Appendix 4: Evidence reviews and related references
Summary of Systematic Review Findings
Our systematic review of deprescribing to on-demand or abrupt discontinuation of PPIs found
six studies [1–6]. The 2004 Cochrane review that involved dose-lowering and step-down to
H2RAs (eligible deprescribing methods)[7] included nine eligible studies [8–16]. We updated
the literature search from the Cochrane review to April 2014 but found no additional studies
meeting our eligibility criteria. We considered five studies of on-demand use, one study of abrupt
discontinuation and nine studies of dose-lowering or H2RA for grading and recommendations.

Five studies investigating on-demand PPI use (in which the PPI was abruptly stopped and the ondemand regimen offered) measured risk of symptom relapse (lack of symptom control: return of
symptom(s) of at least moderate severity/symptoms incompatible with well-being) [1–3,5,6]. In
these studies, on-demand PPI use increased the risk of symptom relapse compared to continuous
PPI use (relative risk (RR) 1.71, 95% confidence interval (CI) 1.31 to 2.21; number needed to
harm (NNH) 14). Three on-demand studies measured weekly pill burden (number of pills taken
per week) [1,5,6]. In these studies, on-demand PPI use reduced weekly pill burden by 3.8 pills
compared to continuous PPI use (95% CI -4.73 to -2.84). Patient satisfaction was measured in
five studies comparing on-demand PPI use to continuous PPI use (satisfaction reported as
inadequate relief or unwillingness to continue) [1–3,5,6]. In these studies, patients using PPIs ondemand had an increased risk of being dissatisfied with therapy compared to those using PPIs
continuously (RR 1.82, 95% CI 1.26 to 2.65; NNH 14); however, there was indirectness of
evidence as poor methods of satisfaction were used (see Appendix 2). The quality of evidence
for on-demand PPI use graded as low due to concerns surrounding risk of bias (attrition,

performance, detection and selective reporting) as well as imprecision and indirectness. Only one
study with a small number of participants (n=105) and events examined abrupt discontinuation
(without use of on-demand PPI therapy) [4]. Significantly increased risk of symptom relapse (RR
3.02, 95% CI 1.74 to 5.24; NNH 2) and endoscopic relapse (RR 3.41, 95% CI 1.91 to 6.09; NNH
2) was found in this study. The quality of evidence for this study was very low due to concerns
regarding imprecision, blinding and attrition bias.

Symptom relapse (return of symptoms enough to interfere with normal activity for 3-7
consecutive days) was measured in five studies of patients receiving low (maintenance) dose
PPI[17] compared to continuous PPI use (healing/standard dose) [10–14,16]. In these studies,
there was no difference in risk of symptom relapse for patients using low dose PPI (RR 1.16,
95% CI 0.93 to 1.44). Six studies measured risk of esophagitis relapse (endoscopic findings)
with low dose PPI use [10–16]. In these studies, low dose PPI increased risk of esophagitis
relapse compared to continuous dose PPI (RR 1.54, 95% CI 1. 25 to 1.89; NNH 13). The quality
of evidence was low for symptom relapse due to inconsistency; there was also statistically
significant heterogeneity that was unexplained (I2 = 48%). The quality of evidence for
esophagitis relapse was moderate.

Step-down to H2RAs was compared to continuous PPI use (healing dose PPI) in three trials [8–
10]. Use of H2RAs as maintenance therapy increased risk of symptom relapse (RR 1.92, 95% CI
1.44 to 2.58; NNH 5) and esophagitis relapse (RR 3.52, 95% CI 1.80 to 6.87; NNH 3) compared
to continuous PPI use. The quality of evidence was rated as moderate due to concerns
surrounding risk of bias.

GRADE evidence tables with further details are presented in Appendix 2.

Harms of continued PPI use
PPIs are generally safe and well-tolerated. Commonly reported side effects include diarrhea and
headache and although their incidence is comparable to placebo, the risk for diarrhea may be
increased in older persons [18]. PPI use has also been associated with vitamin B12 deficiency
and hypomagnesemia [19–21]. If unrecognized as potential PPI adverse effects, these symptoms
may lead to a prescribing cascade whereby another drug is used to treat these iatrogenic effects.

Epidemiological data has emerged demonstrating that there are other potential harms associated
with PPI use. A review of reviews of PPI harms was therefore completed; a librarian conducted
an English only literature search in Pubmed, EMBASE via OVID, International Pharmaceutical
Abstracts database, Scopus and the Cochrane Library (strategy available upon request). Our
search returned 84 studies. Two research assistants independently reviewed the studies using the
following inclusion criteria to identify relevant literature: systematic reviews of RCTs or
observational studies, and outcomes resulting in harms. The research assistants met with one
investigator to reconcile the resulting list of studies. A total of 36 studies were eligible. We
conducted a narrative synthesis and summary of these systematic reviews and compiled their
results (including harm outcomes, study designs, and outcome variables) – full results are
available upon request. The range of estimates (OR, RR, or HR) and citations for eligible
reviews are outlined in Appendix 3.

