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Abstract 

Background: Inappropriately using proton pump inhibitors (PPI) is associated with severe adverse drug reactions 
and may have major consequences on healthcare costs. Deprescribing (the process by which a healthcare profes‑
sional supervises the withdrawal of an inappropriate medication, to manage polypharmacy and improve outcomes) 
should be considered when an inappropriate PPI prescription is identified. Deprescribing interventions directed solely 
to prescribers have limited efficacy and are rarely targeted to patients. The aim of this trial is to assess the efficacy of a 
multi‑faceted intervention with patients and general practitioners (GPs) to deprescribe PPI.

Methods: We will conduct a pragmatic, cluster‑randomized, population‑based, controlled trial in two regions of 
Western France. GPs with practices with over 100 patients, and their adult patient to whom over 300 defined daily 
doses (DDD) of PPIs have been dispensed in the year before baseline will be included. A total of 1300 GPs and 33,000 
patients will be cluster‑randomized by GPs practices. Three arms will be compared: i) a multi‑faceted intervention 
associating a) a patient education brochure about PPI deprescribing sent directly to patients (the brochure was 
designed using a mixed‑methods study), and b) a personalized letter with the Bruyere’s PPI deprescribing algorithm 
sent to their respective GPs, or ii) a single intervention where only the GPs received the letter and algorithm, or iii) no 
intervention.

The primary outcome will be PPI deprescribing, defined as the proportion of patients achieving at least a 50% 
decrease in the amount of PPI dispensed to them (DDD/year) at 12 months compared to baseline. Secondary out‑
comes will include incremental cost‑utility ratio (using EQ‑5D‑5L scale and National Health Insurance’s database), acid 
rebound (using the Gastroesophageal Reflux Disease Impact Scale), and the patients’ attitudes towards deprescribing 
(using the French rPATD).

Discussion: Based on previous trials, we anticipate more than 10% “successful PPI deprescribing” in the multi‑faceted 
intervention compared to the single intervention on GPs and the control arm. The study has been funded through a 
national grant and will be launched in autumn 2020, for early results by the end of 2022.

Trial registration: Clinicaltrials.gov  NCT04 255823; first registered on February 5, 2020.
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Background
Proton pump inhibitors (PPI) are frequently pre-
scribed inappropriately for excessive durations or 
inadequate indications in Europe [1, 2], the United-
States [3] and France [4]. This inappropriate PPI use 
is associated with an increased risk of renal adverse 
events (acute interstitial nephritis, chronic renal fail-
ure) [5], Clostridium difficile diarrhea [6], pneumo-
nia [7], fractures [8], dementia [9] or cardiovascular 
events [10]. Also, more recently, two studies discussed 
an associated, increased risk of colorectal cancer [11] 
and even mortality [12] with long-term PPI use com-
pared to histamine-2 receptor antagonists. Addition-
ally, excessive PPI use may have major consequences 
on healthcare costs. PPI reimbursements represented 
a total cost of $12 billion in the United-States, in 2015 
[13] and £87 million in England, in 2018 [14], and is 
expected to rise since PPI prescriptions are continu-
ously increasing [15].

Deprescribing is defined as “the process of with-
drawal of an inappropriate medication, supervised 
by a healthcare professional with the goal of manag-
ing the polypharmacy and improving outcomes” [16]. 
Although some interventions have been developed 
to promote deprescribing of PPIs among physicians, 
pharmacist or nurses, they have limited efficacy [17]. 
However, multi-faceted interventions that include 
patients have demonstrated greater success in Aus-
tralia, the United-States, and Europe [18–20].

Trial objectives
The primary objective of this study is to assess if a 
multi-faceted intervention is superior to single inter-
vention and usual care to increase PPI deprescribing. 
Three arms will be compared: i) a multi-faceted inter-
vention with patients using a patient education bro-
chure and with their general practitioners (GPs) using 
both a personalized letter and a deprescribing algo-
rithm ii) a single intervention on GPs and iii) no inter-
vention (usual care).

