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ABSTRACT

Introduction: In the last few years a significant number of
papers have related the use of proton-pump inhibitors (PPIs) to
potential serious adverse effects that have resulted in social unrest.

Objective: The goal of this paper was to provide a literature
review for the development of an institutional position statement
by Sociedad Esparnola de Patologia Digestiva (SEPD) regarding
the safety of long-term PPI use.

Material and methods: A comprehensive review of the
literature was performed to draw conclusions based on a critical
assessment of the following: a) current PPI indications; b) vitamin
B12 deficiency and neurological disorders; ¢) magnesium deficiency;
d) bone fractures; e) enteric infection and pneumonia; f) interactions
with thienopyridine derivatives; e) complications in cirrhotic
patients.

Results: Current PPI indications have remained unchanged
for years now, and are well established. A general screening
of vitamin B12 levels is not recommended for all patients on a
PPI; however, it does seem necessary that magnesium levels be
measured at therapy onset, and then monitored in subjects on other
drugs that may induce hypomagnesemia. A higher risk for bone
fractures is present, even though causality cannot be concluded for
this association. The association between PPIs and infection with
Clostridium difficile is mild to moderate, and the risk for pneumonia
is low. In patients with cardiovascular risk receiving thienopyridines
derivatives it is prudent to adequately consider gastrointestinal
and cardiovascular risks, given the absence of definitive evidence
regardin potential drug-drug interactions; if gastrointestinal risk is
found to be moderate or high, effective prevention should be in
place with a PPI. PPIs should be cautiously indicated in patients
with decompensated cirrhosis.

Conclusions: PPIs are safe drugs whose benefits outweigh
their potential side effects both short-term and long-term, provided
their indication, dosage, and duration are appropriate.
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INTRODUCTION

Proton-pump inhibitors (PPI) are drugs widely used in
Spain. They irreversibly inhibit the enzyme H/K-ATPase in
the parietal cells of the gastric mucosa, thus reducing acid
secretion. While PPIs have a short half-life (1-2 hours),
this irreversible inhibition provides a longer effect, as new
proton pumps need be synthesized before acid secretion is
resumed (1).

PPIs are among the most commonly prescribed drugs
and their turnover ranks high in the National Health Sys-
tem. PPI use in Spain has increased significantly in the past
few years, going from 21.8 daily doses per 1,000 population
in 2,000 to 96.57 daily doses per 1000 population in 2008
(2), with omeprazole becoming the most widely used drug
in Spain in 2010 in terms of package count (3). Between
2000 and 2008 PPI prescriptions increased by 200% (3),
and from 2004 to 2010 PPI use increased by 227%; howev-
er, the cost for public funds only increased by 21.3%, which
represents a total of approximately €626 million (4). This
implies a reduction in cost per package, likely because of
generics, but public spending remains unchanged or even
increases given a remarkable increase in prescriptions (4).
Furthermore, when compared to other European countries,
85 in every 1000 people use a PPI daily in Spain, versus
only 30 per 1000 in Norway and 27 per 1000 in Italy (2).
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On the other hand, a number of studies reported during
the last few years have associated PPI use with various
adverse events, which has risen concern among both pre-
scribers and patients. A significant need for a review on the
use and side effects of PPIs in our setting was identified
by Sociedad Espaiiola de Patologia Digestiva (SEPD). It
is not uncommon for patients receiving a PPI prescription
to seek medical advice on the potential adverse effects of
their prescribed drug and its long-term use.

Therefore, the goal of this paper is to identify, assess,
and review the major evidence regarding the adverse
effects associated with long-term PPI use, and to write a
position document of SEPD including clear conclusions
on the safety of this class of drugs.

MATERIAL AND METHODS

In order to perform the present review a task force made
up of gastroenterologists selected, based on a literature
search, the most relevant topics related to PPIs and their
adverse effects. These include: a) Indications and rationale
for PPI use; b) vitamin B, deficiency and neurological
changes; ¢) magnesium deficiency; d) bone fractures; e)
enteric infection and pneumonia; f) use of PPIs together
with thienopyridine derivatives and cardiovascular risk;
and e) complications in cirrhotic patients. Each question
was answered according to the best evidence current-
ly available following a comprehensive search of the
PubMed, EMBASE, and Cochrane Library databases.
After an initial draft and an in-person meeting at the 2015
SEPD Conference in Seville, a revised text was submitted
to reach the highest agreement possible. In this process
also a knowledge management expert played a role. Final-
ly, the document was externally reviewed by the SEPD
Executive Board.

INDICATIONS AND RATIONALE FOR PPI USE

Five PPI types are currently marketed with the follow-
ing names, standard doses (milligrams), and administration
routes (PO: oral, IV: intravenous) (Tables I and II): ome-
prazole 10 and 20 mg (PO), 40 mg (PO and I'V); lansopra-
zole 15 and 30 mg (PO); pantoprazole 20 and 40 mg (PO),
40 mg (IV); rabeprazole 10 and 20 mg PO); esomeprazole
10, 20 and 40 mg (PO), 40 mg (IV), with omeprazole being
first on the market, cheaper, and most widely used (3).

