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ABSTRACT
Background: Chronic non-medically indicated PPIs are highly prescribed worldwide. The long-term side 
effects of PPI must be wisely considered during an extended prescription duration. Our study purpose is 
to assess the impact of providing patients and physicians with educational guides on the rates of 
reducing or eliminating PPIs.
Design and methods: A controlled study targeting adult patients with chronic PPI use was conducted 
in a family medicine center in Beirut. Block randomization was employed. Patients (n = 140) were 
equally divided into an intervention group consisting of a patient-oriented informative and motiva
tional leaflet and a control group having the same follow-up without having the leaflet. All participants 
filled a questionnaire. All participants received a short phone call in 2 and 6 months. An e-mail clarifying 
the objective of this study was sent to all physicians and supplemented with a PPI deprescribing 
algorithm.
Results: At the 6-month follow-up, the rate of participants who talked to treating physicians about their 
PPI therapy was higher in the intervention group (p-value<0.0001), and the rate of participants who 
stepped down or off PPI was higher in the intervention group (p-value<0.0001). In participants who 
stepped down or off PPI, the reported breakthrough symptoms decreased over time (moderate: 24.2%, 
mild: 35.5%, and nil: 40.3% at 2-month follow-up; and moderate: 0%, mild: 55.4% and nil: 44.6% at 
6-month follow-up; p-value<0.0001).
Conclusion: A low-intensity, low-cost, and easily replicable intervention encouraged a significant 
number of long-term users of PPIs to reduce or stop these medications without causing significant 
breakthrough symptoms.
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Introduction

Proton pump inhibitors (PPIs) were clinically introduced more 
than 30 years ago (in 1989) and are nowadays highly pre
scribed worldwide [1–5]. Evidence-based literature support 
the use of PPIs as the first-choice drugs for acid-related symp
toms and conditions [1,2,6–11], stress ulcer prophylaxis (SUP), 
and gastroprotection with chronic use of nonsteroidal anti- 
inflammatory drugs (NSAIDs) [1–3,12–16].

The substantial evidence supporting PPI efficacy and safety 
during the first two decades of its use, along with physicians’ 
non-adherence to the well-defined indications and guidelines, 
increasing availability of over-the-counter PPIs, and patients’ 
self-prescribing may have contributed to significant overutili
zation worldwide [1–4,16,17]. This has become a major con
cern particularly in terms of long term therapy, risk of adverse 
effects, and substantial related cost [1–7,16–20].

In recent studies examining the potential PPI side effects, 
authors advised that PPIs adverse effects should not be used 
as a rationale to withhold PPIs to patients who have a medical 
indication for long-term use [21]. However, physicians should 

assess the medical indication carefully when starting PPI ther
apy and reevaluate the indication in patients who have been 
treated for a long time [21]. Overall, physicians are not con
cerned about the short-term side effects such as dizziness, 
headache, rash, or gastrointestinal symptoms (e.g., abdominal 
pain, nausea, flatulence, constipation, and diarrhea). Yet, the 
suspected long-term side effects of PPI (e.g., dementia, infec
tions, impaired absorption of nutrients, hypergastrinemia, and 
kidney disease) must be wisely considered [22].

PPI prescription has been widely adopted by primary care 
providers [1,20,23,24], whereby for example 80% of PPI pre
scriptions are initiated in primary care in England with general 
practitioners (GPs) being the most common prescribers [5]. 
Moreover, several reports note the inappropriate initiation of 
PPIs in primary care for undocumented or unsubstantiated 
reasons [2–5,18,25,26]. The case is not much different in 
Lebanon, where a study highlighted the inappropriate dura
tion of PPI use among a sample of ambulatory patients [27]. 
Furthermore, a recent epidemiological study conducted in 
Lebanon have demonstrated that 71.4% of patients are 
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overusing the PPI drugs. The total cost of this medical waste is 
approximately 25 million dollars per year thus bringing huge 
expenses to the healthcare system and leading to potential 
risk of adverse events [28].

