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Proton pump inhibitors (PPIs) are very effective in
maintaining symptomatic and endoscopic remission of acid
peptic disorders, such as gastro-oesophageal reflux
disease. Side effects with respect to function and
morphology of the gastric mucosa are common.
Helicobacter pylori eradication can partially prevent and
reverse these effects without impairing PPI therapy for
gastro-oesophageal reflux disease. This makes long term
PPI treatment a safe therapy for patients with acid peptic
disorders. The potential side effects of such therapy are
discussed here.
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P
roton pump inhibitors (PPIs) have become a
major asset in our pharmacological arma-
mentarium over the past 15 years. These

drugs are very efficacious for the treatment of
acid peptic disorders, conditions which are
common throughout the world. In Asia and
developing countries, peptic ulcer disease is still
the most common acid peptic disorder, although
the incidence of this condition is changing. In
the West, gastro-oesophageal reflux disease
(GORD) is now far more common than peptic
ulcer disease. In a Canadian primary study, 43%
of patients presenting with dyspepsia were
diagnosed with oesophagitis and 5% with peptic
ulcer disease.1 In a recent survey in a population
of 500 000 primary care patients, we observed
that the annual incidence of new cases of
Barrett’s oesophagus had more than doubled in
the period from 1996 to 2003,2 also demonstrat-
ing the very common presence and increasing
prevalence of GORD and its associated complica-
tions. In all of these conditions, PPIs are the most
effective acid suppressive treatment. In addition,
widespread use of non-steroidal anti-inflamma-
tory drugs in populations at risk of gastroduo-
denal side effects is another common indication
for PPI therapy. In the Netherlands, 21% of PPI
prescriptions are given for gastroprotection to
non-steroidal anti-inflammatory drug or aspirin
users.3 The use of PPIs is thus increasing and this
increase may continue over the coming years for
several reasons. Reasons include the further rise
in the prevalence of GORD and the availability of
over the counter and generic PPIs. Furthermore,
studies have shown that 70–80% of non-steroidal
anti-inflammatory drug users at risk for gastro-
duodenal complications do not yet receive
gastroprotection.4 5 This may explain the
unchanging incidence of complicated ulcer dis-
ease despite a decrease in the prevalence of
Helicobacter pylori.6

In the Dutch population, the percentage of
subjects who use at least one PPI prescription per
year is now approximately 4%. The majority of
these patients use a PPI for a short period, more
than 50% stop within the first year of treatment,
but approximately one third continue for more
than two years.3 Hence our experience of main-
tenance therapy with PPIs is now 22 years of
continuous treatment, in particular in patients
with severe reflux disease. Given the high
incidence of acid related disorders and the
excellent efficacy of PPIs for the treatment of
these conditions, the safety of long term PPI
treatment is very relevant.

This review focuses on PPI therapy and the
development and diagnosis of gastric neoplasia.
PPIs and the development of gastric neoplasia
relate to hypergastrinaemia and gastritis. PPIs
and the diagnosis of gastric neoplasia relates to
symptoms and the accuracy of diagnostic endo-
scopy.

PPIs, HYPERGASTRINAEMIA, AND
GASTRIC NEOPLASIA
PPIs and gastric carcinoids
Profound acid suppressive therapy leads to
hypergastrinaemia in nearly all patients. In the
majority, serum gastrin levels are only moder-
ately increased (,400 ng/l or ,4 times the upper
limit of normal). In most of these patients,
serum gastrin levels quickly normalise after
withdrawal of PPI therapy. In some patients
however gastrin levels during PPI therapy can
increase to higher levels (400–4000 ng/l) and
may show slower or incomplete normalisation
after PPI withdrawal.7 The latter group are more
often infected with H pylori and have a high
prevalence of atrophic gastritis of the gastric
body mucosa.

‘‘Profound acid suppressive therapy leads to
hypergastrinaemia in nearly all patients’’

When PPIs were introduced, the sustained
hypergastrinaemia due to PPI maintenance
therapy raised concern. In rats, prolonged hyper-
gastrinaemia as a result of profound acid
suppression results in hyperplasia of enterochro-
maffin-like cells. This can ultimately lead to
gastric carcinoid formation.8 However, this phen-
omenon has never been observed in other
species. In humans, diffuse, linear, or micro-
nodular hyperplasia of enterochromaffin-like

Abbreviations: PPI, proton pump inhibitor; GORD,
gastro-oesophageal reflux disease; FGP, fundic gland
polyps; FAP, familial adenomatous polyposis; IPCI
database, Dutch Integrated Primary Care Information
database
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cells is observed in 10–30% of chronic PPI users, in particular
in H pylori positive patients with more markedly increased
gastrin levels.9 Most of these patients have moderate to severe
inflammation of the body mucosa, often with atrophic
changes. The apparent enterochromaffin-like cell hyperplasia
may indicate an actual increase in these cells but it may also
be the result of their clustering in an otherwise atrophic
mucosa (‘‘pseudo hyperplasia’’). Most importantly, dysplasia
or invasive carcinoid formation has never been described in
long term PPI users and thus is not an indication for
surveillance in PPI maintenance users.

