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Abstract

Background Proton pump inhibitors are among the most widely prescribed drugs in the world, but more than half of the
indications for prescription are unjustified. The misuse of this therapeutic class has heavy consequences such as additional
health costs, adverse drug reactions following long-term use and gastric acid rebound when the proton pump inhibitor is
discontinued. Objective The overprescription of proton pump inhibitors is therefore becoming a public health problem,
which led us to evaluate their use within the Geneva University Hospitals. Serting Patients hospitalized in two divisions of
the department of internal medicine of the Geneva University Hospitals on a single day. Methods This is a register-based
cross-sectional study and it collected data about the prescription pattern of proton pump inhibitors by consulting the elec-
tronic records of patients included. Main outcome measure To determine if the proton pump inhibitors prescription is made
according to the market authorization and the available guidelines. Results Hundred-eighty patients were included. 54% of
patients were on proton pump inhibitors, 29% of whom had their treatment initiated at hospital. Of the indications for treat-
ment, 72% were not justified and 63% of the justified indications did not have an adequate dosage. Therefore, in all patients
with a proton pump inhibitor at hospital, only 11% had a justified indication with an adequate dose. Finally, 87% of known
home prescriptions were renewed on admission and among them, 71% did not have a justified or possibly justified indica-
tion according to the guidelines. Conclusion Indication for treatment inside the hospital was not justified in 72% of patients
and only 11% had a justified indication with an adequate dosage. Precise guidelines with evidence-based indications and
adequate daily doses would help to correctly prescribe proton pump inhibitors. Moreover, patients should benefit from a
thorough evaluation of their treatment.

Keywords Drug-safety - Pharmacoepidemiology - Prescribing - Proton pump inhibitors - Public health - Switzerland -
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Impact of findings on practice statements
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more than 60% of them prescribed for an unjustified indi-
cation [3] in US ambulatory settings. The chronic use of
PPIs, the difficulty in stopping the treatment due to gastric
acid rebound symptoms [4], their effectiveness and their
very good short-term tolerance, leading to an estimated
compliance of 71%, explain the magnitude of their pre-
scription [5].

In the US among others, PPIs are therefore associated
with a problem of overuse [6], despite clearly established
prescription guidelines, evidence of adverse effects in the
case of prolonged intake and additional cost incurred [7].
In Switzerland, there are similar concerns and indeed the
better usage of PPIs is part of a national campaign for the
reduction of PPI overuse, the “Smarter Medicine” cam-
paign, set up by the Swiss Society of Internal Medicine
[8].

A prospective study performed in a department of
internal medicine in France showed that only 33% of
the indications were within the scope of the marketing
authorization. Amongst the 67% of off-label prescriptions,
69% of PPIs were given as a prevention against potential
gastrointestinal lesions when an antiplatelet drug, a cor-
ticosteroid or an anticoagulant was prescribed and this in
subjects without any risk factor for digestive haemorrhage
[5]. This study also found that PPI prescription increased
significantly with age, with more than half of the patients
aged 70-79 years old receiving a PPI [5].

The most common misuse of PPIs is their use for the
prophylaxis of stress ulcers outside the intensive care
unit (ICU) [9]. A study conducted in the US on non-ICU
patients showed that 79% did not have any risk factor for
a stress ulcer and therefore received an unjustified PPI
prophylaxis [10].

The misuse of PPIs can also be measured by the use of
an inappropriate dosage. The recommendations for esome-
prazole as a prophylaxis are 20 mg per day in almost all
indications, while the 40 mg daily dose is commonly pre-
scribed, without any demonstrated benefit [11].

Whereas short-term use is generally well tolerated,
the over-use of PPIs may also be related to the lack of
awareness of the harmful effects of their long-term use.
Prolonged PPI intake is associated with an increased total
risk of fractures [4, 12, 13], although a small recent study
shows that long-term PPI use does not appear to promote
changes in bone mineral density and strength that could
predispose to fractures [14]. Also, a recent retrospective
cohort study does not evidence an association between PPI
use and fracture risk among older adults [15]. PPI intake is
also associated with an increased total risk of nosocomial
[16] and community-acquired pneumonia [17], and intes-
tinal infections [18, 19] by Clostridium difficile, Shigella,
Campylobacter and Salmonella [20]. These intestinal
infections could be explained by the fact that PPIs modify
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the gut microbiota as shown in several studies [21, 22].
A recent study on over-the-counter (OTC) PPI use shows
no association with pulmonary and intestinal infections.
However, in this study, the PPIs were taken at a lower dose
and for a shorter period of time compared to other studies
[23]. In addition, PPIs are among the drugs commonly
associated with the occurrence of tubulointerstitial nephri-
tis [24], which may lead to acute renal failure [25]. Long-
term treatment with PPIs may also induce deficiencies in
vitamin B12, iron, and magnesium [26, 27]. Moreover, a
population based study demonstrated that long-term PPIs
use, even after H. pylori eradication therapy, is associated
with an increased risk of gastric cancer [28], though this
study was not in line with a previous meta-analysis [29].

