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Abstract

Purpose of review Peptic ulcer disease (PUD) is a recognized complication of non-steroidal
anti-inflammatory drugs (NSAIDs). Stress ulcers are a concern for intensive care unit (ICU)
patients; PUD is also an issue for patients taking anticoagulation. Helicobacter pylori test
and treat is an option for patients starting NSAID therapy, and proton pump inhibitors
(PPIs) may reduce PUD in NSAID patients and other high-risk groups.
Recent findings There are a large number of trials that demonstrate that Helicobacter pylori
eradication reduces PUD in NSAID patients. PPI is also effective at reducing PUD in this
group and is also effective in ICU patients and those on anticoagulants. The effect is too
modest for PPI to be recommended in everyone, and more research is needed as to which
groups would benefit the most. Increasing age, past history of PUD, and comorbidity are
the most important risk factors.
Summary H. pylori test and treat should be offered to older patients starting NSAIDS, while
PPIs should be prescribed to patients that are at high risk of developing PUD and at risk of
dying from PUD complications.

Introduction

Upper gastrointestinal (GI) bleeding is a major health
problem, and mortality from this problem has
remained relatively unchanged for the last 50 years
[1–3]. The apparent stability of a 5–12% in-patient

30-day mortality rate hides significant changes in the
epidemiology and management of the condition. Ma-
jor advances have been made in the management of
upper gastrointestinal bleeding including the routine
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use of proton pump inhibitor therapy after a peptic
ulcer bleed which improves outcomes and probably
reduces mortality [4]. Endoscopic therapy also im-
proves the outcomes of peptic ulcer and variceal
bleeding [5]. The age-adjusted rates of peptic ulcer
(PU) bleeding have fallen globally over the last
20 years largely due to the falling prevalence of
Helicobacter pylori (H. pylori) [6, 7], but a modest
contribution may relate to the increasing use of acid
suppression in the community [8]. These positive
factors have been balanced by the fluctuating use of
non-steroidal anti-inflammatory drug (NSAID) [9]
and by the increased use of antiplatelet [10] and
anticoagulant therapy [11] over time. Furthermore,
the absolute numbers of patients with peptic ulcer
bleeding are not falling as dramatically as might be
expected due to populations living longer with more
comorbidities, which are a major risk factor for both
PU bleeding incidence [12] and death [13].

Given that PU bleeding remains an important
problem, it is helpful to develop strategies that will
prevent this complication particularly as antiplatelet
and anticoagulation therapy continue to rise [14].
There have been recent guidelines [15, 16] on non-
variceal upper gastrointestinal bleeding, but these

have predominantly focused on management of the
problem when it occurs rather than preventing the
complication from happening in the first place. The
main approaches to prevent peptic ulcer bleeding are
H. pylori screening and treating those that are posi-
tive, long-term proton pump inhibitor (PPI), or H2

receptor antagonists (H2RA) therapy. H2RA therapy
is less effective than PPI [17] and will not be consid-
ered further in this review. In those taking NSAIDs,
there are the additional approaches of replacing
them with cyclooxygenase-2 (COX-2) inhibitors or
adding prostaglandin analogues. None of these strat-
egies will be cost-effective if used in the general
population, and most guidelines would recommend
that these interventions should only be used in high-
risk groups [18]. This article will therefore evaluate
risk factors for PU complications such as age, NSAID
use, concomitant antiplatelet therapy, anticoagulant
therapy, patients admitted to intensive care, and
those with severe comorbidities [19]. We will then
summarize the evidence for the efficacy of H. pylori
eradication, PPI therapy, COX-2 inhibition, and
prostaglandin analogues in preventing peptic ulcer
bleeding and focus on which high-risk groups these
approaches could be recommended.