Secondary objectives are to assess if the multi-fac-
eted intervention has an economic efficiency com-
pared to control group by performing a cost-utility 
analysis, to determine the gastroesophageal reflux dis-
ease (GERD) symptom recurrence rate, the patients’ 
attitudes toward deprescribing, and the characteristics 
of patients engaging in the deprescribing process.

Study hypothesis
We hypothesize that each of the deprescribing interven-
tions will increase PPI deprescribing rates compared 
to usual care, and that the multi-faceted intervention 
(directed to both GPs and patients) will be superior.

Methods
Study design and setting
The trial is designed as a prospective, open-label, cluster-
randomized parallel-controlled study within a 12-month 
period. The unit of randomization will be the GPs prac-
tice. This pragmatic population-based trial will be con-
ducted in every eligible GP practice in two regions of 
Western France (Loire-Atlantique and Vendée).

Study population
We will include both patients and their regular GPs if 
the GP has a regular patient population of more than 
100 patients per year. Eligible patients must be affiliated 
to the French health national insurance system (Caisse 
Primaire d’Assurance Maladie, CPAM), and have been 
dispensed more than 300 defined daily doses (DDD) of 
PPI in the 12 months before baseline, estimated using the 
local health insurance reimbursement database (SIAM-
ERASME). Those patients at risk of gastroduodenal 
lesions i.e. treated with nonsteroidal anti-inflammatory 
drugs (NSAIDs) and over 65 years old or treated with 
either corticosteroids or anticoagulants or platelet aggre-
gation inhibitors will be excluded.

Recruitment and allocation
Each GP practice and its associated patients will be 
defined as an individual cluster to avoid contamination 
bias between GPs and/or between patients [21]. These 
clusters will be randomized in three arms using a 1:1:1 
ratio. Eligible patients will be identified using the local 
health insurance reimbursement database.

Blinding
Blinding of patients and GPs will not be feasible given 
the pragmatic nature of the intervention. However, the 
research team will be blinded to the intervention desig-
nated to each arm.

Interventions
Two interventional arms and a control arm are planned 
(Fig. 1). The multi-faceted PPI deprescribing intervention 
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will combine sending information to both patients and 
GPs. Patients will receive an education brochure and GPs 
will receive a personalized letter and deprescribing algo-
rithm. The single PPI deprescribing intervention for GPs 
will consist of a personalized letter and deprescribing 
algorithm. The control arm will receive no deprescribing 
educational materials (usual care).

The selected deprescribing algorithm is an evidence-
based clinical practice guideline [22] with the high-
est AGREE II score (unpublished data) [23], which was 
translated into French (supplementary material 1). We 
developed the patient education brochure using a previ-
ously reported mixed-method study [24] (supplementary 
material 2).

Outcome measures
Primary outcome
PPI deprescribing will be defined as the proportion of 
patients achieving a 50% decrease in their PPI reimburse-
ment (Defined Daily Dose (DDD)/year) at the end of the 
intervention (at 12 months compared to baseline).

Secondary outcomes

– Incremental cost-utility ratios: cost by quality-
adjusted life-years (QALY) ratios comparing the 

intervention groups to control group. QALYs will be 
assessed from patient responses to the EuroQoL EQ-
5D-5L questionnaire [25].

– GERD symptom recurrence using the GERD Impact 
Scale questionnaire [26].

– Patient attitude towards deprescribing using the 
French version of the Revised Patient Attitudes 
Toward Deprescribing (rPATD) [27], the Attitude des 
patients envers la déprescription (APaD) [28].

– Patient characteristics that succeed in deprescribing 
PPIs using data collected from health insurance reim-
bursement database.

Data collection procedures
Baseline patient variables (age, sex, PPI reimbursement, 
chronic disease, free complementary health insurance for 
economically vulnerable patients) and GP variables (age, 
sex, activity type and city classification) will be collected 
using the local health insurance reimbursement database 
(SIAM-ERASME) (Fig. 2).

Healthcare resource consumption over a one-year 
period will be collected by combining PPI use and med-
ical expenses related to ambulatory care (histamine-2 
receptor antagonists and antacids reimbursements, 
consultations, technical procedures and laboratory 

Fig. 1 Study design
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tests). These data will be collected using the local health 
insurance reimbursement database (SIAM-ERASME) 
12 months after baseline.