The reason why PPIs are prescribed in Spain at 70%
above the european average is most likely related to inap-
propriate prescription, and the most widely mistaken indi-
cation possibly is the prophylaxis of gastroduodenal injury
in patients with low (even nil) gastrolesive risk, as has been
shown in other countries (5-7). Furthemore omeprazole
represents 75% of PPI prescriptions, with the remaining
25% amounting to 75% of expense, which reflects the sig-

REV Esp ENFERM DIG (MADRID)

Table I. PPl types and doses

Type Dose Administration route

10, 20, 40 mg Oral
Omeprazole

40 mg Intravenous
Lansoprazole 15, 30 mg Oral

20, 40 mg Oral
Pantoprazole

40 mg Intravenous
Rabeprazole 10, 20 mg Oral

10, 20, 40 mg Oral
Esomeprazole

40 mg Intravenous

Table II. Equipotent oral doses of PPIs

Omeprazole Lansoprazole Pantoprazole Rabeprazole Esomeprazole

10 mg 15mg 20 mg 10 mg 10 mg
20 mg 30 mg 40 mg 20 mg 20 mg

nificance of using a specific PPI in addition to appropriate
indication, route, dosage, and duration (2).

It is thought that 54% to 69% of PPI prescriptions are
incorrect (8-16), with hospital admision being, for exam-
ple, a risk factor. A study in a Spanish tertiary referral
hospital (15) found that 28.7% of patients were already
using a PPI before admission, 82.6% received a PPI during
their hospital stay, and 54.8% had a PPI recommended
on discharge. Prescription was deemed inappropriate in
74.5%, 61.3%, and 80.2% of patients, respectively. In a
study recently reported by the Revista Espaiiola de Enfer-
medades Digestivas (14), PPI indication was considered
inappropriate for 63.6% of inpatients, mostly because of an
unnecessary inclusion of these drugs in surgical protocols,
in diagnostic or therapeutic procedures, or for the man-
agement of disease. A review of discharge reports usually
reveals no information warranting a recommendation for
ongoing therapy with a PPl in 54.5% of individuals; indi-
cation is uncertain for 12.7%, and evidence-based for only
32.7% of patients (12). In a later study to assess prescrip-
tion 6 months before and after hospital discharge data were
replicated, and on-discharge PPI indication was found to
be inappropriate in 52% of cases, appropriate in only 35%
of patients, and uncertain for 13%; of these, 58%, 67%,
and 73%, respectively, maintained their PPI prescription
after discharge. The fact that two thirds of inappropriate
prescriptions originated within a hospital is to be highlight-
ed (16). Inappropriate PPI prescription is a common issue
involving all levels of care.

Accordingly, clear indications to be followed as much
as possible are a key factor. Current recommendations are
listed in Table 3 (17-19).

A PPI prescription in association with a nonsteroidal
anti-inflammatory drug (NSAID) is recommended for

REev Esp EnreErM DIG 2016; 108 (4): 207-224
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Table lll. Current indications of use of PPIs

Condition

Omeprazole dose and treatment duration

Gastric, duodenal ulcer

Zollinger-Ellison syndrome

Omeprazole 20 mg/day for 4-8 weeks
Omeprazole 20-60 mg/day

Prophylaxis for NSAID/ASA-related gastroenteropathy ~ Omeprazole 20 mg/day

Prophylaxis for stress ulcers

Helicobacter pylori eradication

Upper gastrointestinal bleeding

Gastroesophageal reflux disease, mild to moderate

Non-investigated and functional dyspepsia in patients
younger than 55 years with no alarm symptoms

Omeprazole 20 mg IV/day
Omeprazole 40 mg every 12 hours for 10-14 days

Omeprazole 80 mg IV bolus followed by 40 mg IV every 8 hours or 8 mg IV
infusion/hour for 72 hours

Omeprazole 20 mg/day for 4-8 weeks
(Increase to 40 mg for higher severity)

Omeprazole 20 mg/day for 4-8 weeks

patients with a history of peptic ulcer disease or gastro-
intestinal (GI) bleeding, 60 years of age or older, with
severe comorbidities, on a high-dose NSAID, and using
a concomitant second NSAID (including low-dose ace-
tylsalicylic acid or ASA) or anticoagulant, antiaggregant
or glucocorticoid (20). A potentially controversial indi-
cation is the prophylaxis of stress ulcers. It is currently
recommended for patients in an intensive care unit (ICU)
who also exhibit an additional risk factor such as histo-
ry of peptic ulcer, renal failure, coagulopathy, shock or
serious sepsis, need for mechanical ventilation, brain trau-
ma, burns, or neurosurgical procedures (21). For peptic
ulcer-related GI bleeding PPIs have been shown to reduce
bleeding when compared to placebo (22). As regards their
schedule, major clinical guidelines recommend continu-
ous infusion at 8 mg/hour; however, two recently reported
studies have shown that the effectiveness of PO and IV
bolus administration is comparable to that of continuous
infusion (23,24). For uninvestigated and functional dys-
pepsia PPIs represent a treatment alternative to Helico-
bacter pylori eradication and upper digestive endoscopy
(25). Finally, PPIs are used to differentiate eosinophilic
esophagitis from gastro-esophageal reflux disease (GERD)
and PPI-responsive esophageal eosinophilia (26,27), a con-
dition for which they are now being considered a first-line
therapy (27,28). In exocrine pancreatic insufficiency not
responsive to isolated pancreatic enzymes, a PPI provides
improved fat digestion (29). According to the above, cur-
rently a PPI may only be recommended for the aforemen-
tioned conditions.