Few patient-oriented approaches to promote deprescrib
ing of PPI were described in literature [29–33]. The majority 
were limited to patients with gastroesophageal reflux disease 
(GERD) or dyspepsia [29–33]. Few studies were designed as 
Randomized Control Trials (RCTs) [29–33]. Most of them did 
not combine informative material directed at both partici
pants/consumers and health care professionals i.e., for physi
cians an easy support tool or flowchart to aid them in 
making a quick decision, and for participants sufficient infor
mation to aid them in making an informed decision regard
ing revisiting their treating physician and/or making any 
change to their PPI use [29–33]. Based on the knowledge- 
attitude-behavior (KAP) theory, health knowledge and infor
mation are the groundwork for modifying patients’ behavior 
through correcting their beliefs and attitudes toward 
a disease [34]. Review articles revealed that patient informa
tive leaflets (PIL) can be useful in improving patients’ knowl
edge and satisfaction [35,36]. For example, PILs were 
reported to improve patient’s adherence to treatment for 
acute conditions [35]. They were also reported to be promis
ing in improving patients’ adherence to screening [35] and in 
reducing antibiotic use and re-consultation rates in general 
practice [36].

The objectives of this study are to determine if a patient- 
oriented informative and motivational leaflet supplemented 
with a physician-oriented PPI deprescribing algorithm would 
significantly change patients’ attitudes toward chronic PPI 
therapy, prompt them to reconsider its medical necessity 
with the treating physicians, and ultimately reduce the num
ber of patients on chronic PPI therapy with minimal break
through symptoms.

Materials and methods

Study population

This is a randomized controlled study targeting all patients 
benefiting from the health insurance plan (HIP) of the 
American University of Beirut (AUB) with chronic PPI prescrip
tion (more than 8 weeks) and visiting the family medicine 
clinics at AUB during the recruitment period between August 
and December 2018. These clinics provide primary care ser
vices to the AUB community. The HIP covers 80% of the cost 
of any medication, whereby enrolled patients have to pay only 
20% of the cost at the contracted pharmacies. Pregnant 
women, illiterate and visually impaired patients presenting 
alone, and those younger than 18 years were not eligible to 
participate in the study.

The approval of the institutional review board (IRB) at AUB 
was secured before two independent volunteer students 
made contact with the target population (AUB IRB number: 
SBS-2018-0308). All primary care physicians working in the 
family medicine clinics were informed by e-mail about the 
research objectives and procedures before starting data col
lection. The ‘PPI Deprescribing Algorithm’ developed by Farell 

et al. as part of a Canadian national project was attached to 
the e-mail [37] to assist with, and not dictate decision making 
in conjunction with patients. This algorithm is meant to assist 
physicians in evaluating patients for current PPI indication, 
and advise ways to reduce the dose of PPIs and stop them 
eventually if an ongoing indication is not identified.

Sample size

The sample size was calculated based on the results of 
a randomized controlled trial (RCT) conducted in 2009 by 
Krol et al [32]., in which the rate of patients who stopped or 
reduced their use of PPIs at the 12-week follow-up was around 
24% in the intervention group and 7% in the control group. In 
our study, for a statistically significant superiority effect of 
17%, with a two-sided significance of 0.05 and a power of 
80%, at least 66 patients in each group (intervention group 
and control group) was needed (i.e., a total of 132 patients) 
[38,39].

Randomization (randomized complete-block design)

The AUB Family Medicine Clinics are located on two floors 
with one waiting area on each floor. The services available on 
both floors are similar. A randomized complete-block design 
was applied. The randomization of the intervention and con
trol groups was implemented over 16 weeks, through alter
nating floors on weekdays to prevent propagation of 
information. Therefore, the intervention was done on the 
first floor on day 1, then on the second floor on day 2 and 
so on.

