothesise that the PPI-related changes in microbiome
composition, structure and function may be associated with the ap-
parently persistent increased risk of gastric and oesophageal cancer.
Previous microbiome studies have suggested that PPIs are the drug
group changing the lower-gut microbiome composition most drastically
based on cross-sectional population-based data, so even more than
antibiotics [21,22]. There is less clinical evidence available to date how
PPIs affect the gastric and oesophageal microbiota composition in hu-
mans, beyond the unfavourable effects for Helicobacter pylori [23–25].
Yet, PPI-induced dysbiosis may result in chronic inflammation and/or
genotoxicity, consequently promoting carcinogenesis [26–28].

By assessing the risk of cancer per time period since initiation of
treatment, this study also shows that the risk does not decrease over
time since initiation of PPI treatment, which would be expected if the
treatment was initiated because of cancer-related symptoms, or if
treatment of risk factors for cancer was entirely successful.

H2-receptor antagonists are used for relatively similar indications as
PPIs and therefore a good comparator to evaluate potential con-
founding by indication. Yet, H2-receptor antagonists are clearly less
popular, and in Sweden only 20,177 long-term users of H2-receptor
antagonists were identified during the study period (who did not use
long-term PPIs in parallel) [12,13]. Our previous studies showed a 43%
reduced risk of gastric cancer compared to the background population,
and 50–60% (non-significant) decrease of oesophageal adenocarcinoma
and squamous cell carcinoma [12,13], with the numbers too low to
further stratify by time since start of treatment (10 cases of gastric
adenocarcinoma, 2 oesophageal adenocarcinoma and 2 squamous cell
carcinoma of the oesophagus).

This cohort is the largest cohort described so far assessing the risk of
gastric and oesophageal cancer among PPI users, and includes all in-
dividuals in Sweden exposed to large quantities of prescribed PPIs
during the study period. Although no information was available on PPI
use before the study period, this study only includes individuals on
maintenance use, who are therefore expected to be “long-term” users.
Nevertheless, some of the individuals may have taken PPIs because of
yet undiagnosed cancer-related symptoms, which may also have de-
layed diagnosis.

6. Conclusions

These findings support the hypothesis that long-term PPI use is an
independent risk factor for both gastric and oesophageal cancer, irre-
spective of the underlying indications of use.
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