MAY PPIs INDUCE VITAMIN B , DEFICIENCY
AND NEUROLOGIC DISTURBANCES?

Vitamin B , or cobalamin plays a key role in the synthe-
sis of myelin and several myelopoiesis stages. It is found

mainly in animal source food bound to various protein
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compounds. Vitamin B, separation from food in the stom-
ach is a key step allowing its binding to intrinsic factor
and subsequent absorption in the terminal ileum (30). Pep-
sin acts as a catalyzing enzyme for this process, and only
becomes active when gastric p,, is lower than 4. PPIs have
been said to potentially induce a deficient absorption of
this vitamin by reducing gastric juice acidity.

Available evidence supporting this association mainly
derives from in vitro data, experimental research on small
samples, observational studies, and a 2015 systematic
review and metaanalysis including 5 observational stud-
ies (31-40).

The paper by Lam et al. stands out in terms of sample
size and impact on the scientific community (32). This
case-control study included 25,956 patients over 18 years
of age who were diagnosed with vitamin B , deficiency,
and 184,199 paired healthy controls. Potential confounders
taken into account included diagnosis with diabetes melli-
tus, thyroid disease, Helicobacter pylori infection, atrophic
gastritis, use of drugs potentially associated with vitamin
B,, deficiency such as metformin, etc. In both groups, the
use of PPIs (OR: 1.65; 95% CI: 1.58-1.73) or H, antagonist
(anti-H)) drugs (OR: 1.25; 95% CI: 1.17-1.34) for 2 or
more years was associated with a higher risk for vitamin
B, deficiency. Other findings included a dose-dependent
effect and a decrease in association magnitude after drug
discontinuation (p = 0.007). However, this paper did not
assess diet as potential confounder, case definition was
inconsistent, limitations entailes by serum cobalamin
levels as a marker of B, deficiency were not counted in,
over-the-counter use of PPIs (common in the USA) in both
groups was not discussed, and PPI dosage was measured
in tablets rather than milligrams even though different PPI
tablets not always contain equivalent doses.

Furthermore, a relevant number of studies has found no
association between PPl use and vitamin B , deficiency (41-
48). Recently, the results of a detailed analysis of adverse
effects in the LOTUS (Long-Term Usage of Esomeprazole
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vs. Surgery for Treatment of Chronic GERD) (n =514) and
SOPRAN (Safety of Omeprazole in Peptic Reflux Esoph-
agitis: A Nordic Open Study) (n = 298) clinical trials were
reported. With 5 and 12 years, respectively, of PPI use, no
significant differences in serum vitamin B , levels were
found between treatment and control groups (48). The first
case reported of a clinical abnormality directly related to
vitamin B, deficiency secondary to PPI use (omeprazole
40-60 mg for 4 years for the management of complicated
GERD in association with peptic esophagitis and mega-
loblastic anemia) (49) has not been consistently replicated.
Hence, despite potential risk for anemia and neurologic
damage as a result of vitamin B , deficiency from chronic
PPI use, such potential association has not been shown to
be clinically relevant. PPIs might also induce neurolog-
ic damage through a mechanism unrelated to vitamin B
deficiency. In this respect, a case-control study associating
chronic PPI use with risk for any dementia (hazard ratio:
1.38,95% CI: 1.04-1.83) and risk for Alzheimer’s disease
(HR: 1.44, 95% CI: 1.01-2.06) was reported at the end of
2014 (50). Isolated cases of peripheral neuropathy revers-
ible on therapy discontinuation may also be found in the
literature (51,52).

From all the above, the limited amount and quality of
the available evidence does not allow to conclude that
chronic PPI use be a risk factor for neurological damage
as derived from vitamin B, deficiency.

Finally, the measurement of serum vitamin B, levels to
assess body storage has multiple limitations. Sensitivity for
values < 200 pg/mL is 65-95%, with an estimated spec-
ificity of 50%. Overall, false negative and false positive
rates are deemed to be around 50% (30). Homocysteine
and methylmalonic acid levels increase during vitamin B ,
deficiency, and have a higher diagnostic value. Anytime
vitamin B , deficiency (< 300-350 pg/mL) is suspected on
clinical or laboratory grounds, testing should be expanded
to include both measurements (30).

In conclusion, in the light of current evidence a general-
ized screening of vitamin B , levels cannot be advised for
all patients on chronic PPI therapy. For advanced age indi-
viduals, particularly those with risk factors for this vitamin
deficiency, including Crohn’s disease, history of gastric/
intestinal surgery, pernicious anemia, stringent vegetarian-
ism, and malnutrition, an assessment of cobalamin stores
seems appropriate within 2-3 years after therapy onset,
with follow-up yearly or every two years, and vitamin
replacement therapy as needed. In any case, prospective
studies specifically designed to assess the real extent of a
potential association between chronic PPI use and vitamin
B, deficiency are needed.

AND MAGNESIUM DEFICIENCY?