High-risk groups for peptic ulcer complications
Increasing age

The most important determinant of PU complication population attrib-
utable to risk is increasing age. The risk of PU complication is 10-fold
higher than those over the age of 60 years compared to younger age
groups [20]. The vast majority of deaths from PU complications also
occur in older age groups with a 50-fold increase in mortality in those
over 60 compared to those less than 60 years old [20]. While mortality
from PU complications in those under that age of 60 years is very rare,
this cut off is somewhat arbitrary. The risk of PU complications is still
modest in a 60-year-old but steadily increases with advancing age with a
roughly two-fold increase in incidence with every decade [21]. Many risk
factors increase with age, and it is difficult to evaluate age separate from
other risk factors such as increasing prevalence of H. pylori, polypharmacy,
and comorbidity. Nevertheless, it is likely that age is an important inde-
pendent risk factor for PU complications. The message for the clinician is
that gastroprotection is unlikely to be cost-effective in younger age groups
and should mainly be considered in those over the age of 60 years. In
those over the age of 60, the threshold to offer gastroprotection should
decrease as age increases with a particular consideration given to those
over the age of 80 years [21].

Hot Topics558



Non-steroidal anti-inflammatory drugs
The potential for NSAIDs to cause peptic ulcer disease is well known. The
analgesic effect of NSAIDs is mediated through reducing prostaglandin synthe-
sis by inhibiting cyclooxygenase (COX) enzymes. There are two COX isoen-
zymes; COX-1 is present in most cells whereas COX-2 is present in only a few
tissues and is induced by inflammation [22]. The gastrointestinal toxicity of
NSAIDs ismediated byCOX-1, and the reduction in GI prostaglandin caused by
this isoform leads to loss of cytoprotection and increased risk of peptic ulcera-
tion. All traditional NSAIDS have a mixture of COX-1 and COX-2 inhibitor
activity, but the proportions differ, and this is the main reason their gastroin-
testinal toxicity also varies [23]. The least toxics are ibuprofen and diclofenac
with relative risks (RR) of around two followed by naproxen with RR of four,
and the most toxics are piroxicam and ketoprofen with RR of 8 for the devel-
opment of peptic ulcer disease [24, 25]. Low-dose acetylsalicylic acid (ASA) also
has an increased risk of peptic ulcer complications with a RR of approximately
1.5 [26]. A modeling study [27] from RCT and cohort study data suggested that
1:1200 to 1:2000 chronic NSAID users will die from peptic ulcer complications
attributable to the drug.

Antiplatelet therapy
Adenosine diphosphate-receptor inhibitors such as clopidogrel are typically
used after acute coronary syndromes and following percutaneous coronary
stenting as they reduce the risk of future coronary events at least over the next
year [28]. The seminal study [28] that reported the benefit of dual antiplatelet
therapy with clopidogrel and ASA in acute coronary syndromes also found that
1.3% developed GI bleeding over the next 9 months. The pathways that ASA
causes gastrointestinal mucosal damage are well described, as with all NSAIDs,
but the mechanism by which antiplatelet therapy leads to peptic ulcer bleeding
is less clear. Inhibition of platelet activity in a peptic ulcer that is already
hemorrhaging will aggravate the problem and may lead to more peptic ulcers
presenting with bleeding that would otherwise have remained “silent.” Platelet-
derived growth factors promote angiogenesis, and this is important in ulcer
healing [29]. Disruption of these growth factors by clopidogrel may impair
peptic ulcer healing and lead to more complications. A population-based
cohort [30] estimated the number needed to harm ranged between 30 and 60
for a gastrointestinal hemorrhage within the first 12 months of clopidogrel
compared to those not taking this drug. This excess could be related to bias
and confounding factors inherent with database studies, but a systematic review
[26] of RCTs supported this finding, and patients on dual antiplatelet therapy
had almost twice the rate of gastrointestinal bleeding compared to those taking
ASA alone.

