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Introduction

Proton pump inhibitors (PPIs) are the most potent
drugs for reducing gastric acid secretion; thus, since
their release in the late 1980s, they have been recom-
mended as the first therapeutic choice for: i) gastroe-
sophageal reflux disease (GERD); ii) non-erosive
reflux disease; iii) healing of erosive esophagitis; iv)
maintenance of healing of erosive esophagitis; v) pep-
tic ulcer disease; vi) maintenance of healed ulcer dis-
ease; vii) Zollinger Ellison syndrome; viii) treatment
of Helicobacter pylori infections in combination with
antibiotics; ix) risk reduction in and healing of non-
steroidal anti-inflammatory drugs (NSAID)-associ-
ated ulcer disease; x) stress ulcer prophylaxis (SUP)

in intensive care unit patients; xi) pyrosis and some
dyspeptic syndromes as NSAID induced dyspepsia.1

Proven the PPIs effectiveness in so widespread
pathologic conditions, in recent years there has been
a progressive increase in the number of prescriptions.
In Germany the PPIs use is risen from 44 million de-
fined daily doses (DDD) in 1993 to 1674 million DDD
(+3804%) in 2008 with an associated cost of € 540
million.2

In USA the data obtained with a 12-month (April
2013 - March 2014) survey on the top 100 drugs by
total prescriptions and total sales showed that only
levothyroxine and rosuvastatin had a higher number of
prescriptions than esomeprazole (respectively, more
than 23 million, about 22.9 million and 19.3 million).
In March 2014 the esomeprazole cost was US$ 6.2 bil-
lion.3 Thus, PPIs account for a significant proportion of
pharmaceutical health-care expenditure, even if the de-
crease in price of these drugs in the last years has par-
tially balanced the substantial increase in drug usage. 

The National Institute for Health and Clinical Excel-
lence (NICE) published its guidelines on PPIs in 2000.
The recommendations for using these drugs, particularly
in the long term, are relatively selective.4 Expenditure
on PPIs would be far less than 90% of the total dyspep-
sia drug budget if restricted to the recommended indi-
cations; however, there are many and strong evidences
that the well-established guidelines are not often fol-
lowed. The reasons for this are unclear and cannot be
explained solely by increased morbidity, new indications
and new diagnostic procedures. Certainly there is also a
PPIs overprescription, often explained by the anxiety for
possible medico-legal consequences. PPIs overuse has
been identified in primary and secondary care and at the
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interface between primary and secondary care, espe-
cially at discharge from the hospital. In all different care
settings there is also a potential cause for an increasing
number of clinical risks. Thus, the economic and clinical
consequences of the frequent PPIs inappropriate pre-
scription have often been studied and described in the
biomedical literature. In this review a summary of the
most important damages due to the use of these drugs
without a correct indication or for a not justified long
term is expounded, proving that their overutilization is
a serious economic and clinical mistake. 

Overutilization of proton pump inhibitors
therapy in hospitalized medical patients

In 2013 a research, very interesting for the origi-
nality of the methodology, was performed by the De-
partment of Medicine of Waterford Regional Hospital
(Ireland).5 The aim was to evaluate the appropriateness
of PPIs prescription by conducting an audit against
recommended guidelines (NICE 2000).

The study participants were 205 consecutive pa-
tients admitted to medical wards and assessed for the
use of PPIs (mean age 61 years; range 19-95 years). All
six medical wards were audited and the prescription
charts were surveyed to identify patients on PPIs; this
was carried out over a period of two weeks. The study
was based on a specific questionnaire. In the first step,
patient medical records, such as general practitioner
(GPs) letters and hospital visit reports, were reviewed
for further data: age, gender, demographic details,
dosage and duration of PPIs use, whether PPIs were
started during this admission, if PPIs therapy was begun
by hospital doctors or GPs, any endoscopies performed
to support the diagnosis and any documentation of in-
dication for prescribing PPIs. In the second step, a short
interview was carried out with each patient to evaluate
patients’ knowledge of their treatment by asking the
clinical reason for using PPIs; moreover, the interview
was carried out to identify possible discrepancies be-
tween patients’ reports and medical records data, par-
ticularly about the procedure and the duration of the
therapy. At the end, statistical analysis was performed.