PPI prescription can also lead to drug interactions. The
absorption of other drugs may be influenced by the increased
gastric pH associated with the intake of PPIs [4], resulting
in either an increase but also a decrease in the absorption
of these concomitant drugs. In addition, several PPIs have
inhibitory effects on different cytochromes, in particular on
CYP2C19 and 3A4 and on the P-gp transport system [30].
From a pharmacodynamic point of view, some authors have
raised concerns about the prescription of PPIs with aspirin,
claiming a reduced cardioprotective effect of aspirin. This
could be due to a reduced absorption of aspirin but also to
areduced platelet response through increased serum throm-
boxane B2, and therefore also endogenous thromboxane A2
[31].

A database study from 2016 demonstrates that the PPI use
in UK general practices increased between 1990 and 2014
and that 60% of long-term users did not attempt to discon-
tinue or step down the dose [32]. These data suggest that the
re-evaluation of the adequacy of the PPI treatment was not
done although patients should benefit from a reconsidera-
tion of the usefulness of their treatment on a regular basis.
This study highlights the need of a “Smarter Medicine” and
the validity of the campaign mentioned above. The authors
advance that by improving withdrawal strategies, a reduction
of the costs and the occurrence of adverse effects should be
possible [32].

Esomeprazole is the most widely used PPI at the Geneva
University Hospitals. The hospital benefits from attractive
prices, but this hospital prescription influences the commu-
nity prescription, participating in an estimated extra cost of
30.3 million euros between 2000 and 2008 [33]. In Switzer-
land, esomeprazole is not an OTC so PPIs intake comes from
medical prescription.
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Aim of the study

The aim of our prospective study was to understand the
PPI prescription in the department of internal medicine
of our hospital and in particular to determine if the PPI
prescription is made according to the market authorization
and the available guidelines.

Ethics approval

All procedures performed in our study were in accordance
with the ethical standards of the regional research ethics
committee of the canton of Geneva (No. 2016-00580) and
with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards.

Methods
Study design and setting

This study was a register-based cross-sectional study. The
data was collected by consulting the electronic records of
patients hospitalized in two divisions of the department
of internal medicine of the Geneva University Hospitals
(division of general internal medicine and division of gen-
eral medical rehabilitation) for a total of 11 wards. On
a given day, the electronic records of all patients of one
of the wards were consulted and data collected by using
the computerized patient record system of the Geneva
University Hospitals (DPI®). The whole data collec-
tion (all patients of all the wards) was done in the same
week, meaning that all the electronic records of a single
ward were looked at on the same day but the whole data
collection was done over a week. All patients’ data was
anonymised.

Inclusion criteria

Patients over 18 years old and hospitalized in either the
division of general internal medicine or the division of
general medical rehabilitation on the day of the study.

Primary and secondary outcomes

The primary outcomes was the proportion of patients
receiving a PPI at hospital and at home.

The secondary outcome was the adequacy of the indica-
tion for a PPI in patients receiving this treatment. Evalua-
tion of the adequacy was done following Table 1.

This table was built taking into account the National
Institute of Health and Care Excellence (NICE) guide-
line “Gastro-oesophageal reflux disease and dyspepsia in
adults: investigation and management” [34] for the justi-
fied indications and the Swiss Summary of Product Char-
acteristics of the PPIs for the possible justified indications
that were not already mentioned in the NICE guideline.
We chose the NICE guideline because of the absence of a
European or a Swiss guideline. These guidelines have been
used to develop internal recommendations in our hospital
and so we expected that the Geneva University Hospitals
prescribers would follow them.

Statistical analysis
Data management

The data was collected anonymously and consisted of col-
lecting “patient” data (gender and age) and “PPI” data
(indication, international nonproprietary name (INN), dos-
age and route of administration, if the treatment was initi-
ated on admission and the evaluation of the adequacy of the
treatment).

Statistical strength and data analysis

This was a cross-sectional study aimed at characterizing
the PPI prescription for hospitalized patients on a specific
day. There was no hypothesis about the expected value of
subjects. The analysis consisted of descriptive statistics
separated into several parts, such as “PPI prescription at the
hospital” and “PPI treatment at home™.

