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Abstract
Introduction: Proton pump inhibitors (PPIs) are often prescribed beyond their medically-approved duration
of use. Long-term PPI use has been linked with numerous adverse effects and contributes to
polypharmacy. This study sought to understand the effect of evidence-based education to resident and
faculty physicians on deprescribing inappropriate PPIs. We hypothesized that this educational intervention
would result in fewer inappropriate PPI prescriptions.
Methods: We performed a chart review on all adult patients in a family medicine residency program
practice, identifying those inappropriately taking PPIs. All physicians in the practice participated in an
educational intervention regarding deprescribing inappropriate PPIs and were given frequent reminders to
continue their deprescribing efforts. We reviewed charts at the end of the study to identify patients with
successful deprescribing attempts.
Results: Of the 187 patients prescribed inappropriate PPIs in the study, 100 remained on PPIs at the end
of the study (46.6% success rate). There was a signiZcant decrease in the number of patients
inappropriately prescribed PPIs by each physician over the course of the study, from a mean of 17.0
(beginning) to 9.1 (end).
Conclusion: Physician education with reminders is an effective means of reducing the number of
inappropriate PPIs prescribed in a family medicine residency practice. Future studies could investigate the
effectiveness of educational interventions with other medication classes that are often prescribed
inappropriately.

Introduction
Since their introduction to the market in the 1980s, proton pump inhibitors (PPIs) have often been the Zrst-line
medical therapy for patients in the treatment of their gastroesophageal re\ux disease (GERD). Given the drug
class’ powerful ability to suppress stomach acid production, both the United States Food and Drug
Administration and the American Gastroenterological Association recommend a limited duration of use (4 to 8
weeks) in the treatment of GERD with a PPI.1 Despite this recommendation, many patients remain on PPIs well
beyond their intended duration of use.
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The medical literature has cited numerous associations linking the use of long-term PPIs to adverse effects in
patients. The increased pH environment of the gastrointestinal tract caused by the use of PPIs has been linked
with reduced vitamin and mineral absorption, such as vitamin B12, calcium (leading to osteoporosis and
subsequent bone fractures), iron and magnesium.2-5 The increased pH environment also weakens the innate
immune system, which has been associated with increased risk of Clostridium di,cile colitis, aspiration and
community-acquired pneumonia, small intestinal bacterial overgrowth, and spontaneous bacterial peritonitis in
patients with liver cirrhosis.6-9 Pharmacokinetics and pharmacodynamics are also altered by the increased pH,
leading to reports of diminished activity of clopidogrel and decreased absorption of certain medications, such
as ketoconazole.10,11 Other associations noted in the literature with long-term PPI use, albeit due to unknown
mechanisms, include acute kidney injury, chronic kidney disease and dementia.12-14 Additionally, inappropriate
PPI prescriptions contribute to polypharmacy, particularly in our increasingly aging society.15 Polypharmacy,
deZned as regular use of at least Zve medications, increases the risk of adverse consequences and increases
the patient’s Znancial burden.16 Thus, every effort should be made by family physicians to deprescribe
inappropriate PPIs. Deprescribing is deZned as the act of discontinuing one or more medications that are either
potentially harmful or no longer required, through a medically supervised, patient-centered process.17
The medical literature addressing how to deprescribe inappropriate PPIs is vast. Many approaches have been
found effective, including the use of evidence-based decision aids; patient-centered, shared decision-making;
frequent reminders to physicians and patients; and use of electronic medical records.18-20 Deprescribing PPIs
has also been described in the literature in residency clinic settings, in the form of quality improvement
projects.21,22 Little research, however, has been done on the impact of educating resident physicians on the
topic of deprescribing PPIs.
This study sought to understand the effect of providing evidence-based education to physicians on
deprescribing inappropriate PPIs. We hypothesized that this educational intervention would improve
prescribing practices and result in fewer inappropriate PPI prescriptions.

Methods
The Sparrow Hospital Institutional Review Board exempted this study from review. Using tools available in the
electronic medical record, we performed a chart review on all adult patients in a family medicine residency
odce who were prescribed PPIs. We deZned inappropriately prescribed PPIs as prescriptions lacking a clear
medical diagnosis supporting prolonged use (eg, Barrett’s esophagus, gastrointestinal bleeding prophylaxis
with concurrent high-dose NSAID use, history of upper gastrointestinal bleeding, severe-grade esophagitis,
Zollinger-Ellison syndrome).
The principal investigator gave physicians in the odce lists of their patients who were found to have
inappropriately prescribed PPIs on their medication lists. All physicians who agreed to participate in the study
also attended an educational, 1-hour PowerPoint lecture during a scheduled residency didactics session, led by
the principal investigator, on the topic of deprescribing inappropriate PPIs. The presentation detailed
inappropriate PPI usage and offered strategies for how to deprescribe PPIs (eg, gradual tapering off
medication, concomitant use of H2 receptor antagonists, nonpharmacologic approaches to symptom
management).
Over a 4-month period, physicians in the study were routinely reminded of their deprescription efforts through
messages sent to physicians via the electronic medical record and face-to-face conversations in the clinic by
the prinicpal investigator. The principal investigator monitored participating physicians’ efforts throughout the
study period through use of the electronic medical record, assessing whether patients still had their
inappropriate PPIs on their medication lists or if their dosage/frequency of use had decreased.
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We used one-way repeated measures (ANOVA) to compare the number of patients inappropriately prescribed
PPIs at the beginning, middle, and end of the study. We excluded patients who left the practice, were
transitioned to hospice care, or died during the study.

Results
Two hundred patients met inclusion criteria (PPIs on their medication list without a medical diagnosis to
support prolonged use). Of these 200, we excluded 13 due to leaving the practice, transitioning to hospice care,
or dying (n=187). By the middle of the study, (day 66), 130 patients remained on inappropriate PPIs, and by the
end of the study (day 124), 100 patients remained (46.6% success rate). All 11 senior resident and attending
physicians in the odce participated. There was a signiZcant decrease in the number of patients inappropriately
prescribed PPIs by each participating physician over the course of the study, from a mean of 17.0 at the
beginning of the study, to 11.8 midway through the study, and 9.1 at the end of the study (Figure 1). This
decrease was statistically signiZcant, and the effect size was large (P<.001, partial η2=0.928).

Discussion
Results suggest that physician education with reminders is an effective means of reducing the number of
inappropriate PPIs prescribed in a family medicine resident practice. Educational interventions may be a helpful
tool in promoting deprescribing efforts alongside other deprescribing methods noted in the literature,
particularly among resident physicians.
This study took place in a single residency clinic, limiting its sample size of physicians and patients. The study’s
principal investigator was a resident in the clinic, which may have increased residents’ engagement. No
pediatric patients were included; inclusion of pediatric patients in future investigations could lead to broader
applicability of Zndings. Further studies could investigate the use of similar interventions on other medication
classes commonly prescribed inappropriately, such as bisphosphonates and statins.

Conclusions
We demonstrated a favorable improvement in inappropriate PPI deprescribing and prescriber knowledge
through focused education and feedback. Further use of educationally-driven deprescribing interventions may
prove beneZcial in encouraging cost-effective, evidence-based, patient-centered care.
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