This method of investigation has allowed to obtain
a big amount of data; the more interesting are reported
in this schematic list: i) 79% (162/205) of patients were
using PPIs at admission to the hospital; ii) in 64% of pa-
tients PPIs were prescribed by hospital doctors, either
during their current or previous visits; in 36% of the
cases the therapy was instituted by GPs; iii) the duration
of PPIs therapy ranged from 1 day to 15 years; 31%
(51/162) of patients were taking PPIs for ≥2 years and
another 18% (n=29) were using PPIs between 1-2 years;
iv) no documentation for PPIs valid indication was
found for 45% (73/162) of patients; v) only 39% (n=63)
of patients were aware of the reason for being prescribed

a PPI, and among 27% (17/63) of this group discrepan-
cies were noted between patient report and medical
record data; vi) healing or preventing NSAIDs/aspirin-
induced ulcer was the sole reason for PPIs co-prescrip-
tion in 20% (33/162) of the studied patients; vii) to only
14% (23/162) of patients PPIs recommended mainte-
nance doses were prescribed and significantly the vast
majority of patients were using PPIs long-term high
doses; viii) only 12% (20/162) of patients had their
upper gastrointestinal endoscopies for confirmation or
justification for being on PPIs.

Similar results have been described in previous stud-
ies and in different countries (USA, Sweden, UK) show-
ing that a PPIs considerably excessive usage does exist
in inpatient settings,6,7 that the frequency of PPIs discon-
tinuation is low in long-term users,8 that there are more
difficulties in discontinuing PPIs in GERD than in non-
GERD patients8 and that an educational intervention em-
ployed to reduce PPIs inappropriate prescription in the
community had no effect on the proportion of patients
taking these drugs at the time of hospital admission.9

In addition, the list of Haroon et al. provides an-
other important and exact result: of note, to the ma-
jority of medical inpatients PPIs were prescribed with
an inappropriate or a poor indication, being lower than
expected the number of patients who had endoscopy
before starting PPIs therapy.

The guidelines recommend long-term therapy only
for few indications, such as gastro-esophageal reflux
disease, and for patients with a documented NSAIDs-
induced ulcer who cannot avoid a continuous therapy
with NSAIDs. However, in this study about 60% of pa-
tients were using long-term high doses of PPIs although
the frequent possibility of the interruption of the therapy
or the use of lower maintenance doses. A reason for this
mistake is certainly the lack of communication between
the clinical staff and the patient, who often do not well
know the importance and the characteristics of his dis-
ease. Thus, a regular monitoring and the re-evaluation
by the attending physicians, either in primary or sec-
ondary care, of the continuous need for PPIs remains
crucial. Moreover, it is very important to educate the
patient about his disease, taking into consideration all
the changes in the clinical course.

Proton pump inhibitors overutilization
for stress ulcer prophylaxis

Evidence-based guidelines for SUP were published
by the American Society of Health-System Pharmacists
(ASHP) in 1999.10 SUP is not recommended for adult
medical and surgical patients admitted in non-Intensive
Care Units (ICU) with fewer than two risk factors for
clinically significant bleeding. More important factors
are sepsis, occult or overt bleeding for 6 or more days,
history of gastric ulceration or bleeding during the 12
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months preceding the admission, hepatic failure, spinal
cord injury, partial hepatectomy, thermal injury involv-
ing greater than 35% of the body, or head injury with
Glasgow coma score of less than or equal to 10.11 SUP
is not warranted in patients at low risk for clinically in-
significant bleeding (e.g., patients not receiving me-
chanical ventilation or those without significant
coagulopathy). The number-needed-to-treat to prevent
a single episode of clinically significant gastrointestinal
bleeding in the ICU setting is greater than 900,12 this
data being unknown for the non-ICU setting but ex-
pected to be much higher.

Despite a lack of evidence supporting its use, sev-
eral studies have shown that in the non-ICU setting an
antisecretory therapy (AST) for SUP has been pre-
scribed without proper indication to 22-54 % of pa-
tients. In most cases AST was with PPIs.13-15

A cross-sectional web-based survey in a univer-
sity-affiliated tertiary care hospital in Massachusetts
found that 69% of physicians prescribed SUP to over
25% of patients in the non-ICU setting inappropriately
fearing an improbable upper gastrointestinal (GI)
bleeding [odds ratio (OR) 2.7; 95% confidence inter-
val (CI) 1.07-7.28] or medico-legal repercussions for
not prescribing SUP (OR 3.02; 95% CI 1.07-8.56).16