Results

The total of patients screened and included in this study was
180 and the flowchart is shown in Fig. 1.

The average patient age was 65.7 years old and the dis-
tribution of men and women was respectively 53% (N =95)
and 47% (N=285).

For patients for whom home treatment was known
(N=171), 54% (N=93) did not have a PPI at home and
46% (N =178) of patients were already treated at home.
Home treatment was undocumented for 9 patients. Among
this overall population, 54% (N =97) were treated with a
PPI at the hospital. The average age of these patients was
64.4 years. The percentages of men and women was respec-
tively 48% (N=47) and 52% (N =50). No gender or age dif-
ferences were seen between patient treated by a PPI or not.

Of these 97 patients treated with PPI at the hospital,
29% (N =28) of patients had their PPI treatment initi-
ated at hospital. The most common PPI prescribed was
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Table 1 Classification of indications

Possibly justified treatment with esomeprazole (Swissmedicinfo.ch)

40 mg/d

Prophylaxis of ulcer recessions associated with Helicobacter pylori (20 mg twice daily for 7 days)
20 mg/d

Long-term prophylaxis of reflux oesophagitis recurrence

Treatment of symptomatic reflux after disappearance of symptoms, if no NSAID or emergence of new disorders

Justified treatment with esomeprazole (NICE)

>40 mg/d

Hypersecretion, including Zollinger-Ellison syndrome and idiopathic hypersecretion (40 mg twice daily at the beginning and possible increase
at 80 (—120) mg twice daily)

i.v: Treatment and prevention of new haemorrhages of a documented gastric or duodenal bleeding ulcer (80 mg in bolus by fast infusion during
30 min then 8 mg/h during 72 h)

40 mg/d

Treatment of severe esophagitis (8 weeks)

Maintenance treatment for patients with severe esophagitis (if maintenance treatment fails, change with another PPI at full-dose or high-dose)

H. pylori eradication therapy (2 x 20 mg for 7 days)

Prevention of new haemorrhages of a gastric or duodenal ulcer after treatment with esomeprazole intravenous (4 weeks)
20 mg/d

If taking a needed NSAID while diagnosed peptic ulcer (8 weeks)

Patient with NSAID with peptic ulcer diagnosed (8 weeks)

Not investigated dyspepsia (4 weeks)

Treatment of gastroesophageal reflux (4-8 weeks)

Patient with dilation of the oesophagus following stenosis (long term)

Peptic ulcer treatment for patients who are H. pylori negative and who are not on NSAIDs (4-8 weeks)

Treatment of functional dyspepsia if H. pylori excluded and symptoms persist (4 weeks)

N =2). The predominant dosage of esomeprazole was

HOME HOSPITAL .

40 mg/d in 50% of cases (N=47). Other dosages were
Ntot =180 20 mg/d in 35% (N=33), 80 mg/d in 12% (N=11),
T N 8 mg/h in 2% (N =2) and finally 120 mg/d in 1% (N=1)

N=93 No PPI <: of patients.
SR Y N =65 For these same 97 Patl'ents, regard'less. of the dosage,
72% (N=170) of the indications were unjustified, 4% (N=4)
were possibly justified and 24% (N =23) were justified in
Renewed N =68 the patient’s files. Of these justified and possibly justified
N=78 PPI <: indications, 25% (N =1) and 44% (N = 10) respectively had
Not renewed N=10 an adequate dose. Therefore, in all patients with a PPI at
hospital, only 11% had a justified and possibly justified indi-
cation with an adequate dose. The most frequently reported
Undocurmanted Introduced N=1 unjustified indication was prophylaxis of bleeding when the
N=i <: patients received also an NSAID, an anticoagulant or an

Not introduced N=8

antiplatelet drug with a frequency of 24% (N=17).
Regarding patients that did not have a PPI at home
(N =93), the same 28 (30%) had one initiated on admis-
sion. Of these 28 patients, 79% (N =22) of treatments imple-
mented at the hospital had no valid indication, whereas only

Fig. 1 Diagram of the distribution of patients included

esomeprazole (97%, N =94), followed by lansoprazole
(2%, N =2) and pantoprazole (1%, N=1). The predom-
inant route of administration was oral at 94% (N=91),
followed by intravenous (4%, N =4), and perfusion (2%,
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21% (N=6) had a justified or possibly justified indication.
Of the 65 patients that did not have a treatment initiated at
the hospital, 3% (N =2) would have had an indication to
receive one. The population which didn’t need a PPI and
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didn’t have a PPI represents 35% (N =63) of the total of
patients screened.

