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Objective: To provide contemporary estimates of internists’ perceptions of adverse effects
associated with proton pump inhibitors (PPIs) and self-reported clinical use.

Methods: We invited 799 internists, including specialists and post-graduate trainees, to complete
an online survey. Topics included perceptions of PPI adverse effects (AEs) and effectiveness for
upper gastrointestinal bleeding (UGIB) prevention, changes in prescribing, and management
recommendations for patients using PPIs for gastroesophageal reflux disease (GERD) or UGIB
prevention. For the high-risk UGIB prevention scenario, we used logistic regression to identify
factors associated with appropriate PPI continuation.

Results: Among 437 respondents (55% response rate), 10% were trainees and 72% specialized
in general medicine. 70% were somewhat/very concerned about PPl AEs and 76% had somewhat/
very much changed their prescribing. A majority believed PPIs increase the risk for 6 of 12 AEs
queried. 52% perceived PPIs to be somewhat/very effective for UGIB prevention. In a GERD
scenario in which PPI can be safely discontinued, 86% appropriately recommended PPI
discontinuation. However, in a high-risk UGIB prevention scenario in which long-term PPI use is
recommended, 79% inappropriately recommended discontinuation. In this latter scenario,
perceived effectiveness for bleeding prevention was strongly associated with continuing PPl (OR
7.68, p<0.001 for moderately; OR 17.3, p<.001 for very effective). Other covariates, including
concern about PPl AEs, had no significant association.

Conclusions: Most internists believe PPIs cause multiple AEs and recommend discontinuation
even in patients at high risk for UGIB. Future interventions should focus on ensuring that PPIs are
prescribed appropriately according to individual risks and benefits.
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Introduction

Proton pump inhibitors (PPIs) are one of the most commonly used drug classes in the United
States (1) but are often used at higher doses and longer than necessary for gastroesophageal
reflux disease (GERD) (2-6). The appropriate use of these potent acid-reducing medications
has become a topic of growing interest in recent years due to case-control and cohort studies
linking PPIs to numerous clinical conditions, including bone fractures (7), C. difficile
infection (8), pneumonia (9), and various vitamin and mineral deficiencies (10). However,
the clinical significance of many of these studies is unclear since data are mostly lacking to
support a definite causal link in most cases (11), and a recent randomized trial of
pantoprazole found that they were associated with an increased risk for enteric infection
only (12).

To address overuse of PPIs, in 2012 the American Board of Internal Medicine’s Choosing
Wisely Campaign included conditional recommendations for dose-reduction or
discontinuation of PPIs in some patients with GERD (13). The following year, a survey of
internists found that rather than recommending stopping PPIs when used for GERD, they
more often inappropriately recommended stopping PPIs when used for the prevention of
upper gastrointestinal bleeding (UGIB) (14). The results of this survey highlighted the need
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to carefully consider a patient’s medical history, symptoms, and concurrent medications
before deprescribing. Failure to do so can be perilous: For those patients at increased risk of
UGIB, discontinuation can lead to bleeding events, with potential long-term morbidity and
mortality, particularly in older adults with comorbid illness (15-17). Indeed, PPI
gastroprotection is recommended for patients at high risk for UGIB (18,19).

Since the prior survey, decision-making around the use of PPIs has become even more
complex. PPIs have been linked to other serious conditions, including chronic kidney disease
(20), dementia (21), and excess risk of death (22), and additional guidance supporting PPI
deprescribing has been published (23). In the setting of a dynamic evidence base, little is
known about how healthcare providers now perceive the adverse effects (AEs) associated
with PPIs, or if they are appropriately changing their prescribing, and deprescribing,
practices as a result. To gain greater insight into physicians’ current perceptions of PPl AEs,
as well as their benefits for preventing UGIB, and how these perceptions are associated with
PPI prescribing behavior, we conducted an online national survey of physician members of
the American College of Physicians (ACP).

Study population

Together with the ACP, we conducted an Internet-based national survey of internal medicine
physicians, including residents and fellows, in general practice or any medical subspecialty.
Participants were drawn from the Internal Medicine Insider research panel maintained by the
ACP Research Center (24). The panel includes 1,730 ACP members who have volunteered
to participate in periodic surveys, and it is representative of the larger ACP by member class
(e.g., trainee vs. fellow vs. master). The panel excludes medical students, affiliate members
(non-physicians), honorary fellows, and non-U.S. members. Since its inception in 2011, it
has been regularly adjusted to also represent ACP membership across multiple
demographics. We invited 799 physicians to participate after excluding panel members who
had previously reported that they were retired, not currently working in the medical field, or
spending <25% of time in direct patient care.