Hospital service use will be collected using the 
French National Health Data System (Système National 
des Données de Santé, SNDS) [29].

Measuring health-related quality of life, GERD recur-
rence and attitudes toward deprescribing, requires 
sending self-administered questionnaires with pre-paid 
return envelopes and to scheduling phone calls to mini-
mize missing answers. Thus, the analysis will only be 
performed on a 10% sample of the population.

Thus, the EQ-5D-5L, GERD Impact Scale and 
rPATD questionnaires will be mailed to a 10% patient 
sample in each arm, 1 month before and 12 months 
after baseline. Patients will return the three self-
reported questionnaires to the National Health Insur-
ance by post. Phone calls will be scheduled between 
8 and 10 days later to remind patients to return the 
three questionnaires.

The Health Insurance data managers will pair the data 
collected from these databases at the patient level, and 
proceed to data anonymization before transmission to 
the statistician (Fig. 3).

Fig. 2 First collection from local health insurance database 1 month before baseline and data flow. 1PPI DDD/year: Proton pump inhibitors defined 
daily dose per year; 2GPs: General practitioners
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Sample size and power
Preliminary analyses showed that around 33,000 patients, 
1300 GPs and 684 practices would meet inclusion crite-
ria in 2017, which corresponds to a mean of 1.9 GPs and 
48.3 patients per practice. Using an intraclass correlation 
coefficient (ICC) of 0.05 thus lead to an inflation factor of 
3.365. Literature data suggested a “natural” PPI deprescrib-
ing rate between 2 and 7% in the control arm [17, 20, 30].

Assuming an inflation factor of 3.365 and using a two- 
sided alpha of 0.05, we will have 90% power to detect a 
minimum true difference of 9.5% of PPI deprescribing 
rates between the multi-faceted intervention arm and the 
control arm. These estimates change slightly if different 
natural deprescribing rates and higher ICCs are assumed 
(Table 1).

Plan of statistical analyses
The analyses of primary and secondary outcomes will 
follow a modified intention-to-treat principle (mITT). 
All initially randomized patients and GPs and will be 
included in the analysis according to the group to which 
they were assigned, minus those who did not fulfil the 
inclusion criteria after randomization (for example 
patients with a PPI deprescribing occurring between ran-
domization and intervention).

Primary analysis
PPI deprescribing rate at 12 months will be compared 
between each arm using a generalized linear mixed 
model. This model accounts for the random effect of 
GP practice.

Secondary analyses

Cost‑utility analysis The cost-utility analysis will aim 
to estimate incremental cost-utility ratios (ICUR) of cost 
per QALY comparing the multi-faceted intervention arm 
and single intervention on GP arm to control arm (usual 
care) as follows:

ICUR = [costs deprescribing arm - costs usual care arm] / [QALYs 
deprescribing arm - QALYs usual care arm].

The costs over a one-year time horizon will be estimated 
from a societal perspective excluding indirect costs 
such as production losses as recommended by French 
National Guidelines on the economic evaluation of 
health care programs [31]. To estimate costs, the health-
care resources consumed including, PPI consumption, 
medical consultations, examinations, laboratory analy-
ses and hospitalization will be valued in monetary terms 

Fig. 3 Second data collection from local health insurance database 12 months after baseline and data flow. 1GPs: General practitioners; 2SNDS: 
French national Health data System (Système National des Données de Santé)
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using conventional tariffs of the French National Health 
Insurance System.

Quality of life obtained will be measured with QALYS. 
QALYs are a numerical composite index combining 
information about quality of life and survival. They are 
constructed by weighting each year by a quality of life 
factor - called a utility score - typically ranging from 0 
(death) to 1 (perfect health) such that a higher score rep-
resents a more preferred health state. They will be esti-
mated from the patient answers to the EQ-5D-5L ques-
tionnaires sent at baseline and at 1 year. The EQ-5D-5L is 
a generic health status questionnaire that has five dimen-
sions (mobility, self-care, usual activities, pain/discom-
fort, and anxiety/depression) each of which has five levels 
denoting increasing problems with the dimension under 
consideration. The patients answers will be converted to 
utility scores using the French published tariffs for the 
EQ-5D-5L [32]. Given the time horizon of 1 year, QALYs 
and costs will not be discounted.