Blood magnesium levels are dependent upon balance
between intestinal absorption and renal excretion. Hypo-
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magnesemia usually develops from decreased ingestion
or absorption, increased loss (whether urinary or gastro-
intestinal), or impaired transportation. Hypomagnesemia
has been recently associated with long-term PPI use (53-
56). This is an adverse effect of unknown prevalence that
raised significant controversy among prescribers. While
the biological mechanism of PPI-related hypomagnese-
mia remains partly unknown, the increased pH induced
by these drugs would seemingly affect transient receptor
potential melastatin type 6 and 7 channels, thus reducing
magnesium active transport and absorption (57).

Although PPIs were initially marketed in 1989, the
first case report on PPI use and hypomagnesemia dates
back to 2006 (58). Several observational studies followed,
which assessed the potential association between PPI use
and hypomagnesemia with conflicting results (54,55) or
very low prevalence findings (56). Some were criticized
for lack of consideration of patient diet; furthermore, since
magnesium is an intracellular ion, serum concentrations do
not reflect total magnesium, which renders measurement a
challenging procedure. Despite low study consistency, in
2011 the “Agencia Espariiola de Medicamentos y Productos
Sanitarios” (AEMPS), the U.S. Food and Drug Adminis-
tration (FDA), and the Australian Medicines Safety Update
of Therapeutic Goods Administration published an infor-
mative note advising that such diagnostic possibility be
assessed should suggestive symptoms develop during pro-
longed PPI use. The note also recommended magnesium
testing at baseline and then regularly under certain condi-
tions (59-61). Later, a systematic review and meta-analysis
in 2014 (62) revealed an association between PPI use and
hypomagnesemia; however, high heterogeneity between
studies prevented a definitive conclusion. In the cross-sec-
tional study by Luk (63), which included 693 patients on
PPIs with hypomagnesemia, the risk for hypomagnesemia
was seen to vary among PPIs, being highest for pantopra-
zole and lowest for esomeprazole. Also the recent system-
atic review and meta-analysis of observational studies by
Cheungpasitporn (64) found a statistically significant risk
for the association of PPIs and hypomagnesemia. Current
theories regarding the mechanism of PPI-related hypomag-
nesemia do not explain risk differences between PPIs. To
date, no study has been carried out to compare hypomag-
nesemia risk differences between different PPIs.

In the studies reporting on impaired magnesium absorp-
tion with PPI use, patients had received a PPI for at least
one year, which suggests that short-term PPI use does
not reduce magnesium levels. Hypomagnesemia may be
asymptomatic or result in vomiting, diarrhea, and even
tetany, confusion and seizures. It is furthermore associated
with prolonged QT in the ECG and electrolyte imbalance,
including hypocalcemia and hypokalemia. While the fre-
quency of this adverse event, which may be overlooked,
remains unknown, both the AEMPS and FDA recommend
magnesemia monitoring at treatment onset, and that fol-
low-up be considered, particularly for prolonged PPI use
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in patients on concomitant PPIs and other hypomagnese-
mia-inducing drugs, including loop or thiazide diuretics,
and drugs potentially affected by serum magnesium levels,
such as digoxin (57,59,60). Other patients, including indi-
viduals with advanced age, diabetes mellitus, renal failure,
and cardiovascular conditions, may also benefit from reg-
ular magnesium testing. The management of patients on
a PPI with hypomagnesemia must be individualized, and
the drug should be discontinued when the indication is
inappropriate. Should its administration be advisable, it is
recommended that minimum doses and magnesium sup-
plementation be administered, even though this regimen
has never been prospectively assessed.

DO PPIs INCREASE BONE FRACTURE RISK?

Multiple observational studies (65-88) and meta-analy-
ses (89-93) have assessed PPI use, either alone or in com-
bination with bisphosphonates, in relation to bone fracture
risk. In these studies PPI use is associated with a higher
risk for fragility bone fractures as a result of osteoporosis,
particularly involving the spine and hip (Table IV —studies
on PPIs and bone fractures—, and Table V —meta-analyses
of studies on PPIs and bone fractures—). The strength of
this association is low, somewhat greater when adherence
is high (76) or for higher daily doses of PPI (71,73,75,85).
However, although likely, no dose-response or duration-re-
sponse association has been well established (72,75,80,86).

This weakness suggests a potential role of confounding
factors. Kaye (68) performed a study where all patients
with medical conditions associated with hip fracture risk
were excluded, and found no increased risk for PPI use: RR
0.99 (95% CI: 0.7-1.1). Age, female sex, body mass index,
alcohol and tobacco use, history of prior falls or fractures,
neurological and hematological disease, comorbidities, and
use of drugs such as antidepressants, anxiolytics, antipsy-
chotics, antiepileptics, diuretics, and antidiabetics repre-
sent confounding factors that modulate PPI-related bone
fracture risk (68,74-76,81,82,89,94,95).

Most studies have been performed in Nordic or
Anglosaxon countries, where a high prevalence of fragility
fractures is present -as is well known, prevalence in Spain
is lower. In a retrospective case-control study in Catalonia
(74) PPI use was associated with fracture risk with an OR
of 1.44 (95% CI: 1.09-1.89; p = 0.009), which disappears
after adjusting for confounding factors. In an also Catalan
population cohort (96) including patients who received bis-
phosphonates, with 21,385 subjects of whom 2,026 had at
least one fracture, PPIs were associated with fracture risk
-OR 1.41 (95% CI: 1.22-1.65; p < 0,001).