Proton pump inhibitors overutilization
after hospital discharge

Some careful studies have cumulatively found that
over 50% of inpatients, who started PPIs therapy in
the non-ICU setting, was discharged with an unneces-
sary prescription of PPIs.13-15

One retrospective cohort study conducted in a sin-
gle US academic hospital found that the inpatient costs
for SUP in the non-ICU setting were US$ 44,000 an-
nually. If these costs are coupled with nearly US$
68,000 in outpatient pharmacy costs, when the PPIs
were reflexively continued upon hospital discharge,
combined estimated expenditure was of nearly US$
112,000 annually, which could easily be prevented
through the proper adherence to SUP guidelines.13

Sometimes after hospital discharge the patients
continue unnecessary therapy with PPIs without doc-
tor’s prescription because they worry to lose the pre-
vious treatment advantages. Often PPIs are used for
long term and uninterruptedly therapy with a signifi-
cant increase in costs and risks of adverse events.

Proton pump inhibitors overutilization
in ambulatory practice

Regarding this problematic, better information is
obtained from some retrospective or observational
studies more than from few adequate trials.

A retrospective medical record review conducted
in Ann Arbor to determine the prevalence and eco-
nomic effect of inappropriate PPIs use in an ambula-
tory care setting found that of 946 patients -
categorized according to appropriateness of pharma-
cotherapy based on documented upper GI tract diag-
noses, GI or extraesophageal symptoms, or
gastroprotection - 35.4% were given PPIs therapy for
an appropriately documented upper GI tract diagnosis,
10.1% received PPIs empirically for symptomatic
treatment based on extraesophageal symptoms, 18.4%
received PPIs for gastroprotection, and 36.1% had no
documented appropriate indication for PPIs therapy.
In a subgroup analysis, 48.6% of patients across all 4
categories received PPIs without documentation of
reevaluation of upper GI tract symptoms, disavowing
the potential for on-demand or step-down therapy, and
accounting for 1034 patient-years of PPIs use. The
total cost of inappropriate PPIs use was US$
1,566,252 based upon average wholesale price costs.17

A study conducted through a Boston health plan
evaluated, via pharmacy billing data from two insures,
prescription patterns of both PPIs and histamine 2 re-
ceptor antagonists (H2RA) in patient on chronic ther-
apy (>90 days) in account of AST. In a total study
population of 168,727 adult patients a relevant upper
GI diagnosis was found only in 61% of the cases,
mainly for dyspepsia (42% of total) and GERD (38%
of total). Thus, approximately 39% of patients lacked
appropriate documentation for any upper GI diagno-
sis. There was no subgroup analysis with regard to de-
fined gastroprotection with PPIs. Diagnostic testing
was uncommon, with only 19% having undergone
esophagogastroduodenoscopy within the prior 2 years.
Despite long-term therapy more than 30% of respon-
ders (59%) experienced heartburn or reflux more than
twice a week and more than half experienced symp-
toms of dyspepsia at least once a week. A significant
proportion of patients on chronic therapy with PPIs or
H2RA lacked definitive upper GI diagnoses in their
billing data. Thus, PPIs overuse in this outpatient set-
ting was often initiated and continued with undocu-
mented or unsubstantiated diagnoses. The high
symptom burden and low use of diagnostic testing in-
dicate opportunities for improvement in the care of pa-
tients on chronic AST.18

Overutilization of proton pump inhibitors
in gastroesophageal reflux disease therapy:
some more problems

As discussed above, GERD is a correct and fre-
quent indication for PPIs therapy (Figure 1). 

GERD often needs high dosages to obtain the re-
mission of GI and/or extra-GI symptoms and long-
term utilization to keep up clinical comfort. It has
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earlier been shown that a high number of patients,
maintained on greater than single-daily dose of PPIs
to treat GERD symptoms, could be reduced to single-
dose therapy without relapse of symptoms. In a
prospective cohort study from a single center, 117 pa-
tients asymptomatic for GERD symptoms were
stepped-down from a multiple-dose of PPIs to a sin-
gle-dose therapy with lifestyle modification. The pa-
tients were submitted to an accurate follow up with
scheduled controls and possibility to contact the re-
search center at any time. Six months after being
stepped-down to a PPIs single-dose, 79.5% of patients
remained free of GERD symptoms.19 Of note, 16/19
(84%) of patients, who failed the step-down during a
previous therapeutic attempt, remained free of GERD
symptoms after stepping-down during this trial. It is
not easy to explain the reasons for this success. It is
reasonable that a greater attention to the timing of PPIs
dosing (one-half hour before a meal) and a diligent ad-
herence to recommended lifestyle modifications (e.g.,
smaller portion meals, avoidance of eating for 4 h be-
fore sleep, head of bed elevation) have contributed to
the step-down success despite the earlier failure.13