Intervention

In the first stage, nurses selected the patients who fit the 
criteria during the check-in procedure of those coming for 
regular appointments during the recruitment period between 
mid-August and mid-December 2018. The nurses’ role was to 
identify eligible participants, confirm their chronic PPI use 
(more than 8 weeks), and obtain their permission to be 
approached by the independent student volunteers. The 
nurses documented the age and gender of all patients who 
refused to participate. The volunteer students invited patients 
to participate after a full explanation of the study objectives 
and procedures. Those who accepted to participate, from both 
the intervention and control groups, were asked to sign an 
informed consent (in English or Arabic) and to fill 
a questionnaire anonymously (in English or Arabic). The inter
vention group then received an informative and motivational 
leaflet in English or Arabic, which focuses on the importance 
of reducing inappropriate use of PPIs and preventive lifestyle 
measures, while highlighting the following to the patient ‘You 
should not step down or off PPI on your own, so schedule an 
appointment with your treating physician to discuss this 
issue.’ Then, they were asked to answer anonymously two 
additional questions on an extra page: ‘how useful did you 
find this informative leaflet?’ and ‘are you planning to visit 
your doctor soon to discuss your treatment with PPI?’ The 
participants returned the questionnaire to one of the two 
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collection boxes assigned for this study. Both control and 
intervention groups received a brief call from different inde
pendent volunteer students (blinded to patients’ group alloca
tion) at 2 and 6 months following their first contact in order to 
get feedback on whether they already visited their physician, 
and whether they stepped down or stepped off PPIs, and if 
their upper gastrointestinal symptoms recurred in that case. 
The decision to schedule an encounter with the treating phy
sician was up to the participant alone, and physicians were 
unaware of the intervention allocation of patients.

The questionnaire included patients’ socio-demographic 
information; height and weight; reason for using PPIs; their 
gastro-esophageal symptoms; the duration of PPI therapy; the 
name, dose, and frequency of the prescribed PPI; their lifestyle 
habits including smoking status and alcohol use; their level of 
satisfaction (control of symptoms, breakthrough symptoms); pre
scriber’s specialty; patients’ knowledge about PPIs’ long term 
side effects; and finally patients’ attitudes toward discontinuing 
or tapering down the prescribed PPI before the intervention.

The informative and motivational leaflet included the sus
pected side effects of chronic PPI use, the recommended life
style to prevent symptoms, in addition to an encouragement 
statement for patients to have a follow-up visit with their 
treating physicians to review PPI indication(s) and prescription 
before making any change to their PPI use.

Data analysis

Data entry and analysis were conducted via SPSS version 
22.0 for Windows (SPSS Inc., Chicago, IL). Descriptive ana
lyses were performed. The outcomes were the rate of parti
cipants having stopped or reduced PPI use, the rate of 

participants having talked to their treating physicians, and 
the presence and severity of breakthrough symptoms, 
which were assessed at 2 and 6 months after the interven
tion (Chi-square test or Fisher’s exact test). Binary logistic 
backward regressions were computed to explore the rela
tionship between patients’ final status of PPI use (i.e., those 
who stepped down or off PPIs and those who did not) and 
other variables in each group (intervention or control). 
Finally, subgroup analyses were conducted after stratifying 
data per reason of PPI initiation to evaluate the rate of 
participants having stepped down or off PPI in each stra
tum. In all analyses, a p-value of less than 0.05 was con
sidered statistically significant.

Results

This study included 140 patients (70 in the intervention and 70 
in the control group). The study population had a mean age of 
60.6 years (se = 1.3) with a range of (21–97) years, and 55% of 
them were female. Approximately 58.6% were current smokers 
(cigarettes and/or hookah), and 20.0% were alcohol consu
mers (1.4% consumed alcohol more than one time weekly). 
A total of 27.9% had normal body mass index (BMI) (18.5– 
24.9), with the rest being overweight (40.7%) or obese (31.4%) 
(Table 1). Baseline characteristics of the intervention and con
trol groups are depicted in Table 1.

The reasons for PPI use by participants are illustrated in 
Table 2. Around 84.3% reported using PPI daily, and 13.7% 
reported using it more than once daily. The time of PPI use in 
relation to the onset of symptoms was different among parti
cipants (59.3% used PPIs before the onset of symptoms, 20.0% 
used it after the onset of symptoms, and 20.7% used it 

Table 1. Baseline characteristics of the study population (n = 140).