The eligible systematic reviews reported an increased risk of the following outcomes in PPI users
versus those not using PPIs: fractures (overall fractures risk, spine fractures, hip fractures),
Clostridium difficile infections, Clostridium difficile-related diarrhea, community-acquired
pneumonia, hospitalisations for community-acquired pneumonia, gastric cancer, gastric atrophy,
intestinal metaplasia, simple ECL hyperplasia, focal ECL hyperplasia, colorectal cancer,
increased risk of vascular events among patients taking clopidogrel, bacterial peritonitis, small
intestine bacterial overgrowth, vitamin B12 deficiency, and hypomagnesemia. When interpreting
the impact of the aforementioned risks, consideration should be given to the prevalence of PPI
use, the baseline risk of such harms, and the magnitude of increased risk for harms. It should also
be noted that overall effect sizes were small, and that residual confounding that cannot be fully
adjusted for is always a concern in epidemiological studies. As such, the quality of evidence for
harms is of low to very low quality.

Values and patient preferences related to PPIs
Semi structured patient interviews consistently report that patients believe PPIs are the most
effective treatment for controlling their GI symptoms [22,23]. A high percentage of patients also
believe taking a PPI has improved their quality of life [22,24]. Patients with GERD symptoms
generally do not take their prescriptions continuously as prescribed, instead taking their
medication on an “as needed” basis [25]. Documentation of this behaviour has been attributed to
the development of on-demand treatment strategies.
Patient’s perceived satisfaction with continuous compared to on-demand treatment demonstrated
a statistically significant difference in favor of continuous treatment in two open label trials. The

clinical significance of these results however is unlikely to be meaningful as the absolute
differences between groups were quite small [1,3]. In contrast, a third study comparing
continuous to on-demand treatment found that patient’s willingness to continue taking their
assigned PPI regimen was greater with on–demand treatment [26]. A blinded study comparing
maintenance treatment with continuous (daily) PPI and placebo rescue versus daily placebo and
PPI rescue demonstrated that quality of life was independent of the daily PPI intake, despite a
30% decrease in medication use in the daily placebo arm [2]. The results of these studies suggest
that patient’s level of acceptance for maintenance GERD treatment compared with taking an ondemand PPI is likely similar, if not superior, to taking the same medication every day.

Some patients may be reluctant to reduce or taper PPI therapy for fear that their GI symptoms
will return [22–24]. The clinical considerations section of the guideline provides information
regarding how to manage mild (e.g. LA Grade A/B) symptom recurrence.

Resource implications and cost-effectiveness
In 2012, anti-ulcer therapy accounted for 26 billion U.S dollars in sales globally [27]. In Canada,
PPIs accounted for $247 million Canadian dollars spent by public drug programs (except
Quebec, Newfoundland and Labrador, and the Territories) in 2012 [28]. The proportion of seniors
taking a PPI amongst low, moderate and high medication users was 8.3%, 27.1% and 60.8%,
respectively [29]. Studies consistently show inappropriate PPI use in approximately 40-65% of
patients depending on the setting (i.e., ambulatory or inpatient) [20,30,31]. A retrospective review
of ambulatory patients estimated the drug cost associated with inappropriate PPI use to be over 1

million dollars for just 341 patients who had accumulated 768 patient-years of treatment with no
indication [32].

Interventions to reduce PPI use have proven successful. These interventions can be resource
intense, however, involving extensive chart reviews to determine eligible patients, audit and
feedback processes, and development or implementation of specialty GI clinics [33–35].
Step-down, intermittent and on-demand PPI use have all been shown to reduce direct medical
costs compared to continuous PPI maintenance treatment for patients with GERD [36–38].
Preliminary evidence from a modeling study suggests that intermittent PPI treatment is more cost
effective than continuous treatment when factoring in costs related to diagnosis, procedures and
unsuccessful pharmacological treatment [37]. An open label, randomized study comparing on
demand treatment to intermittent treatment found the former resulted in less direct and indirect
medical costs [39]. Unfortunately, there is no evidence that directly compares these strategies or
captures long-term costs (e.g. increase in medical visits). As well, the differing patient
populations, definitions of the treatments, included costs and duration of study/ modeling make it
difficult to support a single strategy as cost effective for all patients. For patients with severe
GERD (LA Grade C/D) symptoms, the projected cost of continuous PPI treatment per quality
adjusted life year (QALY) demonstrates its cost effectiveness in this subset of patients [40].
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