Other therapeutic options, which can be usefully
alternative to PPIs uninterrupted and long-term use,
have been reported: 
-    On-demand therapy, defined as administration of

medication in response to symptoms with discon-
tinuation of drugs after symptoms are alleviated,
is an attractive therapeutic option because of cost-
effectiveness and patient compliance. 

     Three randomized, placebo controlled trials exam-
ined the results of on-demand therapy using dif-
ferent PPIs and different dosages in non-erosive
reflux disease patients. The primary end point was
the proportion of subjects willing to continue on-
demand therapy after 6 months of intervention,
which was significatively greater among patients
randomized to receive PPIs therapy (83-85%) ver-
sus placebo (48-56%) (P<0.01 in all studies).20-22

     Another trial placebo-controlled study showed that
432/523 (83%) of patients reported a complete
symptom relief with PPIs therapy at the end of the
acute phase. During the following on-demand
treatment, discontinuation rates because of inade-
quate heartburn control were 20% for placebo vs
6% for PPIs (P<0.00001).23 Antacid use was
twofold higher in the placebo group. 

     Despite these results, it is possible that sometimes
the patients do not comply with the rigorous in-
structions about the on demand therapy and do not
modify the frequency and interval of medication
intake, even when the symptoms become signifi-
cantly less intense.24

-    Step-off PPIs to less expensive drugs for gastric
acid ipersecretion (histamine-2-receptor antago-
nists) or no GERD drugs (prokinetics) in patients
in whom PPIs alleviated GERD symptoms. The in-
dependent factor associated with successful step-
off from PPI was age: for every decade of
increased age there was a 35% increase in the like-
lihood of success.25

[page 220]                                                 [Italian Journal of Medicine 2015; 9:562]

Review

Figure 1. A) Erosive esophagitis before proton pump inhibitors therapy. B) Suspected endoscopic esophageal metaplasia
(Barrett’s esophagus?). Courtesy by Pietro Di Giorgio and Francesco Giannattasio, Unit of Digestive Endoscopy, Loreto Mare
Hospital, Naples, Italy.
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These recommendations about possible alternatives
to long-term uninterrupted PPIs therapy have been ac-
cepted by a recent revision of NICE guidelines, which
replaces NICE clinical guidelines 17 (published August
2004), offering new evidence-based advice on the care
and treatment of adults with symptoms of dyspepsia or
symptoms suggestive of GERD or both.26

Iatrogenic damages by proton pump
inhibitors

Some potential adverse effects associated with
PPIs therapy have been described over the past
decades, including enteric and pneumonia infections,
nutritional deficiencies (B12, iron and magnesium),
rebound acid hypersecretion, acute interstitial nephri-
tis, gastric neoplasms, bone fractures.27 The majority
of the available data are derived from retrospective
studies that cannot fully adjust for comorbid condi-
tions or prove a direct cause/effect relationship. In
general, patients who receive PPIs therapy (especially
hospitalized patients) have more comorbid conditions
than those who do not receive therapy, which is a
major confounder with respect to outcomes risks dis-
cussed below.28 All the same it seems obvious that
PPIs overutilization, particularly inappropriate long
term utilization, can increase incidence and clinical
relevance of these effects, sometimes causing more
damages than benefits.

Gastrointestinal infections

The risk of enteric infections associated with PPIs
use centers on the theory of impaired destruction of in-
gested microorganisms by gastric acid as pH rises
above 4.29 So achlorydria or severe hypochlorydria, due
to chronic atrophic gastritis and long term PPIs admin-
istration, may cause an increased risk of enteric infec-
tion. A detailed meta-analysis provided evidence linking
various durations of PPIs therapy in hospitalized pa-
tients with an increased risk of enteric infections by
Clostridium difficile (CD),Campylobacter, Salmonella,
Shigella, and Listeria. A 2007 meta-analysis was the
first to suggest a potential three-fold increased risk for
enteric infections, including Salmonella, Campylobac-
ter and Shigella, among PPIs users.30

Moreover, although it is thought that PPIs have a
minor effect on altering the intestinal bacterial micro-
biota and observational studies have suggested that PPIs
may or may not increase risk of enteric infections, these
drugs can cause bacterial overgrowth in the small bowel
and consequently the diarrheal disease defined as small
intestinal bacterial overgrowth syndrome, sometimes
mistakenly diagnosed as irritable bowel syndrome.31,32

PPIs not only increase intestinal bacterial colonization
but also accelerate intestinal transit. 