Total Intervention Control p-value

Gender
Male 63 (45.0%) 33 (47.1%) 30 (42.9%) 0.610*
Female 77 (55.0%) 37 (52.9%) 40 (57.1%)
Age Mean: 60.1 (s.e.:1.3) Mean: 58.3 (s.e.: 2.0) Mean: 62.9 (s.e.:1.7) 0.088^
21–30 4 (2.9%) 3 (4.3%) 1 (1.4%) 0.766**
31–40 14 (10%) 8 (11.4%) 6 (8.6%)
41–50 19 (13.6%) 11 (15.7%) 8 (11.4%)
51–60 25 (17.9%) 14 (20%) 11 (15.7%)
61–70 42 (30%) 18 (25.7%) 24 (34.3%)
71–80 21 (15%) 9 (12.9%) 12 (17.1%)
>81 15 (10.7%) 7 (10%) 8 (11.4%)
BMI Mean: 28.0 (s.e.: 0.4) Mean: 28.6 (s.e.: 0.6) Mean: 27.5 (s.e.: 0.6) 0.223^
Normal (18.5–24.9) 39 (27.9%) 19 (27.1%) 20 (28.6%) 0.069*
Overweight (25.0–29.9) 57 (40.7%) 23 (32.9%) 34 (48.6%)
Class 1 Obesity (30.0–34.9) 30 (21.4%) 21 (30.0%) 9 (12.9%)
Class 2 Obesity (≥ 35.0) 14 (10.0%) 7 (10.0%) 7 (10.0%)
Smoking status
No 58 (41.4%) 28 (40.0%) 30 (42.9%) 0.731*
Yes 82 (58.5%) 42 (60.0%) 40 (57.2%)
Yes, cigarettes 52 (37.1%) 28 (40.0%) 24 (34.3%)
Yes, hookah 30 (21.4%) 14 (20.0%) 16 (22.9%)
Alcohol Intake
No 112 (80.0%) 55 (78.6%) 57 (81.4%) 0.673*
Yes 28 (20.0%) 15 (21.4%) 13 (18.6%)
No 112 (80.0%) 55 (78.6%) 57 (81.4%) 0.946**
Yes, less than once a week 19 (13.6%) 10 (14.3%) 9 (12.9%)
Yes, once a week/weekly 7 (5.0%) 4 (5.7%) 3 (4.3%)
Yes, 2 to 3 days per week 2 (1.4%) 1 (1.4%) 1 (1.4%)
Duration of PPI use (weeks) Mean: 62.5 (s.e.: 4.9) Mean: 56.9 (s.e.: 6.7) Mean: 68.1 (s.e.: 7.1) 0.252^

s.e.: standard error of mean; *Chi-square test; **Fisher’s exact test, ^Independent t-test. 
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inconsistently either before or after the onset of symptoms). 
The majority (60.7%) reported that they were not informed 
about preventive lifestyle measures. This gap in knowledge 
was clear in the participants’ answers about ‘What are the 
lifestyle modifications that can help you with your heart
burn/acid reflux/stomach symptoms?’ (Table 3).

Around 61% of participants reported that their treating 
physician reviewed their PPI prescription within the past 
6 months, and 75.5% reported that their treating physician 

never tried to step down or step off their PPI medication. One- 
third of participants reported that they tried to stop PPI in the 
past (12.1% abruptly and 22.1% gradually).

The majority of the intervention group participants 
reported that the leaflet was useful (70.0% very useful and 
14.3% somewhat useful) by answering the two questions 
mentioned in the methods section. Around 61.4% reported 
that they will schedule a visit with their treating physician to 
review PPI prescription (17.5% to stop it and 44.3% to reduce 
the dose).

At 2-month and 6-month follow-ups (phone calls), the 
rate of participants who already talked to their treating 
physician about their PPI therapy was significantly higher 
in the intervention (58.6% and 87.1%, respectively) versus 
control group (18.6% and 28.6%, respectively) (p-value chi- 
square: <0.0001 at 2 and 6 months). The rate of participants 
who stepped down or stepped off PPI at 2- and 6-month 
follow-ups was statistically significantly higher in the inter
vention (68.6% and 75.8%, respectively) versus control 
group (21.4% and 30.4%, respectively) (p-value chi-square: 
<0.0001) (Table 4). Moreover, at a 6-month follow-up, step
ping down or off PPI was higher in participants who talked 
to their treating physicians (82.4% versus 17.6%; p-value chi- 
square: <0.0001). The majority reported that doctors made 
the change to their PPI long-term prescription (86.8% in the 
intervention group and 81.0% in the control group), while 
others made the change themselves (13.3% in the interven
tion group and 19.0% in the control group). Binary logistic 
backward regressions (Table 5) revealed that stepping down 
or off PPI after 6 months was higher in the intervention 
than the control group (OR: 6.88; 95% CI: 3.20–14.79) and 
lesser with each year of age (OR: 0.971; 95% CI: 0.947– 
0.997).