Virtually no clinical trials are available to complete
the information provided by observational studies. Itoh
(87) compared risedronate versus risedronate pluas
rabeprazole (10 mg), and found no differences in frac-
ture numbers between groups, but the study was not
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designed for that purpose. The aforementioned SOPRAN
and LOTUS studies also found no differences in fracture
numbers (48).

At any rate, no mechanism has been found through
which PPIs would presumably induce fractures. Its use has
not been shown to reduce calcium absorption (48,97,98)
or induce significant changes in bone mineral density
(69,70,72,87,99-101), and some study suggests that proton
pump inhibition in osteoclasts by PPIs may impair bone
remodeling (102).

Although osteoporosis-related bone fragility fractures
entail a significant socio-economic impact and high mor-
bidity and mortality rates, only 1% to 5% may be attributed
to PPI use (91,103). Therefore, clinical relevance seems
low. In this respect, the FDA points out that evidence is
inadequate to recommend calcium supplementation or reg-
ular bone density scans (60).

In conclusion, PPI use is associated with higher risk for
bone fractures, but such association cannot be said to be
causal. Available evidence does not allow to recommend
PPI discontinuation in order to prevent bone fractures, but
inappropriate prescription must be precluded, and mini-
mum effective doses are to be sought (60,104).

DO PPIs FAVOR ENTERIC INFECTION
AND PNEUMONIA?

The available scientific evidence, based on case-control
and cohort studies, suggests that PPI is associated with
a mildly increased risk of enteric infection, particularly
with Clostridium difficile (CD), and community-acquired
pneumonia (CAP). Gastric acid represents a physiological
antimicrobial barrier. Infection risk during PPI use results
from gastric secretion inhibition, that is, the beneficial
effect of these drugs.

Leonard (105) used a meta-analysis to assess the asso-
ciation between enteric infection and gastric antisecre-
tory drugs. The use of these drugs was associated with
increased risk for infection with Salmonella, Campy-
lobacter, and additional organisms other than CD (OR
2.55; 95% CI: 1.53-4.26), the association being higher
for PPIs (OR 3.33; 95% CI: 1.84-6.02) than for anti-H,
agents (OR 2.03; 95% CI: 1.05-3.92). Two recently report-
ed studies associated PPI use with Salmonella (106, 107).
Garcia-Rodriguez (108) carried out a case-control study
in Spain, which also identified a greater risk for infection
with these organisms during PPI use (RR 2.9; 95% CI:
2.5-3.5) but not during therapy with anti-H, agents (RR
1.1; 95% CI: 0.9-1.4). The association between PPI use
and CD infection has been most studied. Three meta-anal-
yses reported in 2012 (109-111) identified a greater risk
for CD infection (OR 1.74; 95% CI: 1.47-2.85; OR 2.31;
95% CI: 1.72-3.10 for cohort studies, and OR 1.48; 95%
CI: 1.25-1.75 for case-control studies; and OR 2.15; 95%
CI: 1.81-2.55, respectively).
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Table V. A meta-analysis of studies on PPl use and bone fractures

Adjusted odds ratio or

Meta-analysis Year Studlies RR (95% C)) Comments
Vestergaard (65), Yang (66),
Targownik (67), Yu (69), Roux (70),
Up t6 2015 Gray (72), Corley (71), Chiu (83), Heterogeneity among studies.
Zhou (93) (2%1 5) Pouwels (73), Khalili (79), Reyes 1.33(1.15-1.54) Higher risk for spinal fractures.
(74), Fraser (84), Cea Soriano (75), No duration-response relationship
Moberg (82), Ding (76), Lewis (81),
Adams (80) (204,109 fractures)
Compares bisphosphonates vs.
Up to 2014  Itoh (87), Roux (70), Abrahamsen bisphosphonates+PPls.
Yang (92) <2%1 5) (85) Leel(88) ' 1.52 (1.05-2.19) Heterogeneity among studies.
! Higher risk for Asian patients and
spinal fractures
Vestergaard (65), Yang (66), Kaye
Up to 2010  (83), Targownik (67), Yu (69), Roux
Eom (89) 2011) (70), Gray (72), Corley (71), Chiu 22 (1:18-1:4D)
(83), Pouwels (73)
Vestergaard (65), Yang (66), Kaye
Ngamruengphong Up to 2010  (83), Targownik (67), Yu (69), Roux Hip 1.25 (1.14-1.37) No clear-cut dose-response or
(90) (2011) (70), Gray (72), Corley (71), de Spine 1.50 (1.32-1.72) duration-response effect
Vries (86), Pouwels (73)
Vestergaard (65), Yang (66), No clear-cut dose-response or
Yu (1) Up to 2010  Targownik (67), Yu (69), Roux (70), 1.16 (1.04-1.30) duration-response effect.

(2011)
Pouwels (73)

Gray (72), Corley (71), Chiu (83),

Hip 1.30(1.19-1.43) 4.7% hip fractures attributable to PPIs.