Greater attention must to be given to CD infection,
which may cause the pseudomembranous colitis, a dis-
ease with various levels of severity, sometimes mortal.

In 2012, physicians were alerted to a two- to three-
fold increased risk of C. difficile acute disease
(CDAD) among elderly patients with chronic comor-
bidity and on broad-spectrum antibiotics.33,34 It is prob-
able that the recent outbreak of CDAD was promoted
by several causes, but particularly by association of
PPIs with new and evolving patterns of broad-spec-
trum antimicrobial drugs, e.g., the fluoro-
quinolones.35,36

So CDAD should be considered in elderly hospi-
talized patients taking PPIs and broad-spectrum an-
tibiotics developing refractory diarrhoea and, until
trial data will be available, clinicians should consider
the risks and benefits of continuing chronic PPIs ther-
apy. Some experts recommend that all non-urgent
PPIs therapy should be discontinued during hospital-
ization to minimize the risk of CDAD, while another
proposal suggests continuing PPIs therapy when ap-
propriately indicated at the lowest effective dose.37,38

In summary, multiple case-controlled and cohort
studies have identified an association between PPIs
exposure and the development of community-acquired
and health care-associated CD infection (the risk of
CDAD also exists in non-hospitalized patients on PPIs
therapy but it has not been adequately studied).39-43

Nevertheless, further investigations are needed for a
better definition of clinical consequences and thera-
peutic strategies.27

Respiratory infections

Pulmonary micro-aspiration of gastric contents,
which may be infected as a consequence of the de-
creased gastric acid production, has led researchers to
examine the relationship between AST and the devel-
opment of community-acquired pneumonia (CAP). A
case-controlled study performed on 5551 patients in the
Netherlands observed a significant difference in CAP
incidence among subjects currently taking PPIs com-
pared with those who had stopped PPIs use [OR=1.89
(95% CI 1.36-2.62)].44 Also H2RAs increased the rela-
tive risk of developing CAP, but less than PPIs
[OR=1.63 (95% CI 1.07-2.48)]. Thus, in this study pa-
tients who were taking AST had a significant higher risk
of developing CAP compared with those who had never
taken AST. The risk of CAP development was found to
be greatest among patients who began PPIs therapy
within 30 days prior to CAP diagnosis.

The CAP increased risk among patients taking
PPIs was confirmed in other studies.45,46 However, a
CAP increased risk inversely proportional to the du-
ration of PPIs use was also confirmed. The inverse re-
lationship between the magnitude of CAP association
and the duration of PPIs use in several studies, with
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the weakest association among patients who were pre-
scribed a PPIs for the longest duration of time, is ap-
parently surprising but it may be caused by a higher
comorbidity in pneumonia cases on PPIs. When data
were adjusted for confounding variables, no signifi-
cant increase in pneumonia risk was demonstrated.46

A meta-analysis of seven randomized controlled trials
evaluating efficacy of PPIs that recorded respiratory
adverse events failed to show a significant association
between PPIs and respiratory infections (OR=1.4;
95% CI, 0.9-2.3), even among ventilator-assisted pa-
tients on chronic PPIs therapy, in whom abnormal gas-
tric colonization very often exists and the theoretical
risk of increased microaspiration or translocation
would be greatest.47

At last PPIs do not increase the risk of hospital ac-
quired (nosocomial) pneumonia (NP). In fact, there is
a reduced risk of NP in patients with nasogastric tubes
on a PPIs.48 For ventilated pediatric patients in ICU,
there is no increased risk of NP.49-51

Thus, we can conclude that long-term PPIs use do
not increase the risk of CAP; short-term use could in-
crease the risk of CAP but not of NP. 