Anticoagulant therapy
Anticoagulants are commonly used to prevent thromboembolic events in
patients with venous thromboembolism, atrial fibrillation, or mechanical heart
valves. Clinicians and patients are well aware of the risk of bleeding from
vitamin K antagonist anticoagulants such as warfarin. The risk of peptic ulcer
bleeding is remarkably difficult to quantify as there are no RCTs evaluating the
risks of warfarin compared to placebo and there are remarkably few robust
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epidemiological studies. Most older studies follow cohorts of patients taking
warfarin with no comparator group [31] and suggest a large risk. It is generally
believed that traditional views of the GI bleeding risks of warfarin are
overestimated [32] andmore contemporary assessments of risk support a more
modest increased risk [33]. A systematic review [34] of randomized trials
comparing anticoagulation with ASA in atrial fibrillation found that major
bleeding adverse events were more common in the anticoagulation group
(OR = 1.45; 95% CI = 0.93 to 2.27). This was all bleeding events and was not
limited to peptic ulcer bleeding, but if we assume that this also reflects upper GI
bleeding and factor in that ASA alone also causes an increased risk of bleeding
[26], the overall risk from vitamin K antagonists is approximately increased
three-fold.

More recently the non-vitamin K antagonist oral anticoagulants (NOACs)
have been developed and shown to be more efficacious than warfarin in many
settings, particularly related to atrial fibrillation [35]. As a result, NOACs have
overtaken the prescription of vitamin K antagonists for atrial fibrillation and
deep vein thrombosis in the USA and several other countries [36]. NOACs also
cause less intracranial bleeding than vitamin K antagonist but are associated
with greater risk of GI bleeding [35]. This meta-analysis of RCTs [35] is consid-
ering all NOACs together, and there are significant differences in risk of GI
bleeding between drugs in this class. One database study [37] suggested that
apixaban was associated with less GI bleeding than dabigatran or rivaroxaban
although another found dabigatran was associated with less upper GI bleeding
[38]. Interestingly these database studies found similar rates of GI bleeding with
NOACs compared to vitamin K antagonists. This is in contrast to RCT data, and
this may relate to confounding factors or may relate to patients outside of RCTs
having their coagulation less rigorously monitored. The development of
NOACs has lowered the threshold at which anticoagulation is considered,
and they are being used for ever wider indications [39]. This emphasizes the
need to offer gastroprotection in patients taking anticoagulation if they are at a
high risk of PU bleeding. Defining high-risk groups is a challenge but there is
RCT evidence [39] that adding a NAOC to ASA doubles the risk compared to
ASA alone. There is also cohort evidence [40] that adding warfarin to
clopidogrel triples the bleeding risk.

Corticosteroid therapy
Corticosteroids have a wide range of actions including profound immunomod-
ulatory effects. They are used in a wide range of inflammatory and auto-
immune conditions [41], and their adverse event profiles such as osteoporosis,
obesity, mood disorder, diabetes mellitus, and risk of infection are well known.
Corticosteroids also delay wound healing, so it is logical that they may also
inhibit peptic ulcer healing and be associated with increased risk of ulcer
complications. Clinicians are well aware of this putative risk and often provide
patients with ulcer prophylaxis [42]. The RCT evidence that they cause peptic
ulcer complications is however less clear. A systematic review of RCTs [43] did
find an approximately 40% increase in risk peptic ulcer bleeding or perforation
in those taking corticosteroids. However, the statistically significant effect was
only seen in hospitalized patients and with events only occurring in 0.1% of
ambulatory patients. These data suggest that the main risk is in patients with
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other risk factors for peptic ulcer complications, particularly those admitted to
hospital, and there is no need to routinely provide gastroprotection to those in
the community. The main focus should be on limiting the duration of therapy
given the other adverse events related to corticosteroids rather than focusing on
gastroprotection.