Missing data will be handled using a multiple imputa-
tion method given that considering only complete cases 
would not correspond to an intention-to-treat analy-
sis [33]. The ICUR, incremental costs and QALYs will 
be estimated using a seemingly unrelated regression 
method that accounts for the correlation between costs 
and QALYs. The analysis will also estimate the incre-
mental net monetary benefit criterion (the monetized 
version of the ICUR) to construct acceptability curves 
that will present the probability for an intervention to be 

cost-effective for various social value of the willingness-
to-pay for a QALY. Finally, sensitivity analyses will be 
conducted to assess the robustness of the results.

GERD recurrence GIS questionnaire scores will be com-
pared between each arm using a generalized linear mixed 
model to account for the random effect of GP’s practice.

Patient attitudes toward deprescribing Cross-tabula-
tions between the different rPATD questions and patient 
characteristics, and successful deprescribing at 12 months 
will be performed using Cochran-Armitage tests. Patient 
attitude measured from Likert scale will be compared 
between each arm with a generalized linear mixed model 
to account for the random effect of GP’s practice.

Characteristics of patients succeeding in PPI deprescrib‑
ing Association of patient characteristics (age, sex, 
socio-economic status, chronic disease, GP) and PPI 
deprescribing success will be tested with a generalized 
linear mixed model to account for the random effect of 
GP’s practice.

Missing data
For the primary outcome analysis, data for patients lost 
to follow-up (i.e. death, moving outside the study region, 
or disaffiliation from the French health national insur-
ance system) will be managed by a multiple imputation 
method (Generates Multivariate Imputations by Chained 
Equations) [34]. Patient characteristics used for this 

Table 1 Sample size simulation

“Natural” PPI deprescribing 
rate

PPI deprescribing rate due to 
intervention

Patients per cluster Intracluster Correlation 
Coefficient

Power

2% 17% 45 0.05 >  0.999

2% 17% 50 0.05 >  0.999

2% 17% 45 0.1 >  0.999

2% 17% 50 0.1 >  0.999

2% 10% 45 0.05 >  0.999

2% 10% 50 0.05 >  0.999

2% 10% 45 0.1 >  0.999

2% 10% 50 0.1 >  0.999

7% 17% 45 0.05 >  0.999

7% 17% 50 0.05 >  0.999

7% 17% 45 0.1 >  0.999

7% 17% 50 0.1 >  0.999

7% 10% 45 0.05 > 0.994

7% 10% 50 0.05 > 0.990

7% 10% 45 0.1 > 0.930

7% 10% 50 0.1 > 0.908
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imputation will be the variables associated with the pri-
mary outcome or associated with the presence of miss-
ing data on the primary outcome. A sensitivity analysis 
will be performed by removing these patients from the 
analysis.

Timeframe
Trial baseline will be planned in mid-November 
2020 when deprescribing materials will be mailed 
to patients and GPs. The three patient reported out-
come questionnaires will be mailed 1 month before 
and 12 months after baseline, mid-October 2020 and 
mid-November 2021 respectively. Data will be col-
lected 12 months after baseline in mid-November 
2021. Study schedule is detailed in the SPIRIT dia-
gram (Table 2).

Ethics approval
This protocol has received ethics approval from the 
Collège National des Généralistes Enseignants ethics 
committee (#08062011).