Heterogeneity among studies

In the meta-analysis by Kwok (109) the risk associated
with PPI use (OR 1.74; 95% CI: 1.47-2.85) increased with
concurrent antibiotic use (OR 1.96; 95% CI: 1.03-3.70). The
causal association between PPI use and CD infection may
be considered mild to moderate. Most studies provide no
information on the influence of variables such as treatment
duration, comorbidity, hospitalization, advanced age, etc.,
hence recommendations are challenging regarding preven-
tive measures in clinical practice. However, we should be
particularly cautious in prescribing PPIs for patients with
risk factors for CD infection -a recently reported retrospec-
tive study (112) concluded that PPIs should be avoided in
patients with recurrent CD infection. In this regard, the FDA
recommends that the diagnosis with CD-related diarrhea be
considered for patients on PPIs with persistent diarrhea. Fur-
thermore, given the risk for infection with CD, they recom-
mend that PPIs be prescribed at the lowest effective dose for
the shortest duration possible (113).

As regards the association of pneumonia and PPI use,
case-control studies reported in 2004-08 (114-116) and
subsequent meta-analyses (117-120) suggest that PPI use
may be associated with a mildly increased risk of CAP.
In the review by Lambert (119) an OR of 1.49 (95% CI:
1.16-1.92) was found. A pathogenic relationship has not
been well established but might involve gastric bacterial
colonization, changes in oropharyngeal bacterial flora, and

pulmonary microaspiration. The fact should be highlighted
that increased risk is related to treatment duration, being
higher within 1 month after therapy onset (OR 2.10; 95%
CI: 1.39-3.16) regardless of dosage and patient age. It is
also associated with an increased risk of hospitalization for
CAP (OR 1.61; 95% CI: 1.12-2.31).

In summary, the increased CAP risk reported during
therapy with PPIs is low, and only relevant for short-term
regimens, with no convincing explanation. The absence
of higher quality studies, as occurs with enteric infection,
hinders the assessment of causal associations and a most
likely influence of confounding factors (121,122). The
information available does not allow recommendations
on CAP prevention in clinical practice, except using PPIs
for stringent indications alone.

IS PPI USE CONCURRENTLY WITH
THIENOPYRIDINE DERIVATIVES SAFE, OR DO
THEY INCREASE CARDIOVASCULAR RISK?

Clopidogrel and ticlopidine are thienopyridine deriva-
tives with platelet antiaggregation activity entailing a high-
er risk for gastrointestinal bleeding, particularly in patients
with a history of digestive bleeding and peptic ulcer. Clopi-
dogrel is now more commonly used, and undergoes con-
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version to its active metabolite in the liver primarily by
cytochrome P450 isoenzymes CYP2C19 and CYP3A4.
These isoenzymes also play a role in PPI metabolism, this
being why PPIs inhibit clopidogrel activation (123,124).
Prasugrel is a novel thienopyridine that only requires a
metabolic step via the hepatic CYP isoenzymes to become
an active compound. Therefore, platelet inhibition is faster,
more pronounced with lower doses, and response is less
variable. Also, prasugrel response is less affected by con-
comitant CYP inhibitors (125).

The first study who drew attention on the interaction of
omeprazole (20 mg daily) and clopidogrel (75 mg daily)
was reported by Gilard (126). The percentage of platelet
function inhibition after 7 days on both drugs was much
lower in the omeprazole group (39.8 + 15.4%) versus the
placebo group (51.4 + 16.4%, p < 0.0001). This study did
not analyze the potential clinical consequences of this
effect. While many observational studies are available, few
randomized controlled studies (127-129) and meta-analy-
ses (130-133) allow to assess the clinical effect of concom-
itant PPI use on clopidogrel efficacy.

The COGENT study (127) compared clopidogrel ver-
sus clopidogrel + omeprazole (20 mg). It included 3,873
patients either with acute coronary syndrome or undergo-
ing percutaneous revascularization. No differences in car-
diovascular events were reported between both groups, but
upper GI bleeding rates were lower among those treated
with omeprazole. The TRITON-TIMI study (128) included
13,608 patients, and showed no association between PPI
use and cardiovascular risk. Another study, PLATO (129),
included 18,624 patients receiving clopidogrel or ticagre-
lor. Although a mildly increased cardiovascular risk was
reported for those on PPIs, such risk was also seen among
those on other drugs, including anti-H, agents; hence the
authors concluded that PPI use may be considered a car-
diovascular risk marker rather than its cause.

As regards the meta-analyses reported thus far (130-
133), most studies included are observational in nature,
whether retrospective or prospective. Their findings are
conflicting in that some of them show a marked increase in
serious cardiovascular adverse events, whereas others only
find a mild or even absent increase or risk of readmission.

The most recent one, by Kwok (133), included 23 stud-
ies in 222,311 patients. While the pooled cardiovascular
risk was significantly increased among subjects on PPIs, no
differences were shown between PPIs, including pantopra-
zole, reflecting their different pharmacokinetics and their
related platelet function assessments; the authors conclud-
ed that confounders and biases likely play a role in many
of the pooled studies.