Selective serotonin reuptake inhibitors
Selective serotonin reuptake inhibitors (SSRIs) are the most commonly pre-
scribed antidepressant [44] and have been advocated for a variety of psychiatric
and medical conditions [45]. They have a favorable adverse event profile
compared to more traditional antidepressants [46], but concerns have been
raised regarding the risk of GI bleeding [47]. SSRIs decrease platelet serotonin,
and this can result in reduced platelet aggregation [48]. SSRIs also increase
gastric acid production, which could lead to a greater propensity to develop
peptic ulceration [49]. An initial UK database study [50] did suggest a threefold
increase in GI bleeding in those taking an SSRI compared to controls, and this
was supported by another cohort study [51]. There have been no RCTs evalu-
ating GI bleeding as an outcome, but further observational data has accrued. A
systematic review [52] identified 15 case-control studies involving almost 4000
participants and found an increased risk of upper GI bleeding with SSRI therapy
compared to controls with an odds ratio (OR) of 1.66 (95% confidence
intervals (CI) = 1.44 to 1.92). The systematic review [52] also identified four
cohort studies, and the increased risk was similar (OR = 1.68; 95% CI = 1.13 to
2.50). The number needed to harm over 1 year varied between 3177 in a low-
risk Dutch population and 881 in a higher risk US population [42]. The
systematic review [52] also evaluated the impact of NSAIDs on the risk of upper
GI bleed and found at least an additive effect. The risk of upper GI bleeding in
patients taking SSRIs alone was 1.66, in those taking NSAID alone it was 2.8,
and in those taking both drugs the OR was 4.25. The number needed to harm
for those taking both NSAIDs and SSRIs was 645 for a low-risk population and
179 for a higher risk US population [52].

These results could be due to bias or residual confounding as they relate to
observational data, but these findings are supported by a Hong Kong study that
attempted to reduce this concern [53]. This study evaluated 3358 SSRI users and
57,906 non-users and only included patients that had H. pylori eradication
therapy. This approach makes the population more homogeneous, and they
further reduced the possibility of confounding by conducting a propensity
match analysis. The propensity-matched analysis found patients taking SSRI
had a hazard ratio of 1.95 (95% CI = 1.41 to 2.71) for developing upper GI
bleed compared to non-users [53].

Helicobacter pylori
H. pylori is the leading cause of peptic ulcer disease worldwide [54, 55], and a
proportion of both gastric and duodenal ulcers caused by this infection will go
on to develop complications. A systematic review of observational studies
suggestedH. pylori is associated with a two-fold increase in peptic ulcer bleeding
[56]. There also appears to be an interaction between NSAIDs and H. pylori as
the same systematic review [56] found an approximately four-fold increased
risk of developing peptic ulcer bleeding in those taking NSAIDS and a 6-fold
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increase in patients where both factors were present. A further systematic review
[57] also found a two-fold increase in upper gastrointestinal bleeding in ASA
users infected with H. pylori compared to those that were not infected. The
number needed to treat varied between 100 and 1000 depending on the
underlying risk of peptic ulcer disease in the population [57].

Comorbidity
Serious comorbidity is associated with peptic ulcer bleeding although
definitions of comorbidity vary between studies [7]. Patients admitted to
the intensive care unit (ICU) exemplify the risk facing patients with severe
stress and comorbidity with around 3% developing significant GI bleeding
[58], and this is associated with length of stay severity of underlying illness
[59]. Various scoring systems [60, 61] that evaluate risk of mortality from
upper GI bleeding include comorbidity as part of the calculations. A
systematic review of death from peptic ulcer bleeding [62] found that
mortality was significantly higher in those with comorbidity than those
without. In particular those with malignancy had a 6-fold, those with renal
disease a 5-fold, and those with hepatic disease a 4-fold increased risk of
mortality [62]. Respiratory and cardiac disease were each associated with a
two-fold risk of dying from peptic ulcer bleed and diabetes mellitus a
relative risk of 1.6 [62]. It is important to note that only three of the 16
studies identified in this review were low risk of bias so the quality of the
evidence is low, but nevertheless the impact of comorbidity seems to be
important, and there is less research on this than many other risk factors
for peptic ulcer bleeding.

Previous history of peptic ulcer disease
Past history of peptic ulcer disease is a strong risk factor for future peptic ulcer
although the impact is less strong after successful H. pylori eradication [63].
There is a paucity of data on the risk of developing complicated peptic ulcer in
comparison with population-based controls. Systematic review data [64] sug-
gest that in patients taking NSAIDs, a previous history of peptic ulcer increases
the risk of future peptic ulcer two to three-fold, and this increases for 4–6 fold
for a past history of bleeding peptic ulcer. This is also supported by subgroup
analyses of randomized controlled trials [65]. Patients with a previous history of
peptic ulcer prescribed oral anticoagulants have a doubling of their risk of
having a GI bleed over a 10-year follow-up [66].