Breakthrough symptoms were reported to be moderate, 
mild, and nil in 24.2%, 35.5%, and 40.3% of participants who 
stepped down or off PPI at a 2-month follow-up, respec
tively. These symptoms decreased significantly to 0%, 
55.4%, and 44.6% at a 6-month follow-up (p-value chi- 
square: <0.0001).

Finally, subgroup analyses were conducted after stratifying 
data per reasons for PPI initiation (Table 6). At the 6-month 
follow-up (phone call), the rate of participants with heartburn/ 
GERD/hiatal hernia who stepped down or off PPI was also 
significantly higher in the intervention versus the control 
group (77.5% versus 36.4%; p-value chi-square < 0.0001). 
This remained true for participants who took PPI for stomach 
pain (68.2% versus 23.8%; p-value chi-square: 0.006), or as 
a preventive therapy with other medications (79.4% versus 
29.2%; p-value chi-square < 0.0001). This difference was not 
significant in case of a history of esophagitis (n = 5) or bariatric 
surgery (n = 5) (p-value fisher’s exact: 0.400 and 1.000, 
respectively).

Discussion

This study revealed that a patient informative leaflet inter
vention encouraged a significant number of long-term users 
of PPIs to reduce or stop these medications without causing 
significant breakthrough symptoms. Patients in our study 

Table 2. Reported reasons for PPI therapy (total number of participants = 140).

Absolute number %

Heartburn/GERD/Hiatal Hernia 73 52.1
Heartburn 27 19.3
GERD 17 12.1
Hiatal Hernia 4 2.9
Heartburn & GERD (N.B. 3 with Hx of H. Pylori) 19 13.6
Heartburn & Hiatal Hernia 2 1.4
GERD & Hiatal Hernia 2 1.4
Heartburn & GERD & Hiatal Hernia 2 1.4
Esophagitis 5 3.6
Zollinger Ellison 0 0.0
Stomach Pain 44 31.4
Stomach pain 28 20.0
Stomach pain & Ulcer 11 7.9
Stomach pain & Gastritis 4 2.9
Stomach pain & Ulcer & Gastritis 1 0.7
Gastroprotection from Medications 82 58.5
NSAIDs 23 16.4
Steroids 9 6.4
NSAIDs & Steroids 5 3.6
Polypharmacy 45 32.1
Gastroprotection after Gastric SLEEVE 5 3.6

Table 3. Knowledge about lifestyle modifications and PPI adverse effects (total 
number of participants = 140).

Absolute 
number %

Information about Lifestyle Modifications
Yes 55 39.3
No 85 60.7
Lifestyle Modifications that can help
Maintain a healthy weight 39 27.9
Avoid tightfitting clothing 16 11.4
Avoid smoking 32 22.9
Avoid drinking alcohol 28 20.0
Avoid foods that trigger your heartburn (peppermint, 

caffeine, chocolate, sodas, citrus fruits and juices, 
tomatoes, onions, & high-fat foods)

86 61.4

Avoid lying down after a meal for at least 3 hours 28 20.0
Avoid late meals 58 41.4
Avoid large meals. Instead eat many small meals 

throughout the day
45 32.1

Elevate the head of your bed 30° if you regularly 
experience heartburn at night or while trying to sleep

36 25.7

Adverse Effects of long term use of PPI
Headache 15 10.7
Diarrhea 11 7.9
Constipation 20 14.3
Abdominal Pain 16 11.4
Flatulence/Bloating 29 20.7
Nausea 18 12.9
Rash 7 5.0
Pneumonia 8 5.7
Low levels of Vitamin B12 15 10.7
Low Magnesium Levels 13 9.3
Osteoporosis-related fractures 12 8.6
Clostridium Difficile infection 6 4.3
Deterioration in kidney function 12 8.6
Don’t Know 82 58.6
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benefited most likely from an informative and motivational 
leaflet about their medical condition, the adverse effects of 
long-term PPI use, and non-pharmacological methods to 
manage gastrointestinal symptoms. Family physicians’ 
responses to patients’ concerns were also enhanced by the 
‘PPI Deprescribing Algorithm’ developed by Farell et al. in 
Canada, showing when and how to reduce the dose of or 
stop PPIs [37].