Several international agencies and expert committees
have taken a stance on this subject. The EMA (Europe-
an Medicines Agency) published an alert in May 2009
(amended in March 2010) suggesting that clopidogrel may
be less effective in patients on PPIs, which would increase
the risk of cardiovascular adverse effects (134,135). The
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FDA pronounced themselves similarly in 2010 (136),
and the AEMPS published a warning advising against
the use of omeprazole and esomeprazole -but not other
PPIs- combined with clopidogrel (137). The Canadian
Cardiology Society (2011) and the European Cardiology
Society (2013) recommend that PPIs with less inhibition
of CYP2C19 be used in patients on clopidogrel with high
risk for upper GI bleeding (138,139).

Complexity has grown following a recently reported
observational study (140) where a novel data mining tech-
nique was use to recover information from electronic clini-
cal records. The primary analysis included 70,477 patients
with gastroesophageal reflux disease, and the authors con-
cluded that PPI use is associated with myocardial infarc-
tion -OR 1.16 (95% CI: 1.09-1.24). The increase seen in
absolute risk is moderate- only one in 4,000 patients on a
PPI may experience myocardial infarction. This effect is
independent of clopidogrel use, hence the increase in car-
diovascular events seen in patients receiving clopidogrel
plus a PPI may also be accounted for by a PPI class effect.
The weakness of this association, the differences between
PPIs, the lack of control for confounders and independent
cardiovascular risk factors, and the information collection
approach advise caution in interpreting the study’s find-
ings.

The SOPRAN study (141), a randomized, multicenter,
prospective trial in patients followed up for 12 years,
reported 8 myocardial infarction events in the omeprazole
group versus 2 in the surgical procedure group. However,
this is attributed to older mean age and more prior MIs in
the omeprazole group, as well as more losses to follow-up
in the surgical procedure group.

During 2015, at least 5 additional sudies have been
reported (142-146) that attempt to correlate PPI plus
clopidogrel use with higher CV risk, with no conclusive
findings. While observational studies suggest a PPI-clopi-
dogrel interaction, such interaction remains clinically
unidentified in randomized clinical trials (147-149).

Therefore, based on the currently available data, patients
with acute coronary syndrome or undergoing coronary
artery revascularization on thienopyridines should only be
prescribed a PPI when the indication is clear, particularly
if a history of peptic ulcer or upper GI bleeding is present.
Anyway, caution must be exerted, and further prospective,
randomized studies are needed to shed light on this poten-
tial interaction.

MAY PPIs INCREASE COMPLICATION RISK
IN PATIENTS WITH LIVER CIRRHOSIS?

PPIs entered clinical practice in the 1980s, and have been
widely used in patients with liver cirrhosis ever since for
multiple indications (peptic ulcer, gastroesophageal reflux,
portal hypertensive gastropathy, post-sclerotherapy ulcer
prevention, digestive bleeding, and Barrett’s esophagus,



216 C. DE-LA-COBA ET AL.

among others). Considered from the outset as virtually
harmless drugs, various studies reported in recent years warn
against infections related to PPI use, primarily nosocomial
pneumonia (150), infection with Clostridium difficile (151),
and spontaneous bacterial peritonitis (SBP) (152,153).

Numerous studies have suggested that PPI use in
patients with cirrhosis increases SBP risk, whereas oth-
ers have found the opposite (152-166) (Table VI). Two
pioneering meta-analyses (155,158) supporting the for-
mer hypothesis have been criticized for low methodolog-
ical quality, namely the inclusion of a reduced number
of studies and lack of any bias identification approach.
A recent meta-analysis by Xu (153) concluded that these
drugs, when used in patients with cirrhosis and ascites,
significantly increase SBP risk, with OR 2.17 (95% CI:
1.46-3.23), albeit with high heterogeneity (I12 = 85.6%).
In contrast, a simultaneously reported multicenter study
(165) carried out in Argentina on 521 patients refutes this
hypothesis, since no differences in PPI use were found for
patients developing a SBP event or otherwise. However,
the latter study, which was reported as prospective, was
based on a survey on PPI use in the prior 3 months that was
administered to patients on hospital admission.

Regarding dosage, an increased risk has been described
for standard versus halved doses (162) (OR: 2.184; 95%
CI: 0.935-5.103; p = 0.07). Comparisons are challenging
for treatment duration since no consistent definitions are
found among studies. With this limitation, both increased
risk for SBP with longer treatment (167) and no influence
of this variable have been reported (157).

Regarding bacterial infection risk, the meta-analysis
found it increased, with OR 1.98 (95% CI: 1.36-2.87; p <
0.05) (153). The study by Merli (168) suggests that chronic
therapy with PPIs increases the prevalence of infection,
particularly in patients with severe liver disease, hospi-
talized within the past 6 months, or having experienced
infection during the previous year. Experimental studies
in animal models (rats) showed that PPIs induce bacterial
overgrowth in the gut. However, the factor predominantly
determining infection risk in cirrhotic patients is function
stage, with a 3-fold higher probability for Child-Pugh
grades B and C, as compared to grade A; increased intes-
tinal permeability by these drugs may be a contributing
factor (169), a hypothesis supported by other studies (163).

A recent single-center, prospective study (170) related
PPI use with increased mortality risk in a cohort of 272
cirrhotic patients (OR 2.363; 95% CI: 1.264-4.296; p =
0.007 for the multivariate analysis), although patients on
PPIs had greater impairment of liver function (Child-Pugh,
MELD) when compared to the other group (84% vs. 59.3%
were Child B-C). In the univariate study, PPIs were related
to colonization with multiresistant bacteria, a trend that
persisted in the multivariate analysis albeit without reach-
ing statistical significance.