Approaches to preventing peptic ulcer complications

There are a number of risk factors for developing peptic ulcer disease compli-
cations, but the main focus of research has related to preventing NSAID-related
peptic ulcer complications. This is understandable as this causes one of the
highest increases in risk. The strategies that reduce NSAID-related bleeding are
adding PPI therapy, substituting for a COX-2 inhibitor, or adding a prostaglan-
din analogue. The other approach is screening and treating forH. pylori, and this
is the only approach that could be considered for patients other than those
taking NSAIDs.
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Helicobacter pylori screening and treatment
Seven days of eradication therapy can heal most patients withH. pylori-positive
PUD [67], and treating the infection also dramatically reduces future ulcer
recurrence [63]. This also applies to bleeding peptic ulcer as a systematic review
of 7 RCTs involving 578 infected bleeding patients reported that H. pylori
eradication was more effective than anti-secretory therapy in preventing future
bleeding recurrence [68]. The recurrence rate was 20% in the anti-secretory
group and 3% in the H. pylori eradication group with a number needed to treat
of seven. Most guidelines [15, 16] therefore recommend testing for H. pylori in
those with bleeding PUD and treating those infected. Randomized controlled
trials have shown that populationH. pylori screening and treatment reduces the
incidence of peptic ulceration in the community [69, 70]. The impact on peptic
ulcer complications in the general population is less certain, however, as these
events are too rare for randomized trials to be powered to detect an impact on
this outcome. The rare events observed in these trials highlight that testing for
H. pylori is unlikely to be cost-effective in all groups and any population strategy
to screen and treat cannot be instituted on the basis of reduced peptic ulcer
complications. Population H. pylori screening and treatment is advocated in
countries that have a high incidence of gastric adenocarcinoma [71, 72] as
systematic reviews of randomized controlled trials have shown that this reduced
risk of gastric adenocarcinoma [73, 74]. Population H. pylori screening and
treatment could increase both the length and quality of life, and it has been
estimated that almost 9 million disability-adjusted life years could be gained
globally [74, 75]. This estimate just focuses on reduction in gastric cancer, and if
prevention of peptic ulcer complications was considered, then the disability life
years gained could be even higher. Furthermore, a randomized controlled trial
has suggested thatH. pylori population test and treat could be cost neutral due to
the reduction in dyspepsia in the population [76–78]. Guidelines do not
support population H. pylori screening and treatment in North America [79],
but the other benefits that could accrue from this approach suggest the clinician
should have a low threshold for instituting this strategy when considering
patients that may be at risk of developing PU complications. For example,
patient taking only low-dose ASA who are H. pylori positive may benefit from
eradication therapy as one study reported that infected patients who had an
ASA-related PU bleed given eradication therapy had a similar risk for future
bleeding as patients who were ASA naïve that had not had a bleed [80].
Similarly, a systematic review of RCTs [81] reported that patients allocated to
H. pylori eradication had an almost 60% reduction in incidence of PUD com-
pared to infected NSAID patients in the control group. As this involves one of
course of antibiotics for 2 weeks rather than long-term treatment with acid
suppressive agents, this could be a very cost-effective approach [82] at
preventing NSAID-related ulceration, and guidelines are now recommending
this strategy [79, 83]. However, H. pylori eradication is not as effective as PPI
therapy in patients on long-term NSAID therapy [81], so this strategy is not
sufficient for some patient groups.