Nutritional deficiencies

Vitamin B12

Gastric acidity is necessary to activate pepsinogen
to pepsin leading to the release of vitamin B12 from
B12-containing foods. The reduction of the protein-
bound B12 absorption is usually very low when PPIs
are used for a short-term.52-54 Prospective studies
demonstrated decrease in vitamin B12 levels within the
normal range, suggesting that the risk of deficiency may
be clinically insignificant.55-57 Consumption of a normal
diet will safeguard against clinically significant B12 de-
ficiency when taking a PPI. Many studies have shown
that also PPIs used long term in non-elderly patients do
not reduce seriously serum vitamin B12 concentrations
and therefore body B12 stores.58-63 Thus, a significant
reduction in serum vitamin B12 levels and a serious
anaemia seem possible only in elderly patients with gas-
tric atrophy54,64,65 and in patients with ZES, who need a
long-term therapy at very high dosage.66

Iron

Patients with achlorhydria or significant gastric
acid hyposecretion caused by vagotomy, gastric resec-
tion or atrophic gastritis may have iron deficiency ane-
mia. Instead patients treated long-term with PPIs high
doses have a small reduction in duodenal absorption
of organic and non-organic iron and the risk of latent
iron deficiency or iron deficiency is not increased.67,68

A cohort of patients with Zollinger-Ellison syndrome
who were treated with PPIs for over 10 years did not
develop significant iron deficiency.69

Magnesium

Hypomagnesemia is a rare event secondary to
chronic PPIs therapy. Fewer than 30 cases have been
described in the literature since 2006, with 61% hav-
ing received PPIs therapy for 5 or more years and 29%
for at least 10 years.55 However, it is important to keep
in mind this possibility because hypomagnesemia
could have severe clinical consequences (tiredness, in-
stability, tetany, convulsions, cardiac arrhythmias and
increased risk for hospitalization) and could be asso-
ciated with hypopotassiemia and/or hypercalcemia.
Patients with hypomagnesemia receiving both a PPI
and a diuretic are at higher risk for hospitalization.70

Magnesium supplementation alone did not suffi-
ciently increase serum magnesium levels and PPIs
therapy had to be discontinued.71 If AST is essential,
switching to an H2RA should be considered a reason-
able practice.26

There is no accepted biological mechanism to ex-
plain hypomagnesemia in PPIs users. Low-serum mag-
nesium results from impaired absorption or intake,
excessive losses (urinary or gastrointestinal), redistrib-
ution from extracellular to intracellular sites or acquired
deficiencies in receptors of bivalent cations (calcium
and magnesium) channels, subfamily M, member 6
(TRPM6) and member 7 (TRPM7).72 Increased gastric
pH could affect the function of these channels.

Rebound acid hypersecretion

PPIs therapy increases G-cell release of circulating
gastrin, which has trophic effect on oxyntic mucosa,
causing hyperplasia and increased functional capacity
of enterochromaffin-like (ECL) cells and parietal
cells.55,73 So acid-related heartburn, acid regurgitation
or dyspepsia could present again following drug cessa-
tion owing to increased acid secretion due to sustained
hypergastrinemia.74,75 Some randomized double-blind
trials have confirmed the possibility of symptomatic
acid-related dyspepsia as a consequence of prolonged
PPIs therapy and the increased risk of long-term hyper-
gastrinemia,74,76 but at the moment still conflicting data
exist on whether discontinuation of PPIs therapy is as-
sociated with rebound acid hypersecretion (RAH). It
seems possible particularly in patients with diseases
(e.g., GERD), which really need a long-term and unin-
terrupted therapy. For these conditions other therapeutic
options previously indicated may be useful: use of the
lowest effective dose for symptom control, try on-de-
mand therapy, manage uncomplicated heartburn with
antacids or H2RA, which cause negligible RAH and
can be discontinued later with little difficulty.75,77,78

Increased risk of gastric neoplasms

During early animal safety tests on long-term
omeprazole therapy, rats with hypergastrinemia devel-
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oped carcinoid tumors.However, in humans hypergas-
trinemia alone may be associated with gastric ECL hy-
perplasia or redistribution, but it has not been
associated with neoplastic changes.79 Only if coupled
with other factors, such as genetic abnormality of mul-
tiple endocrine neoplasia type 1, long-standing hyper-
gastrinemia can produce gastric ECL carcinoids in
humans.79 Given the low incidence of gastric carcinoid
tumors, prospective studies would not be feasible;
thus, it is unlikely that the rat tumorigenic phenotypes
will ever be reproduced in humans.26