Minimizing inappropriate prescribing of PPIs in ambula
tory settings can limit the potential PPIs adverse events, and 
make substantial cost savings [3,40]. For this purpose, inter
ventions to encourage the implementation of clinical guide
lines in terms of generic substitution and step-down 
therapy are highly recommended. Our trial revealed that 
our intervention was effective in significantly reducing con
sumption of PPIs at 2 and 6-month follow-up, despite the 
doubt that some of its components might have increased 
the proportion of patients stepping off or down in the 
control group (i.e., the subsequent phone calls to partici
pants, and the ‘PPI Deprescribing Algorithm’ emailed to 
their physicians directly before the initiation of the trial). 
Since the cost of PPIs is largely covered by the HIP, the 
reduction in consuming PPIs in our study could be related 

to patients being convinced of this step rather than their 
willingness to decrease expenses.

Two reviews of the literature revealed that different 
interventions had been tested in various studies in order 
to decrease the use of PPIs. [29,30] The first review con
cluded that some interventions resulted in discontinuations 
ranging from 14% to 64% without deteriorating symptom 
control, and that tapering seems to be a more effective 
discontinuation strategy than abrupt cessation [29]. 
The second review, limited to older adults, concluded that 
some strategies are more successful than others in effec
tively deprescribing inappropriate PPIs without knowing 
whether PPI deprescribing translates into better clinical out
comes [30]. Among interventions included in these reviews, 
the most successful trial by Murie et al., in a general medical 
practice in rural Scotland, involved 157 patients on PPIs for 
a minimum of two consecutive months with GERD or non- 
ulcer dyspepsia (NUD). The patients attended a nurse-led 
dyspepsia clinic where they were tested for Helicobacter 
pylori infection and treated if positive before receiving writ
ten and verbal information about dyspepsia. Lifestyle and 
alternative treatment options were given to the patients, 
along with a prescription for an alginate to be used as 
needed for rebound or breakthrough symptoms. However, 
this study did not include a control group. It was also 
criticized for having a possible conflict of interest with one 
of the authors being employed by the manufacturers of an 
alginate used to manage breakthrough symptoms when 
discontinuing PPIs [29,31]. The second successful interven
tion led by Krol et al. in the Netherlands is close to our trial 
[29,32]. In the Dutch RCT study, each general practitioner 
(GPs, n = 20) randomly selected 8 patients on PPI for at 
least 12 weeks, using the medical record system. Most of 

Table 4. Changes in PPI use at the 2-month and 6-month follow-ups after intervention (absolute number (%)) (total number of participants = 140).

Within 2 months Within 6 months

Stepped down or off PPI Intervention Control Total Intervention Control Total

Yes 48 (68.6%) 15 (21.4%) 63 (45.0%) 53 (75.7%) 21 (30.4%) 74 (53.2%)
No 22 (31.4%) 55 (78.6%) 77 (55.0%) 17 (24.3%) 48 (69.6%) 65 (46.8%)

p-value chi-square: <0.0001 p-value chi-square: <0.0001
Yes, I stopped it completely 17 (24.3%) 6 (8.6%) 23 (16.4%) 16 (22.9%) 5 (7.2%) 21 (15.1%)
Yes, I started taking it as needed 20 (28.6%) 5 (7.1%) 25 (17.9%) 20 (28.6%) 7 (10.1%) 27 (19.4%)
Yes, I reduced the dose 11 (15.7%) 4 (5.7%) 15 (10.7%) 17 (24.3%) 9 (13.0%) 26 (18.7%)
No 22 (31.4%) 55 (78.6%) 77 (55.0%) 17 (24.3%) 48 (69.6%) 65 (46.8%)

p-value Fisher’s Exact: <0.0001 p-value chi-square: <0.0001

Table 5. Binary logistic backward regressions of stepping down or off PPI after 
6 months of the intervention with other factors (total number of 
participants = 140).