Regarding patients that did have a PPI at home already
(N =78), esomeprazole was the most prescribed (70%,
N =54), followed by omeprazole, pantoprazole and lan-
soprazole with a rate of 20% (N=16), 9% (N=7) and
1% (N =1) respectively. Oral route was the only one used
(100%). Regarding the dosage, 40 mg/d was prescribed in
60% (N =32) of esomeprazole prescription cases, 20 mg/d
in 35% (N=19) and 80 mg/d in 5% (N =3). Of these, 13%
(N'=10) saw their prescription stopped on admission to hos-
pital. In most cases, documentation available in the admis-
sion letter did not allow classifying the home prescriptions
as justified, possibly justified or unjustified.

Finally, 87% (N =68) of known home prescriptions were
kept on admission and among them only 29% (N =20) were
valid because the indication was justified or possibly jus-
tified according to the guidelines. It also means that 70%
(N'=068) of hospital PPI prescriptions (N =97) come directly
from home but only 21% (N =20) are for valid indications.

Discussion

The prevalence of PPI prescription in our hospital is high
with more than half the patients on PPI treatment. This is in
line with other studies, conducted in the US and in Europe,
where the prescription rate can reach up to 80% [7, 35]. A
study conducted in a Qatari hospital highlighted that the
prescription of acid suppressive therapy concerned 53% of
patients and the proportion of PPI and histamine 2 antago-
nists was 89% and 11% respectively [36]. Moreover, 29% of
the prescriptions in our study were new prescriptions initi-
ated on admission to the hospital. This is slightly lower than
percentage reported in Villamanan et al. study, where 49% of
patients had a treatment initiated on admission [35].

The most common used PPI at our hospital is esomepra-
zole with 97% of patients receiving this drug. This is due
to the implementation in our hospital of a restrictive drug
formulary aimed at minimizing acquisition costs and lim-
iting the number of medications available in our hospital.
Esomeprazole is listed in our formulary and is therefore the
reference drug in its therapeutic class. However, the dosage
of 40 mg/d, prescribed in 50% of our patients, has no reason-
able explanation other than aiming at an optimal efficacy of
a medication with a favourable short-term risk—benefit ratio,
from prescribers that prefer to avoid gastric complications
whilst ignoring the long-term adverse effects.

Regarding adequacy of the prescription, 89% were unjus-
tified in the patient file when taking into account the indi-
cation and the daily dose, with 72% having an inadequate
indication and a further 17% having a justified or a possibly
justified indication but with an inadequate daily dose.

A study conducted in a French hospital showed that the
prescriptions that were not justified as mentioned in the
market authorisation of the PPIs were as high as 74% [5].
The study conducted in a Qatari hospital also highlighted
that only 34% of patients had a justified prescription, PPI
and anti-histamine 2 antagonists together [36]. The high
rate found in our study can be partly explained by the fact
that the Summary of Products Characteristics for PPIs in
Switzerland is unprecise and less restrictive than the indica-
tions considered justified in our study but shows nevertheless
that correct indication and correct dosage are a crucial prob-
lem in the prescribing of PPIs. Moreover, when it comes to
patients that have a treatment initiated in our hospital, again
89% receive a PPI for an unjustified indication. A study con-
ducted in Spain reports a rate of only 36% [36], but again
this can be explained by the fact that they were less restric-
tive on the indications than we were in our study.

Interestingly, nearly half the patients already had a PPI
in their treatment on admission to the hospital with 70% of
them treated with esomeprazole and nearly 60% taking a
40 mg/d dosage. This confirms the apparent impact of the
hospital on the community due to the continuity of care.
This influence was demonstrated by a study conducted at the
Geneva University Hospitals which showed the extra cost of
this continuity of care, because the generics of esomepra-
zole didn’t exist at the time of the study, between 2000 and
2008 [37]. It also demonstrates that general practitioners are
prone to over-prescribing this therapeutic class. Among our
patients, nearly 90% saw their prescription of PPI contin-
ued on admission ignoring the fact that the indication was
justified in only 29% of patients. The study conducted in
the Qatari hospital found that the usage of acid suppressive
medication could even worsen with a 12% of prescription
rate before admission to a 53% during hospitalisation [36].
This is in contradiction with the opportunity that a hospital
has to review properly the treatment of the patients. Our
study did not aim to quantify the prescription at discharge
but the Qatari study showed that this is also a problem. In
their study, 54% of PPIs with a non-justified prescription
were still prescribed upon discharge and this rate was still
of 50% six months after discharge [36]. Prescriptions seem
not to be reassessed at admission and at discharge and this
is a vicious circle which influences prescription in the com-
munity and leads to long-term treatments.