PPIs use is associated with parietal cell hyperplasia
and a fourfold increased incidence of fundic gland
polyps (FGP) (Figure 2).80-82 FGPs occur in the pres-
ence or absence of H. pylori infection.83,84

Eradication of H. pylori or stopping long-term use
of PPIs is associated with regression of FGPs. FGPs
may become dysplastic rarely and only in patients
with familial adenomatous polyposis.83,85,86 PPIs use
has never caused gastric adenocarcinoma.87

Osteopenia, osteoporosis and risk of bone fracture 

Is PPIs use associated with an increased risk of os-
teoporosis/osteopenia and, more importantly, with
bone fracture? A certain answer to this question is a
great challenge.88 No long-term prospective random-
ized, blinded, controlled trials exist addressing the po-
tential increased risk of bone fracture concomitant
with PPIs therapies, as the majority of existing data
come from retrospective case-controlled, cohort and
cross-sectional studies.

Several retrospective studies have demonstrated an
increased risk in hip, spine, and wrist fractures in both

men and women at highest risk for fractures among
those who have taken increased PPIs doses for longer
durations.27

In these case-control studies the association be-
tween prolonged PPIs use and increased bone fracture
risk is weak, ranging from 20% to 60%, with a low
magnitude of ORs (<2). Moreover, some confounding
variables, that may bias results, are present.89-92 Of
note, PPIs use is associated with greater than 50% in-
crease in fracture risk among current and former
smokers; in contrast, there is no association among
women who never smoked.89

The results of other studies are different. PPIs use
for up to 5 years is not associated with osteoporosis,
even at a high dose, and marginally affects 3-year
bone mineral density of the hip in postmenopausal
women.93,94 Kaye and Jick and Corley et al. examined
PPIs use and bone fractures, adjusting for other key
independent risk factors (i.e., alcohol abuse, arthritis,
diabetes, kidney diseases, glucocorticoids, cerebrovas-
cular diseases, dementia, epilepsy, visual impairment,
anxiolytics and pre-existing osteoporosis), showing no
increase in fractures.95,96 Corley et al. did demonstrate
a 20% increase (OR 1.2; 95% CI, 1.2-1.3) in fracture
risk among PPIs users when one or more other inde-
pendent risk factors for bone fractures were present.96

However as many retrospective studies give con-
trasting results, the link between PPIs use and meta-
bolic bone disease is really complex. 

Indeed PPIs users have a strong acid suppression
with triple effect of impairing vitamin B12 and calcium
absorption and causing hypergastrinemia. Impaired
B12 absorption decreases osteoblastic activity and con-
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Figure 2. Multiple fundic gland polyps in two patients during long-term therapy with proton pump inhibitors. Courtesy
by Pietro Di Giorgio and Francesco Giannattasio, Unit of Digestive Endoscopy, Loreto Mare Hospital, Naples, Italy.
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sequently bone formation, while on the other hand in-
creases homocysteine levels, which negatively affect
collagen cross-linking, resulting in reduced metabolic
bone density and bone strength. Hypergastrinemia
causes parathyroid hormone release from hyperplastic
parathyroid glands, contributing to increased bone ab-
sorption and decreased metabolic bone density and
bone strength. Diminished calcium absorption nega-
tively influences calcium homeostasis and reduces
plasma calcium levels, turning on parathyroid hor-
mone release with subsequent increase in circulating
parathyroid hormone, furthering the decline in meta-
bolic bone density and bone strength.26,73

Thus, it has been recommended that older patients
who require long-term or high-dose PPIs therapy
should consider increased dietary or supplementary
calcium and vitamin D intake to minimize risks of
bone fracture.27 This advice could be useful also for
postmenopausal women.

Interstitial nephritis

PPIs are listed among the drugs, which are cause of
about 60% of acute interstitial nephritis (AIN), an im-
munomediate disease with inflammation of the renal
interstitium and tubules, and possible progress to acute
renal failure.72,97 PPIs-related AIN is rare, idiosyncratic
and, therefore, difficult to predict. Its exact incidence is
not known because literature data are limited to obser-
vational cases or small series (altogether 60 cases).97 All
PPIs have been associated with AIN,but the most com-
monly implicated is omeprazole, and the least is
rabeprazole.97 Obviously diagnosis and supposition of
AIN oblige to the suspension of PPIs therapy.