p of the model < 0.0001 P value Exp(B)

95% C.I. for OR

Lower Upper

Last Step† Group (Intervention/Control) .000 6.881 3.202 14.787
Age (years) .027 0.971 0.947 0.997
Constant .320 0.378

† Variable(s) entered on step 1: Group (Intervention, Control), Duration of PPI 
therapy (months), Gender, Age (years), BMI, Smoking status and Alcohol use. 

Table 6. Changes in PPI use at the 6-month follow-ups after intervention (absolute number (%)) per reason for PPI initiation.

Reason for PPI initiation Stepped down or off PPI Intervention Control p-value

Heartburn, GERD, and/or Hiatal Hernia Yes 31 (77.5%) 12 (36.4%) <0.0001*
No 9 (22.5%) 21 (63.6%)

Stomach pain Yes 15 (68.2%) 5 (23.8%) 0.006*
No 7 (31.8%) 16 (76.2%)

Preventive Therapy with other medication(s) Yes 27 (79.4%) 14 (29.2%) <0.0001*
No 7 (20.6%) 34 (70.8%)

Esophagitis Yes 2 (66.7%) 0 (0%) 0.400**
No 1 (33.3%) 2 (100%)

Bariatric surgery Yes 1 (33.3%) 1 (50.0%) 1.00**
No 2 (66.7%) 1 (50.0%)

*Chi-square test; **Fisher’s exact test. 
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them had dyspepsia complaints for more than one year, and 
the majority had daily use of PPI. The GPs were randomized 
to either giving usual care/no intervention (control group) 
or sending a brief information leaflet to the patients sug
gesting stopping or reducing the use of PPI with the help of 
their GPs (intervention group). The GPs received instruction 
in a brief visit from a researcher and a flowchart summariz
ing the updated dyspepsia Dutch guideline. All patients 
received questionnaires at baseline and follow-up. At the 
3-month follow-up, 24% (14/59) in the intervention group 
had stepped off or down PPIs compared to 7% (3/45) in the 
control group, and this difference was statistically signifi
cant. The difference persisted, but it was not statistically 
significant at the 5-month follow-up (22% vs. 7%). There 
were no significant differences regarding patient character
istics between the intervention group and the control 
group. In our RCT, at the 6-month follow-up (phone call), 
the rate of participants with heartburn/GERD/hiatal hernia 
who stepped down or off PPI was statistically significantly 
higher in the intervention versus the control group (78.9% 
versus 36.4%; p-value chi-square: <0.0001). The difference in 
the results between the Dutch RCT and ours could be 
attributed to the difference in study design and interven
tion. For example, in the Dutch RCT, the intervention group 
(patients with dyspepsia) received a brief informative leaflet 
without information about the suspected side effects of 
long-term PPI use and the preventive lifestyle measures 
that can be of significant help in case of functional dyspep
sia, heartburn or GERD.

Furthermore, Pratt et al. studied the effect of PPI depre
scribing informative leaflets developed by the Australian 
National Prescribing Service. These were sent to GPs, pharma
cists, and veterans in 2004, 2006, 2009, and 2012. 
Improvements in PPI use were observed among older 
Australians following informative material directed at both 
consumers and health care professionals. The combined effect 
at 12-month after their final intervention was an absolute 
reduction in all dose PPI use of 8.47% (95% CI – 13.72 to – 
3.21%) compared with the predicted rate without the inter
vention and an increase of 1.57% (95% CI 0.71–2.44%) of low- 
dose PPIs prescriptions [33]. This could be related to low older 
patients’ perception of GERD symptoms and more tolerance to 
less potent acid suppression compared to younger sub
jects [41].