Questionnaire Development and Content

We developed a 34-item multiple-choice survey with input from the Center for Bioethics and
Social Sciences in Medicine at the University of Michigan, which includes faculty with
expertise in risk communication and decision making (BZF). The survey contained
questions about general familiarity with and concern about possible PPl AEs, and awareness
of and beliefs about whether PPIs in fact increase the risk for any of 12 conditions that have
been associated with PPIs. For possible AEs they were aware of, participants were asked
which ones they worry most about when prescribing PPIs. We also asked how often patients
using PPIs bring up concerns about AEs and how often the physicians personally discuss the
risks and benefits of PPIs before prescribing them. In addition, we asked the extent to which
physicians had changed their PPI prescribing habits as result of studies on AEs.
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Next, we presented participants with four separate common clinical scenarios all featuring a
70-year old female patient who uses omeprazole 20 mg daily and has recently been
diagnosed with osteopenia, which would increase her risk for bone fracture, a condition that
has associated with PPIs (Supplement 1) (7). The scenarios varied in the degree of the
patient’s UGIB risk (minimal [history of GERD], low [low-dose aspirin], moderate [low-
dose aspirin and warfarin], and high [prior PUD and low-dose aspirin]). Following each
scenario, we queried how the participant would manage the patient’s PPI with the following
response options: (1) Continue the omeprazole; (2) Stop the omeprazole; and (3) Stop the
omeprazole and also start an H2-blocker, such as ranitidine (Zantac). The order in which the
scenarios were presented to participants was randomized. Following the high-risk UGIB
prevention scenario, participants were asked how effective they believed omeprazole is at
reducing the risk of UGIB in that case on a Likert-type scale (response options: not at all,
slightly, moderately, very). Our estimates of UGIB risk for each scenario, of which the
survey participants were not informed, are based on prior risk estimates (25,26). For the
low-, medium-, and high-risk UGIB scenarios presented in the survey, the annual risks of
UGIB are estimated to be 0.5% per year, 1.5% per year, and 2.7% per year without PPI.
Recent recommendations on appropriate PPI discontinuation would support PPI
discontinuation in the GERD scenario (23), while recommendations on use of PPI
gastroprotection support its use in the moderate-risk and high-risk Gl bleed scenarios but not
the low-risk scenario (18,19).

Finally, we asked about basic demographic, professional, and practice characteristics,
familiarity with guidelines on appropriate use of PPIs, and availability of decision support to
help with appropriate continuation or discontinuation of PPIs. Practice characteristics were
not obtained for residents or fellows.

The full survey can be found in Supplement 2.

Survey distribution

Analysis

The first email invitation was sent on June 11, 2018. Three additional reminder emails were
sent to non-responders before the survey was closed on June 26, 2018. Each participant who
completed the survey was given participation points that could be redeemed for a $10
Amazon gift card.

For categorical variables, we calculated descriptive statistics, including frequencies and
percentages. In calculating the frequency of awareness of and beliefs about AEs, we
combined the categories osteoporosis/osteopenia with bone fracture under the heading “bone
loss or fracture.”

We then conducted an exploratory multivariable analysis to evaluate independent predictors
of continuing PPI in the high-risk UGIB prevention scenario. We selected this scenario
because it had the strongest indication for PPI continuation and a high proportion of
participants choosing to deviate from that strategy. The dichotomous outcome was defined
as PPI continuation vs. (stopping PPI or switching to an H2-blocker) (“PPI discontinuation™)
since H2-blockers are likely inferior to PPIs for the purposes of UGIB prevention and are
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not recommended for this purpose (27). For predictors, we included concern about PPI AEs,
perceived PPI effectiveness for preventing UGIB, age, gender, trainee status, number of
patients seen per week, familiarity with guidelines on PPI use for prevention of UGIB, and
availability of decision support for appropriate PPI use. Concern about PPl AEs and
perceived effectiveness of PPIs for UGIB prevention were both analyzed as four-level
indicator variables with “not at all” as the base category. Because of the presence of
complete separation of one of the predictors (PPI effectiveness) by the outcome variable,
which precluded maximum likelihood estimation of the model, we merged two levels of the
scale for PPI effectiveness (not at all effective, and slightly effective) into a single level for
the regression. Logistic regression was used first to assess the bivariate relationship between
the predictor variables and management of the clinical scenario, as well as for the final
multivariable model. We hypothesized that concern about AEs and perceived effectiveness
for bleeding prevention would respectively be negatively and positively associated with
recommending PPI continuation. In this model, four cases had missing data on age and were
excluded.

This study was approved as exempt research by the IRB at the University of Michigan
Medical School. We used Stata version 15.0 for all analyses.

Role of funding source

This project was supported by NIDDK K23 118179-01A1 (JEK) and VA SDR 101
HX002693-01 (Y XY, LL, SDS). The funding source had no role in the study’s design,
conduct, or reporting.