PPIs and fundic gland polyps
PPI induced hypergastrinaemia has also been associated with
the development of fundic gland polyps (FGPs). These lesions
are the most common polyps in the stomach and are usually
sessile, rather weak on contact, and only located in the acid
secreting corpus mucosa. Histologically, they consist of
distorted glandular cysts lined with fundic-type epithelial
cells. FGPs are common in patients with familial adenoma-
tous polyposis (FAP), and also occur in other patients as
sporadic FGPs. A relation between sporadic FGPs and PPI
therapy has been questioned but most of the literature
suggests a rather strong association between these polyps and
PPI maintenance therapy.10 The exact aetiology of sporadic
FGPs is unknown although an association with b-catenin
gene mutations has been described.11 12 The majority of PPI
associated FGPs are however clearly associated with hyper-
gastrinaemia leading to parietal cell hyperplasia with protru-
sion into the lumen of the gland. This leads to narrowing of
the glandular lumen and cystic dilation of the gland.10 We
therefore proposed the hypothesis that these polyps are
mainly the mechanistic result of impaired glandular flow.10

This is supported by the fact that dysplastic changes in FGPs
developing during PPI therapy are very rare and have only
been reported in a few individual cases, despite the frequency
of these polyps during PPI therapy.13 14 Dysplasia is common
in FAP associated FGPs, with a prevalence ranging from 2%
to 53% in various series.13 FGPs with and without dysplasia
have been described in FAP patients on PPI therapy,15 but it is
not known whether PPI therapy increases the risk of FGPs
and dysplasia in FAP patients. Apart from FAP patients, a
diagnosis of FGP during PPI therapy does not warrant
endoscopic removal of polyps, nor does it require surveillance
or withdrawal of PPI therapy, given the fact that these lesions
do not progress and only seem to develop dysplastic changes
in extremely rare cases.

PPIs, GASTRITIS, AND GASTRIC NEOPLASIA
Acid secretion and Helicobacter pylori colonisation
Discussion on the long term safety of PPIs initially focused on
gastrin but the main interest has in the past decade shifted to
PPIs and gastritis. The key issue in the understanding of this
topic is the interrelation between acid secretion and H pylori
colonisation. In subjects in whom acid production is intact, H
pylori predominantly colonises the gastric antrum. This
colonisation pattern is associated with an antral predominant
gastritis. Inflammation of the antral mucosa stimulates
gastrin secretion which maintains acid production at a
normal to high level and thus keeps the pattern intact. In
contrast, in subjects in whom acid production is decreased by
whatever mechanism, including the use of PPIs, H pylori also
colonises the body of the stomach, leading to a corpus
predominant gastritis (fig 1). Inflammation of the gastric
corpus mucosa further impairs acid secretion despite the
increase in gastrin as a result of both the concomitant
inflammation of the antrum and the reduction in acid
secretion. Again the circle is kept intact. The occurrence of
body gastritis with impairment of parietal cell function
augments the acid suppressive effect of the PPI.16 This effect,
although measurable in intragastric pH studies, is of limited
magnitude in comparison with the overall effect of the PPI
itself, and therefore has only limited clinical consequences. It
appears only in the first few weeks of treatment when PPIs
have a higher efficacy for healing of erosive oesophagitis in H
pylori positive than in H pylori negative patients.

‘‘H pylori status is not an issue in the dosing of a PPI for an
individual patient’’

In a large study from Germany, investigators found an
approximate 10% difference (86% v 76%) in the healing rates
for H pylori negative and positive patients with erosive
oesophagitis when treated with pantoprazole 40 mg once
daily for four weeks.17 This difference however disappeared
after eight weeks of treatment. Likewise, a long term
maintenance study failed to find a difference in the efficacy
of PPI maintenance treatment between H pylori positive and
negative patients.9 From these studies, one can conclude that
the initial acid suppressive effect of PPIs is somewhat higher
in H pylori positive than in H pylori negative patients as a
result of the augmenting effect of corpus gastritis further
impairing acid secretion. Yet, the clinical relevance of this
phenomenon is very limited and H pylori status is thus not an
issue in the dosing of a PPI for an individual patient.