Interaction between proton pump inhibitors
and other drugs

Some risks, in addition to iatrogenic diseases
above mentioned, are related to the PPIs interaction
with other drugs.88 Achlorydria or severe hypochlo-
rydria reduce the effects of drugs, as ketoconazole,
itraconazole and indinipur, requiring intragastric
acidity to maximize their absorption and bioavail-
ability.98 PPIs also influence drug absorption and me-
tabolism by interacting with adenosine triphosphate-
dependent P-glycoprotein (e.g., inhibiting digoxin ef-
flux) or with the cytochrome P450 (CYP) enzyme
system (e.g., decreasing simvastatin metabolism),
thereby affecting both intestinal first-pass metabo-
lism and hepatic clearance. This effect is greater for
omeprazole, because its high affinity for CYP2C19
isoenzyme and a somewhat lower affinity for
CYP3A4 isoenzyme, than for pantoprazole, which
appears to have lower interactions with other med-
ications. The interaction profiles of esomeprazole,
lansoprazole and rabeprazole have been less investi-
gated, but evidence suggests that lansoprazole and

rabeprazole seem to have a weaker potential for in-
teractions than omeprazole.

A recent study has documented that in 5-6% of pa-
tients on treatment with both PPI and L-thyroxine, the
interaction between the two drugs is significant, caus-
ing an increase in serum thyroid stimulating hormone
>5 mU/L and, thus, the relapse of a clinical and bio-
chemical pattern of hypothyroidism.99 The rigorous
methodology of this study probably allows overcom-
ing the existing uncertainties about the interaction be-
tween L-thyroxine and PPI. However, it does not
clarify the mechanism of such interaction, which may
not necessarily be the increase of L-thyroxine absorp-
tion caused by high gastric pH. 

For the time being the biggest problem is the in-
teraction between PPIs and antiplatelets agents. Clopi-
dogrel in association with aspirin is considered state
of the art medical treatment for acute coronary syn-
drome by reducing the risk of new ischemic events.
Concomitant treatment with PPIs in order to prevent
gastrointestinal side effects is recommended. Clopi-
dogrel needs metabolic activation predominantly by
the hepatic CYP2C19 isoenzyme, which extensively
metabolize PPIs, as mentioned above.

Several trials have evaluated the reduced effective-
ness of clopidogrel in patients taking concomitant
PPIs therapy.100-102 These studies have not permitted to
provide an evidence-based recommendation about
PPIs therapy in patients receiving antiplatelet therapy
either during an acute coronary syndrome (ACS) or
during maintenance therapy after an ACS or a cere-
brovascular accident. Additional research is needed to
further examine this issue in larger cohorts, with head-
to-head comparisons across all PPIs, as well as with
newer antiplatelets agents.

However these observations led the United States
Food and Drug Administration (FDA) and the Euro-
pean Medicines Agency (EMA) to discourage the
combination of clopidogrel and PPIs (especially
omeprazole).103,104 The FDA also warned that separat-
ing the administration times of clopidogrel and
omeprazole did not reduce drug interaction. In patients
with high risk of gastrointestinal bleeding, combina-
tion of clopidogrel with the less CYP2C19 inhibiting
pantoprazole should be recommended.105 To date,
cimetidine is the only H2RA known to interact with
clopidogrel.27

Recently a retrospective study,106 analyzing 2.9 mil-
lion patient data, has been published suggesting that
PPIs therapies are associated with an increased risk of
myocardial infarction in the general population.

Conclusions

PPIs have revolutionized the therapy of numerous
upper GI tract disorders, but they account for a signif-
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icant proportion of pharmaceutical health-care expen-
diture, most unjustified because PPIs are inappropri-
ately prescribed to a great number of in- and
outpatients. In addition to the wrong prescriptions, the
excessive expenditure is often caused by prolonging
the therapy further the real necessities. As for all med-
ications, the risks of using long-term PPIs must be
compared with the benefits, weighing accurately more
factors related to the disease and the patient. Also for
the diseases (e.g., GERD) justifying a long-term ther-
apy, it is possible to search for alternative treatments
(step-down or on-demand PPIs administration, thera-
peutic intervals with other drugs).

However, PPIs therapy is not without risk of ad-
verse effects. The possibility and the incidence of
some iatrogenic diseases related to PPIs use are not
well defined yet. Large randomized, prospective trials
are needed to establish more accurately cause/effect
relationships of adverse events during PPIs therapy. 
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