Future prospective, well designed studies are needed to
clarify the association of different PPIs with infection risk
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in cirrhotic patients, as well as the potential effect of dose
and duration on said risk.

In summary, PPI use in patients with liver cirrhosis,
particularly those with cirrhotic decompensation, may
have a deleterious effect, and therefore should be cau-
tiously indicated on an individual basis in this subgroup.
Acid secretion is reduced in these patients, hence evidence
is inadequate to indicate PPIs as prophylaxis for peptic
complications in patients portal hypertensive gastropathy
or esophageal varices.

DISCUSSION

Overall, we may assert that PPIs represent a safe drug
class with mostly mild adverse effects including headache,
constipation, diarrhea, dyspepsia, skin rash, and rarely
symptomatic hypomagnesemia. No cases of cancer or car-
cinoid tumors have been reported in association with long-
term PPI use. Drug-drug interactions may occur through
various mechanisms, including impaired absorption from
gastric pH changes, or through competition for cytochrome
P450. Significant interactions include atazanavir, clopido-
grel, cyclosporin, warfarin, acenocoumarol, carbamaze-
pine, and antifungal agents, among others (171). A careful
assessment of potential drug-drug interactions is also key
to avert adverse events or unnecessary risks for therapy
failure when using novel direct-acting antiviral agents such
as sofosbuvir, ledipasvir, etc., where concomitant PPI use
is advised against (172).

Furthermore, consideration of PPIs as simply gastric
“protectors” with virtually no adverse effects has shot
up their use for uncertain indications or symptoms not
associated with acid hypersecretion. Also, their current
low cost and the fact that may be easily obtained over-
the-counter has favored their use and self-medication.
Potentially serious side effects have been reported of late,
which have been related to ongoing, long-term PPI use.
These include symptomatic hypomagnesemia, higher
risk for bone fracture, higher risk for infection (enteric
infection or pneumonia), vitamin malabsorption, risk for
potentially serious interactions (clopidogrel), primarily
infectious complications in cirrhotic patients, and devel-
opment of chronic renal disease, as was highlighted in
a recent observational study (173). However, when the
scientific evidence supporting potential PPI risks is ana-
lyzed, it is often based on observational studies or case
reports endowed with obvious biases, including other
likely causes for the reported side effects and inconsistent
findings. Similarly, most reported studies exhibit blatant
heterogeneity and inadequate control for potential con-
founders. The GRADE classification system for assess-
ing the quality of evidence ascribes a low-quality score
to evidence obtained from observational studies, which
may be upgraded to moderate-quality for strong, highly
consistent effects, with a dose-response relationship, and
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one plausible confounder. It is further considered that the
observed effect of an intervention exhibits a weak asso-
ciation when its relative risk or odds ratio is smaller than
2, as is the case with most studies reviewed in the present
paper. Furthermore, these effects usually concern poly-
medicated, frail elderly individuals with severe comor-
bidities, and immunosuppressed, malnourished patients,
where PPI use may represent an additional risk marker
rather than a causal association.

The association of PPI use with pneumonia, bone frac-
ture, or a cardiovascular event should not be underestimat-
ed, as it may entail non-negligible morbidity and mortality
rates. This fact must be borne in mind, and PPI use must
be envisaged as a factor that, added to other factors, may
trigger undesired effects.

To sum it all up, the evidence supporting an associa-
tion between these adverse effects and long-term PPI use
is difficult to interpret, lacks sufficient weight, and may
be biased. Even so, we must remain cautious and alert
in order to prevent such complications from arising in
high-risk patients. Further studies and randomized tri-
als are obviously needed, but higher-quality evidence is
unlikely to result.

Presently, both the short-term and long-term benefits
of PPI therapy exceed potential risks or side effects, pro-
vided clinical indication, dosage, and treatment duration
are appropriate. Efforts should be made to avoid improper
prescription, particularly in the polymedicated frail elder-
ly and following hospitalization, and to inform patients
regarding their treatment duration and how to keep clear
from adverse effect-associated risk factors.

CONCLUSIONS AND POSITION STATEMENT

In summary, based on all the above, the statements
considered by the SEPD as their positioning on PPIs and
their potentially serious adverse effects include the fol-
lowing:

1. Overall, PPIs may be considered a safe drug class

with few, mostly mild adverse effects.

2. Consideration of PPIs as simply gastric “protectors”
with virtually no side effects has shot up their use
often with no clear indication or for symptoms not
associated with acid hypersecretion.

3. The need to use PPIs only when indicated, for the
necessary duration, at the minimum effective dose,
always under medical prescription is underscored by
the SEPD.

4. Several potentially serious adverse effects have been
associated with continued, long-term PPI use, but the
evidence supporting such association is difficult to
interpret and of insufficient weight, and may also be
biased in multiple cases.

5. However, adverse effects with non-negligible mor-
bidity and mortality rates do exist, which makes it

REV Esp ENFERM DIG (MADRID)

advisable to regularly monitor appropriate PPI pre-
scription, particularly in at-risk situations.
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