Discussion
Study rationale
This trial will assess the effectiveness of three PPI describ-
ing strategies, with a view to applying them to deprescrib-
ing other medicines. In 2015, Clyne et  al. reported that 
a multi-faceted intervention involving patient education 

materials for deprescribing reduced potentially inappropri-
ate prescriptions in primary care by 25% more than control 
group, with a sustained effectiveness 1 year later [18]. In 
2017, the multi-faceted Australian national quality improve-
ment programs that also included patient education mate-
rial contributed to reducing PPI use in older adults by 21% 
[19]. In 2020, several interventional cycles in the United-
States included patient education pamphlets and discontin-
ued inappropriate chronic PPI use by 30% within 12 months 
[20]. Based on these previous studies in Australia, Ireland 
and United-States, we anticipate that involving patients 
in the deprescribing process using an education brochure 
should improve the PPI deprescribing rate.

Strengths and limitations
Strengths
Using the PRECIS-2 tool, 6 out of the 9 domains of the 
multi-faceted intervention fall into the pragmatic side of the 
pragmatic-explanatory continuum (supplementary mate-
rial 3). The pragmatic approach involves intervention at 
the group level rather than the individual level and as such, 
cluster-randomizations are the most common in pragmatic 
trials [35]. Also, cluster-randomization are considered as the 
most appropriate to conduct deprescribing trials [36].

Our trial involves a large number of patients and GPs. It is, 
to our knowledge, the first population-based deprescribing 
trial in France. We expect to exhaust the eligible population 
ensuring a high statistical power for a minimal difference.

Table 2 Study schedule (SPIRIT diagram of trial stages of enrolment, intervention, outcome assessment and evaluation)
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By using a 3-arm design, we will be able to assess which 
intervention is the most effective. The single interven-
tion on GP versus usual care will detect the effectiveness 
of mailing the PPI deprescribing algorithm to GP. The 
multi-faceted intervention will measure an additional or 
a combined effect of the patient education brochure.

Limitations
Despite these strengths, our trial has several limitations. 
Firstly, regarding the deprescribing rate and the cost-
utility analysis, our data will be collected from the health 
insurance reimbursement database. This database only 
estimates the consumption of medications through their 
reimbursements [37]. PPI consumption can be overesti-
mated because real patient intake depends on adherence. 
Conversely, this database does not compile over-the-coun-
ter PPI but they are less used than reimbursable PPI [38].

Secondly, the secondary outcome on GERD recur-
rence is assessed by the GERD impact scale question-
naire at 12 months after baseline. Thus, we may miss 
GERD recurrence caused by an early acid rebound due 
to PPI withdrawal. However, sending this questionnaire 
during the intervention may influence patients’ percep-
tions, resulting in a participation bias on the primary 
outcome. We chose to keep our trial without further 
interventions during the study period. The GERD impact 
scale will only assess the GERD recurrence following PPI 
deprescribing.

Thirdly, neither patients nor their GP will be blinded 
because of the pragmatic trial design [39]. However, the 
participants will not be informed of the different inter-
ventions occurring during the year of the trial. Data man-
agers and statisticians will be blinded to the allocation 
arm. Primary outcome (PPI deprescribing) is objective 
and not subject to interpretation.

Fourthly, because of logistical constraints, only a 10% 
sample of the population (nearly 3300 patients) will have 
the opportunity to answer questionnaires on secondary 
outcomes. The questionnaires will be sent by mail and 
the number of participants will depend on response-
rate. However, the response-rate should be increased 
due to pre-paid return envelopes and amplified by phone 
reminders, as reported by Neve et al. for patient reported 
outcomes [40].

Conclusion
Our trial is expected to demonstrate the effective-
ness of the multi-faceted intervention involving both a 
patient education brochure and a personalized letter to 
GPs containing a PPI deprescribing algorithm. If so, this 
multi-faceted strategy for PPI deprescribing could be 
implemented more widely at the national level and for 
other potentially inappropriately prescribed medications.

Trial status
First submission on ClinicalTrials.gov was February 5th 
2020 and patient data are currently being collected from 
SNDS until the end of 2022.

Adherence to reporting guidelines
The authors used the Standard Protocol Items: Recom-
mendations for Interventional Trials (SPIRIT) checklist 
when they wrote this protocol [41] (Additional File).
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Practitioner; ICC: Intracluster Correlation Coefficient; ICUR : Incremental 
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Life‑Years; rPATD: Revised Patients’ Attitudes Toward Deprescribing.
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