Long term consequences of corpus predominant
gastrit is
The pattern of corpus predominant gastritis persists through-
out treatment with a PPI in H pylori positive patients. The
possible consequences of this phenomenon have been the
issue of much debate over the past decade. Firstly, it was
consistently found that the incidence of atrophic gastritis was
higher in subjects with a condition effecting acid secretion,
such as gastric ulcer disease, previous vagotomy, or PPI
maintenance treatment, than in the general population.18–24

We therefore studied the development of atrophic gastritis in
two populations of GORD patients: one treated with
fundoplication without further acid suppressive therapy and
one treated with omeprazole maintenance therapy. We found
that the incidence of atrophic gastritis was very low in H
pylori negative cases irrespective of the modality of treatment,
and also in H pylori positive patients when treated with
fundoplication.25 However, in H pylori positive cases treated
with omeprazole maintenance therapy, a steady gradual
development of atrophic gastritis was observed within the
first years of treatment so that after an average of five years

Figure 1 Proton pump inhibitor (PPI) therapy in Helicobacter pylori
positive patients changes the gastritis pattern from antral predominant to
corpus predominant pan-gastritis.
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of treatment approximately one out of every three patients
had developed this condition.25 In subsequent years, these
findings were claimed to be refuted by another study with a
randomised but otherwise similar design following GORD
patients who were treated with either fundoplication or
omeprazole maintenance therapy.26 However, when carefully
comparing both studies, it seems that both showed very
similar patterns of changes, both with respect to induction of
a corpus predominant gastritis and the rate of development
of atrophic changes in H pylori positive patients treated with
omeprazole. The fact that the second study was nevertheless
unable to confirm a significant difference in the progression
towards atrophic gastritis between H pylori positive patients
treated with fundoplication versus those treated with
omeprazole could be fully attributed to the lack of power of
this study which included fewer patients and had a shorter
follow up time.27–29

‘‘The pattern of corpus predominant gastritis persists
throughout treatment with a PPI in H pylori positive patients’’

In a recent update of the same study, now with seven years
follow up, the authors confirmed a similar progression towards
atrophic gastritis in H pylori positive patients treated with acid
suppression as previously noted by others.30 The immediate
effect of PPI therapy on the distribution of H pylori gastritis
invariably has been confirmed in all studies on this topic. The
progression towards atrophic gastritis has also been confirmed
in most other PPI studies,9 31 32 but not in all.33 34 The main
difference between these studies was the duration of follow up,
being considerable longer in the studies which observed
progression towards atrophy in H pylori positive patients.

The debate on the long term consequences of PPI
treatment in H pylori positive patients also focussed on the
actual histological aspects of atrophic gastritis. Further
studies confirmed that this was a true loss of glands instead
of a false interpretation of inflammation. Firstly, this was
based on different kinetics of inflammation and atrophy,
with body inflammation occurring immediately after the
start of PPI therapy and atrophy only developing over several
years. Secondly, other studies showed that atrophy but not
corpus gastritis by itself lowered serum vitamin B12 levels
and was associated with very high gastrin levels during
omeprazole maintenance therapy.7 35 In one follow up study
of GORD patients using PPI maintenance treatment, we
found that some developed very high gastrin levels (4–
40 times the upper limit of normal).7 These patients were
nearly all infected with H pylori and approximately 55% had
signs of atrophic gastritis. In general, monitoring of serum
gastrin levels and serum vitamin B12 levels is not considered
useful in PPI maintenance users.

Other factors potentially affecting gastric cancer risk
Several studies have also addressed the fact that profound
acid suppressive therapy can be associated with bacterial
overgrowth with non-Helicobacter species within the stom-
ach.36 It seems that this is more common in H pylori positive
patients, in particular in the presence of atrophic gastritis.
This bacterial overgrowth has been associated with more
severe gastritis and increased serum cytokine levels.36 The
clinical importance of these observations remains to be
evaluated. In particular, it is not known whether bacterial
overgrowth is a consequence of atrophic gastritis in PPI users
or a contributing aetiological factor.