Proton pump inhibitor therapy
NSAIDs reduce gastric prostaglandin production and loss of mucosal defenses
leading to an increased risk of PUD [84]. The main reason that mucosal
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protection is necessary is the highly acid environment of the stomach. Blocking
acid production should reduce the risk of PUD even if there is NSAID-mediated
loss of mucosal protection. Clinical data support this hypothesis with a system-
atic review [85] of 18 RCTs involving over 10,000 participants demonstrating
that PPIs reduced PUD bleeds by approximately 80% compared to controls
although the effect was less marked in patients who were already taking NSAID
therapy long term. Overall the number needed to treat (NNT) was around 100
in these trials although this was heavily dependent on the underlying risk of the
population. PPIs also prevented symptomatic and endoscopic ulcers in patients
taking NSAIDs with an NNT of 20 and 5, respectively [85, 86]. A systematic
review [87, 88] of 5 RCTs involving over 5000 participants also reported that
PPIs are effective in reducing PU bleeding related to clopidogrel-based anti-
thrombotic therapy. There was a 66% reduction in PU bleed in patients allo-
cated to PPI compared to placebo or famotidine with an NNT of 60 [88].

Research on the gastroprotective role of PPI therapy has focused on patients
taking NSAID and/or ASA. There are a growing number of patients on
anticoagulation therapy [36], and these patients are at increased risk of PU
bleed [37]. This was evaluated as part of the Cardiovascular Outcomes for
People Using Anticoagulant Strategies (COMPASS) trial [39]. Participants were
randomized to rivaroxaban 2.5 mg twice daily with aspirin 100 mg once daily,
rivaroxaban 5 mg twice daily alone, or aspirin 100 mg once daily alone to
evaluate cardiovascular death, stroke, or myocardial infarction in these groups
[39].This is a 3-by-2 partial factorial RCT as those that were not on a PPI were
also randomized to pantoprazole 40 mg or placebo [89••]. A total of 17,598
patients were randomized to the PPI or placebo, and there was no statistically
significant difference in the primary outcome of the trial, which was clinically
significant upper GI events [89••]. There was a 50% reduction in the gastrodu-
odenal bleeding in the PPI arm, but events were low and the NNT = 1770 after
3 years of PPI use. The definitions of PUD and PU bleeding were very stringent,
and this may have resulted in the NNT being so high. A post hoc analysis was
therefore conducted relaxing definitions, and this did result in a 50% reduction
in bleeding PUD bleed, and a similar reduction in uncomplicated PUD as well
as a 66% reduction in gastric erosions in the PPI group. Even when these
outcomes were combined, the NNT was still around 500 [89••]. Furthermore,
the main benefit of PPI therapy was seen in the ASA alone group emphasizing
PPIs have little impact in patients taking anticoagulants alone. Evidence there-
fore suggests that any benefit of PPIs relates to patients taking NSAID or ASA.