Key points in the reviews [29,30] showed that there was no 
similarity in the discontinuation regimens in the published trials. 
Although some studies conducted successful intervention, it is 
not possible to compare the effectiveness of different studies 
because of heterogeneities in design, intervention, follow-up, 
and outcome reporting. Moreover, the fact that all discontinua
tion regimens were proven effective despite differences in their 
design indicates that this might be a result of the fact of inter
vening regardless of the nature of the intervention itself. 
Providing information, audit, and feedback or outreach visits 
to PCPs has proved to be an effective way of improving pre
scribing [32]. However, the effect of these strategies is hindered 
when physicians find it difficult to persuade their patients or to 
allocate extra time to do so. By employing the opposite 
approach, we expected that motivating patients could 

encourage their PCPs to consider stepping down or off their 
PPI, especially when the PCPs have a physician-oriented PPI 
deprescribing algorithm ahead of time. Moreover, providing 
patients with information about preventive lifestyle measures 
can be effective in helping them stepping down or off PPIs 
when long-term PPI therapy is not medically indicated (e.g., 
heartburn).

Finally, it seems that abrupt discontinuation is not the 
best strategy based on a Cochrane review published in 
2017. This review found a statistically significant increase 
in the lack of symptom control when suddenly stopping 
PPI. It also found that most people tolerate on-demand 
therapy even when the risk of recurrent symptoms is higher 
than with continuous daily PPI use [42]. At a 6-month fol
low-up, most of the patients in our intervention group 
changed their PPI use to as needed (28.6%) or to 
a smaller daily dose (24.3%), while 22.9% could stop it 
abruptly. The majority decided to do so after consulting 
with their treating physicians, and the doctors’ decisions 
were in parallel to the recommendations by Farell et al. in 
‘PPI deprescribing Algorithm.’[37]

Subgroup analyses revealed that the rate of participants 
who stepped down or off PPI remains significantly higher 
after a 6-month follow-up in the intervention than in the 
control group if the PPI was initiated because of heartburn/ 
GERD/hiatal hernia, stomach pain, or preventive therapy 
with other medication(s). These findings are in parallel to 
the recommendations by Farell et al. in ‘PPI deprescribing 
Algorithm’[37], besides the well-defined indications and 
guidelines for PPI therapy [2,9–11], particularly with the 
absence of significant breakthrough symptoms at 6-month 
follow-up. Based on these findings, one can assume that the 
treating physicians who changed the PPI long-term pre
scription in most cases (82.4%), in partnership with the 
motivated well-informed patients, were adherent to the 
guidelines and the recommendations by Farell et al. in ‘PPI 
deprescribing Algorithm.’[37]

Since our study included a control group, it would be 
safe to conclude that improvements were a direct result of 
the intervention, rather than attributable to intervening 
only. Moreover, our outcomes were comparable to or 
even bypassed previously reported ones. The strength of 
our study is the durability of our intervention. The follow- 
up period over 6 months, via phone calls, provided an 
important measure of the sustainability of prescribing 
changes.

Limitations

This study, a family medicine resident’s research graduation 
project, was conducted in a single center which may not 
represent local or national demographics. In addition, we did 
not look at the long-term effects and clinical outcomes of the 
intervention, i.e., beyond 6 months. Information could have 
leaked to some participants in the control group, and if this is 
true, the effectiveness of the intervention could be stronger. 
Finally, this study, the final research project before graduation 
of the first author, was not registered outside the AUB 
institution.
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Conclusion

A patient-oriented informative and motivational leaflet 
coupled with a physician-centered PPI deprescribing algo
rithm seems to be an effective and low-cost strategy to 
decrease long-term non-medically indicated PPI use. The 
vast majority of patients successfully ‘stepped down’ or 
‘stepped off’ PPIs after participating in this study. Tapering 
may ultimately be a more realistic goal than discontinuation 
for the majority of patients on chronic PPI. This intervention 
can be easily replicated at a larger scale.

Key messages

(1) Chronic non-medically indicated PPIs are highly pre
scribed worldwide.

(2) Deprescribing PPI can limit potential adverse events 
and be cost savings.

(3) Informative leaflets encouraged patients to reconsider 
PPI prescriptions.

(4) Patient and physician motivation enhanced reevalua
tion of PPI prescriptions.

(5) Most participants reduced or stopped PPIs without sig
nificant symptoms.
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