A possible explanation of the overuse of PPIs could be
the occurrence of rebound acid hypersecretion (RAHS) [4].
RAHS is defined as an increase in gastric acid secretion
above pre-treatment levels after anti-secretory therapy. It
leads to acid related symptoms such as heartburn, acid regur-
gitation, and dyspepsia. The acid rebound hypersecretion
seems to be caused by an increased acid secretion by pro-
ton-pump stimulation due to a compensatory gastrin release
and an hypertrophy of enterochromaffine-like cells through
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an increased level of chromogranin A [37-40]. A study
from 1996 reports that the gastric acid secretory capacity
was increased by 22% 14 days after discontinuation of a
3-month course of omeprazole 40 mg/d [38]. Some studies
demonstrate that the discontinuation of PPI is a success in
only 19 to 27% of long-term PPI users, after 12 months [41,
42]. Also, discontinuation is most successful when patients
have no gastro-oesophageal reflux disease [42]. The success
of PPI discontinuation in patients with inappropriate indica-
tions is a major health concern in the light of the number of
patients receiving an inappropriate and long-term prescrip-
tion and the associated excessive health care costs [43, 44].
The discontinuation of PPI is not easy. Bjornsson and al.
[41] suggested to use a gradual discontinuation of PPI in
order to prevent the consequence of the acid rebound effect.
However, they failed to show a different rate of discontinu-
ation between patient in the group with abrupt discontinu-
ation and in the group with gradual discontinuation. The
authors conclude that a gradual weaning of the PPI might
be useful only in the rare patients with hypergastrinemia.
At the present time, the level of evidence is not sufficient to
recommend a method of PPI withdrawal.

Another approach against PPI overuse was evaluated in
a prospective study. The approach was a multi-approach
strategy through an audit and feedback method, the imple-
mentation of a usage guideline for medical inpatients, the
diffusion of a logarithmic chart on the proper usage of acid
suppressive medications for medical inpatients from admis-
sion through to discharge and the participation of clini-
cal pharmacist in the multidisciplinary rounds [45]. This
approach allowed decreasing the inappropriate use of acid
suppressive therapy. There was a 51% (p <0.0001), a 62%
(p<0.0001) and a 67% (p =0.0008) decrease of inappropri-
ate use during admission, at discharge and at the two months
follow-up visit, respectively [45].

Our study has some limitations. First, due to the study’s
methodology, our analysis was limited by the quality of the
documentation of the patients’ records in the computerized
patient record system of our hospital. Secondly, often, at
times, assumptions had to be made about the indication
because this was not explicitly documented. It was by study-
ing concomitant medication, gastroenterological examina-
tions and medical history that indications, valid or other-
wise, were presumed. Finally, we did not collect any data
on PPI prescription at discharge that would have given us
an idea of the community prescription.

Conclusion
Our study, conducted in a tertiary care hospital in Switzer-

land, highlights the problems surrounding the prescription
of PPIs. These problems are multifactorial and the solutions

@ Springer

should therefore be addressed from different angles. Improv-
ing prescribers’ awareness of the over-use of PPIs and the
long-term adverse effects as well as setting up guidelines in
our hospital would be a first step in minimizing the overuse
of this therapeutic class. Guidelines built on evidence-based
indications and adequate daily doses would help the pre-
scribers, in the hospital and in the community, to adequately
prescribe and reduce misuse of PPIs. Integration of a pre-
scription assistance programme in our computerized patient
record system could help to identify the correct indication
and the correct dose and limit the length of prescription.

Also, when admitted to the hospital, patients should ben-
efit from a thorough evaluation of their treatment accord-
ing to their clinical utility and at discharge, reconsideration
of the usefulness of the hospital treatment should also be
considered.

Finally, education and patient awareness could also sig-
nificantly reduce the use of PPIs, especially in the long term.

This study was a pragmatic real-life study. The medical
structure in which it was conducted and the patient’s charac-
teristics should allow our results to be extrapolated to other
general inpatient medical wards in Swiss teaching hospital.
The Geneva University Hospital being one of the five univer-
sity hospitals in Switzerland and the largest one, data from
this study could be of value for other countries also.

All procedures performed in our study were in accord-
ance with the ethical standards of the regional research eth-
ics committee of the canton of Geneva (No 2016-00580) and
with the 1964 Helsinki declaration and its later amendments
or comparable ethical standards.
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