The final group to consider are patients admitted to the ICU as these patients
are at increased risk of bleeding from upper gastrointestinal stress ulceration
[58, 59]. Systematic reviews [90, 91] of 19 RCTs involving over 2000 ICU
patients found that PPI therapy reduced overt GI bleeding by 50% with no
impact on length of stay, pneumonia, or mortality. PPIs were superior to H2RA
in these reviews although this is disputed by a network meta-analysis [92••] of
43 RCTs involving over 10,000 patients evaluating clinically important upper
GI bleeding as an outcome. This review concluded both PPIs and H2RAs
reduced GI bleeding, and PPIs were possibly superior, but the 95% CI were
wide (OR = 0.58; 95% CI 0.29 to 1.17). This review highlighted that either PPI
or H2RA were probably not beneficial in low-risk patients and this intervention
should be reserved for those at high risk.
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The benefits of PPI therapy in preventing PU bleeding should be weighed
against the harm of this approach. Patients need to take PPI therapy for the
duration of risk which may be life-long in the case of ASA users. Previously this
would have been a significant expense, but as most PPIs are now available
generically inmost countries, the costs have reduced significantly. PPI therapy is
also very safe in the short term [93], but concerns have been raised around the
long-term adverse effects associated with these drugs [94]. PPIs have been
associated with pneumonia [95], bone fracture [96], enteric infections [97],
cardiovascular events [98], chronic kidney disease [99], dementia [100], gastric
cancer [101], and even all-cause mortality [102]. The list of concerns increases
with each passing year, and the latest harms that have been highlighted are an
increased risk of renal calculi [103, 104] and risk of COVID-19 [105]. The
problem with all of these associations is that they are based on observational
data, usually related to administrative databases. All of these studies have
shown that sicker patients tend to be prescribed PPI therapy and comorbidities
are a strong risk factor for developing other diseases [106]. It is possible that
being prescribed PPI therapy is a good marker for comorbidity and all of these
harms relate to residual confounding [106]. To evaluate this possibility, the RCT
evaluating PPI in patients taking anticoagulation and/or ASA [89••] described
above also prospectively collected information on adverse events [107•]. In
over 53,000 patient years of follow up, there was no difference in risk of
pneumonia, fracture, chronic kidney disease, dementia, myocardial infarction,
gastrointestinal cancers, and all-cause mortality between the PPI and placebo
groups [107•]. The PPI group had slightly more enteric infections than those
taking placebo, but the number needed to harm was over 900 for each year of
PPI therapy. This trial followed patient for 3 years, and it is possible that adverse
eventsmay take longer to accrue, but there was no divergence on the curves over
time in the RCT [107•]. Furthermore, an RCT also found no adverse events in
PPI arm compared to surgery in reflux patients over 12 years [108] although
this trial was underpowered. Finally, there was actually a reduction in mortality
in the high-dose PPI arm of a Barrett’s esophagus trial comparing esomeprazole
20 mg versus 40 mg bid given over a mean of 9 years in over 2500 patients
[109]. There are also concerns that PPI may interact with clopidogrel reducing
efficacy [110•] and this could not be addressed in the COMPASS trial as
patients had to discontinue this drug. A systematic review of RCTs [87, 88]
did not find any difference in cardiovascular events in the PPI arm compared to
the placebo/famotidine arms in patients taking clopidogrel suggesting that the
results of observational data probably relate to residual confounding. These
data suggest that the benefits of PPI therapy outweigh any putative risk provided
the appropriate patients are selected for gastroprotection.

Cyloxgenase-2 inhibitors
The gastrointestinal adverse effects of NSAIDs largely relate to the COX-1
activity of the drug, while the analgesic effects of NSAIDs relate to COX-2
inhibition. COX-2 selective inhibitors were therefore developed on the princi-
ple that these drugs could provide similar analgesic properties to traditional
NSAIDs without the gastrointestinal events [111]. Systematic reviews of RCTs
confirmed this hypothesis with COX-2 inhibitors having a similar efficacy
profile [112] but with a 70% reduction in endoscopic ulcers [113] and a 60%
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reduction in PU bleed and PU complications [113]. COX-2 inhibitors were
initially used widely to protect against NSAID-related GI injury, but enthusiasm
for this approachwaned once it became apparent fromRCTs [114, 115] that the
risk of cardiovascular events was increased from these drugs. A systematic review
[116] of 280 RCTs comparing NSAIDs/Cox-2 inhibitor with placebo and 474
RCTs comparing NSAIDs with another NSAID/COX-2 inhibitor confirmed that
COX-2 inhibitors increased the risk of cardiovascular events by about 33% and
this outweighed any benefits in terms of reduction of PU complications. An
increase in cardiovascular event risk was also seen with NSAIDs such as
diclofenac and ibuprofen, and the impact seemed as great as with COX-2
inhibitors [116]. In contrast, naproxen was not associated with an increased
risk of cardiovascular events, suggesting this was a safer NSAID to use [116].
These data raise the question of whether any NSAID other than naproxen is safe
to use in the long term as a 33% increase in cardiovascular disease will outweigh
any improvement in quality of life for most patients. Furthermore, another
systematic review of RCTs [117] suggested COX-2 inhibitors were associated
with an increased risk of dementia, highlighting there may be other risks to
taking these drugs long-term.