Gastric cancer in PPI users
The development of atrophic gastritis in H pylori positive
subjects with low acid production has been a consistent
observation. The long term consequences, in particular with

respect to the risk of gastric cancer development, require
further study. The available cohort studies in chronic PPI
users do not provide data with gastric cancer as the end
point. This can be explained simply by the lack of sufficient
power of those studies with respect to both the number of
subjects included and the period of follow up. In addition,
even if the cohorts were larger, they would still lack adequate
controls with the same acid peptic condition and followed in
the same manner but not treated with a PPI. In the absence
of such controlled cohort data, one may look for observa-
tional data from large population databases.

‘‘The development of atrophic gastritis in H pylori positive
subjects with low acid production has been a consistent
observation’’

One such database is the Dutch Integrated Primary Care
Information (IPCI) database. This general practice research
database contains the computer based medical records of
more than 500 000 patients in the Netherlands. This dynamic
database was started in 1992 and has since expanded. The
IPCI population has the same sex and age distribution as the
Dutch general population The database contains the records
of 27 328 patients who used at least one PPI prescription.
During eight years of follow up, 45 (0.16%) were diagnosed
with gastric cancer compared with 22 (0.01%) gastric cancer
cases among 358 000 subjects not using a PPI and followed
for at least one year (Eva van Soest, unpublished data). This
may at first glance seem a striking difference but from these
data one can only conclude that PPI treatment does not
protect against gastric cancer, a finding that is not surprising.
The conclusion that PPI treatment increases the risk for
gastric cancer development is not justified, as there are at
least two important confounders that can fully explain the
observation of a higher gastric cancer incidence among PPI
users than controls. The first is protopathic bias (that is, PPIs
were prescribed for initial symptoms related to the already
present cancerous lesion). This is supported by the observa-
tion that the ratio of observed versus expected gastric cancer
cases was the highest in the first 12 months after the start of
PPI therapy. The second important bias may come from
confounding by indication (that is, PPIs are given for
conditions which by themselves increase the risk of gastric
cancer, such as dyspeptic complaints related to H pylori
infection and gastric ulcer disease).

‘‘PPI therapy affects the pattern and severity of H pylori
gastritis and accelerates the process of corpus gland loss’’

In summary, PPI therapy affects the pattern and severity of
H pylori gastritis and accelerates the process of corpus gland
loss. At present there is no proof that this increases the risk of
gastric cancer. There are however circumstantial data both
from Japan37 and Europe38 that persistent corpus predomi-
nant gastritis and atrophy are major risk factors for the
development of gastric cancer. Together, the Maastricht
consensus panel on the management of H pylori infection
therefore concluded that acid suppression affects the pattern
and distribution of gastritis, favouring corpus predominant
gastritis.39 This may accelerate the process of loss of
specialised glands leading to atrophic gastritis, and therefore
the advice of the consensus panel was to consider H pylori
eradication in infected subjects requiring long term main-
tenance treatment with a PPI.39

Effect of H pylori eradication
The question now becomes, what is the effect of H pylori
eradication in long term PPI users? The first study to answer
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this was performed in a small population. It showed that
development of atrophic gastritis could be prevented by H
pylori eradication at the start of one year of omeprazole
therapy for GORD.40 In a further two year cohort study in
patients who, on average, had already received a five year
treatment course of omeprazole for GORD, we observed that
eradication of H pylori led to resolution of corpus gastritis and
regression of atrophic gastritis, even when this condition was
already present in a more severe form.41 Healing of gastritis
and resolution of atrophy was not associated with the need
for a higher dose of PPI. We thus concluded that H pylori
eradication induces regression of gastric mucosal inflamma-
tion and atrophy in chronic PPI uses, without affecting the
efficacy of PPI therapy for GORD.41

‘‘H pylori eradication induces regression of gastric
mucosal inflammation and atrophy in chronic PPI uses,
without affecting the efficacy of PPI therapy for GORD’’

PROFOUND ACID SUPPRESSION AND THE
DIAGNOSIS OF GASTRIC CANCER
Empirical PPI therapy is widely used and advocated in
various guidelines. However, concern is that empirical
treatment may interfere with the diagnosis of gastric cancer
leading to diagnostic delay, impairing treatment options and
survival. This may occur in two ways. Firstly, the use of acid
suppressors may reduce symptoms and thus delay diagnostic
endoscopy. Secondly, when endoscopy is performed, treat-
ment with a PPI may conceal visualisation of early gastro-
oesophageal cancer and lead to a false negative endoscopy.
With respect to the first issue, most guidelines advise limiting
the duration of empirical treatment, in particular in elderly
subjects, and to refer patients with alarm symptoms for
immediate endoscopy without prior empirical therapy.
Unfortunately, there are discrepancies between guidelines
and clinical practice. An interesting primary care study from
the UK showed that 20% of patients with alarm symptoms in
the presence of an undiagnosed gastric or oesophageal
adenocarcinoma received empirical acid suppressive treat-
ment instead of an immediate referral for endoscopy.42 As
expected, this treatment did not have an effect on those
symptoms and later referral occurred. Furthermore, the
correlation between gastro-oesophageal cancer and alarm
symptoms is limited. In particular, many patients with gastric
cancer present with non-specific complaints. These patients
are likely to receive empirical PPI treatment. In the study
from the UK, 52% of 339 patients with gastro-oesophageal
cancer and benign symptoms had received antisecretory
treatment between the onset of symptoms and diagnosis.42 In
other European studies, 43–53% of large cohorts of patients
with gastro-oesophageal cancer had received an antisecretory
drug prior to the first endoscopy.43 44 Obviously, this may
delay the timing of diagnostic endoscopy. In one study which
specifically addressed this, antisecretory treatment led to a
mean 3.9 months delay before endoscopy was performed.42

‘‘Concern is that empirical treatment may interfere with the
diagnosis of gastric cancer leading to diagnostic delay,
impairing treatment options and survival’’

A second issue is whether PPI treatment increases the risk
of obscuring the diagnosis of cancer when endoscopy is
performed. PPI treatment may lead to re-epithelialisation of a
malignant ulcer.43 45 A small case series described complete
resolution of endoscopic abnormalities in seven patients with
ulcerated early gastric cancer who received a course of PPIs
while awaiting a second confirmatory endoscopy.45 In one

cohort study of 116 patients with gastro-oesophageal
adenocarcinoma, prior acid suppressive treatment was clearly
associated with failure to reach a diagnosis at first
endoscopy.43 The diagnosis of cancer or a precancerous lesion
had been missed at first endoscopy in only one (2%) of 54
patients not receiving acid suppressive treatment, two (12%)
of 17 patients receiving a H2 blocker, and 20 (44%) of 45
patients receiving PPI treatment.43 Fifteen of those 20
patients were diagnosed with gastro-oesophageal cancer
within two years after the index endoscopy. These alarming
findings were contradicted in a recent large cohort study
from Denmark focusing on 27 829 patients undergoing a first
diagnostic gastroscopy.44 Gastro-oesophageal cancer was
diagnosed at this index endoscopy in 461 patients, and in
another 52 patients during a median follow up of 2.7 years
after the first endoscopy. Therefore, signs of cancer were
missed at the index endoscopy in 11% of cancer patients. This
risk was the same in users and non-users of a PPI.44 The
authors concluded that very few cancers were missed during
upper gastrointestinal endoscopy but the miss rate actually
corresponded with a miss rate of one cancer per 536
endoscopies, or presumably one lesion per average endosco-
pist per year.

‘‘PPI therapy may delay diagnostic endoscopy and can in
some settings also increase the risk of failure to diagnose
cancer during endoscopy’’

In summary, one can conclude that PPI therapy may delay
diagnostic endoscopy and can in some settings also increase
the risk of failure to diagnose cancer during endoscopy.
Nevertheless, cancer patients who previously received PPI
treatment are diagnosed at a similar stage and have a similar
prognosis as cancer patients who did not receive acid
suppressive treatment.42 44 This justifies the policy of empiri-
cal PPI therapy for patients with a first presentation of
dyspepsia, if the duration of such therapy is limited and if
patients with alarm symptoms are referred for immediate
endoscopy.

CONCLUSIONS
PPIs are very effective in maintaining symptomatic and
endoscopic remission of acid peptic disorders such as peptic
ulcer and gastro-oesophageal reflux disease. Effects on function
and morphology of the gastric mucosa are common by
induction of both hypergastrinaemia and, in H pylori positive
patients, corpus predominant pan-gastritis. PPI therapy affects
the pattern and severity of H pylori gastritis and accelerates the
process of corpus gland loss. At present there is no proof that
this increases the risk of gastric cancer. However, persistent
corpus predominant gastritis and atrophy are considered major
risk factors for the development of gastric cancer. H pylori
eradication can partially prevent and reverse these effects
without impairing PPI therapy for GORD. This makes long term
PPI treatment safe for patients with acid peptic disorders but a
H pylori test and treat strategy needs to be considered in patients
who require long term PPI therapy.

Conflict of interest: declared (the declaration can be
viewed on the Gut website at http://www.gutjnl.com/
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