Prostaglandin analogues
Another approach to gastroprotection is to replace the upper gastrointestinal
deficiency in prostaglandin caused by NSAIDs with a prostaglandin analogue.
Misoprostol, a synthetic prostaglandin E1 analogue, dramatically reduces en-
doscopic ulcers in a systematic review of 22 RCTs involving almost 6000
patients taking NSAIDs with an NNT of 10 [85]. There was early promise [65]
that this would translate into a reduction in PU complications, but this was not
supported by a systematic review of three RCTs involving almost 9000 patients,
where there was no statistically significant reduction in PU bleeding [85]. The
use of misoprostol is also limited by adverse events such as diarrhea with up to
20% patients withdrawing because of adverse events [118]. This can be miti-
gated by lowering the dose [118], but it remains a significant problem when
used for long-term prophylaxis. Prostaglandin analogues therefore cannot be
recommended for gastroprotection routinely in patients taking NSAIDs. There
may be selected patients where thismight be the appropriate drug. For example,
RCT data suggest that misoprostol may reduce NSAID-related small bowel
ulcers detected by video capsule endoscopy [119]. Whether this translates to
improvement in clinical outcomes remains to be determined, but this may be
an option for patients with predominantly small bowel ulcer problems that
cannot discontinue NSAIDs.

Recommendations for gastroprotection

The above evidence provides a framework to selecting which patients
should receive gastroprotection. In general, these should be reserved for
patients over the age of 60 years taking NSAIDs or those being admitted to
ICU. Even in these groups, the risk is not sufficiently high to warrant
gastroprotection to everyone [92••]. Ideally what is required is a validated
risk calculator that gives the absolute risk of developing peptic ulcer disease
over a given period of time similar to those used to determine risk of
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cardiovascular disease [120]. Patients starting long-term NSAID or low-dose
ASA therapy should all routinely be screened for H. pylori, and those infect-
ed should receive eradication therapy with regimens that follow latest
guidelines [79, 121]. This will reduce PU complications but will also have
added benefits in reducing future dyspepsia and future gastric cancer risk. As
this is a one-off treatment, this is likely to be cost-effective. For those over
60 years of age taking long term NSAIDs, naproxen should be the drug of
choice due to the favorable cardiovascular risk profile. Additional risk
factors should be ascertained according to the scoring system outlined in
Table 1. Those that have 6 points or more for naproxen or 8 points for low-
dose ASA (as the underlying risk of developing PU complication is lower
than for naproxen) should be offered long-term PPI therapy with careful
discussion of the risks and benefits. For patients admitted to ICU, addition-
al risk factor should also be ascertained as determined by a systematic
review [122] that identified 8 observational studies involving over
116,000 ICU patients. Patients with chronic liver disease and/or coagulop-
athy should be given prophylaxis with PPI therapy during their hospital
admission [122]. Similarly, those that need mechanical ventilation and are
also in shock may benefit from PPI therapy [122]. Those that are discharged
should have their PPI discontinued if there is no indication for continued
therapy [123].

Conclusions

There is a wealth of RCT evidence on the benefits of H. pylori eradication
and PPI therapy to prevent PU complications in patients taking NSAID.

Table 1. Additional risk factors to consider for patients starting long-term NSAID or low-dose ASA over the age of 60

Risk factor Points added
70–79 + 2

9 79 years old + 4

Previous bleeding peptic ulcer + 6

Previous uncomplicated peptic ulcer + 3

Active malignancy + 6

Renal disease + 5

Liver disease + 4

Respiratory disease + 2

Cardiovascular disease + 2

Diabetes mellitus + 1

Selective serotonin re-uptake inhibitors + 1

Corticosteroids + 1

Addition of naproxen to low dose ASA + 4

Addition of low-dose ASA to naproxen + 2

NSAID nonsteroidal anti-inflammatory drug, ASA acetyl salicylic acid
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There is also RCT evidence on the benefits of PPI therapy in patients taking
anticoagulation and for ICU patients. It is clear from these trials that these
interventions are effective, but high-risk groups need to be identified, and
this should be the focus of future research.
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