Results

Sample characteristics

The response rate was 55% (440 responses out of 799 invitations). Twenty-two participants
who had previously reported to the ACP that they spent >25% time on patient care (and were
therefore invited to participate), reported in this survey spending <25% time on patient care.
These participants were included in the analysis, but we excluded three respondents because
they reported not seeing any patients, for a final sample size of 437. Our sample was
predominantly male (64%) with a mean age of 48 years (SD 12; Table 1). Ten percent were
trainees, 87% were board certified, and 72% specialized in general internal medicine. Only
1% were gastroenterologists. Seventy-seven percent of respondents saw outpatients in clinic.
The largest share of participants was part of either a group practice (29%) or academic
practice (28%). Most participants reported familiarity with guidance on appropriate use of
PPIs to prevent UGIB (67%), while 22% had decision support available to help with
appropriate continuation or discontinuation of PPIs.

Perceptions and experience with PPIs

Most participants reported being somewhat or very (93%) familiar with published data on
PPI AEs, 70% were somewhat or very concerned about AEs when prescribing PPIs, and
76% had somewhat or very much changed their prescribing practices for PPIs (Table 2).
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Eighty-one percent of participants reported sometimes or often discussing the risks/benefits
of PPIs before prescribing them, while fewer (42%) reported patients sometimes or often
bringing up concerns about AEs.

Concern about specific adverse effects

Among the 12 conditions associated with PPIs that we asked respondents to consider, the
greatest proportion reported being aware of bone loss or fracture (96%), C. difficile infection
(93%), and pneumonia (90%). For the others, rates of awareness were: B12 deficiency 82%,
chronic kidney disease 72%, vitamin D deficiency 70%, acute interstitial nephritis 70%,
gastric cancer 68%, dementia 68%, death 63%, heart attack 61%, and stroke 58%.
Participants endorsed believing that PPIs increase the risk for a mean of 5.2 (SD 2.5)
different conditions, most often bone loss or fracture (88%), C difficile infection (82%), and
pneumonia (70%; Figure 1). Ninety-seven percent endorsed believing that PPIs increase the
risk for at least one condition. Relatively few respondents believed that PPIs increase the risk
of death (14%), heart attack (11%), or stroke (7%). For these three conditions, there were the
greatest differences between rates of awareness and belief that PPIs are a cause, roughly
50% for all three. For chronic kidney disease, 43% believed that PPIs increase the risk.
When prescribing PPIs, the conditions for which the highest proportion of participants
expressed the most concern were C. difficile infection (28%) and bone loss or fracture
(25%).

Management of the patient scenarios and perceived effectiveness of PPIs for UGIB

prevention

The majority (67%) of participants recommended stopping the PPI with or without an H2
blocker in all four of the clinical scenarios (Figure 2). The rate of PPl continuation in the
GERD scenario was 14%, and in the low-, moderate-, and high-risk UGIB prevention
scenarios, 9%, 14%, and 21% respectively. For the GERD scenario, the most common
recommendation was to switch the PPI to an H2 blocker. In contrast, for all three of the
scenarios for which the PPI indication was prevention of UGIB, the most common
management decision was to discontinue the PPI without starting an H2 blocker, followed
by switching to an H2 blocker, with the smallest proportion electing to continue the PPI. In
the high-risk scenario, 48% recommended stopping the PP1 without starting an H2 blocker,
and 31% recommended switching to an H2 blocker. In that same scenario, PPIs were
perceived to be not effective for UGIB prevention by 13%, slightly effective by 35%,
moderately effective by 40%, and very effective by 12%.

Predictors of PPI continuation in high-risk Gl bleed scenario

In the multivariable analysis, perceived effectiveness of PPI for preventing UGIB was
strongly positively associated with PPI continuation in a dose-dependent fashion. Among
participants reporting that PPIs were not at all or slightly effective for preventing UGIB,
only 5% recommended PPI continuation (Table 3). For participants who perceived PPIs to
be moderately effective (versus not at all or slightly effective), the odds of continuation were
increased by 7.68 times (95% CI [3.77, 15.6]; p<0.001), and for participants who perceived
PPIs to be very effective, the odds of PPI continuation were increased 17.3 times (95% CI
[7.35, 40.8]; p<0.001). Concern about PPl AEs did not have a significant association with
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PPI continuation, nor did age, gender, trainee status, patient volume, availability of decision
support for appropriate PPI use, or familiarity with guidelines.

Discussion

In this survey of internists in the United States, we found that a majority of participants are
concerned about AEs from PPIs and report having changed their PPI prescribing practices as
a result. While conclusive evidence is lacking to prove that PPIs actually cause many of the
conditions with which they have been associated, our survey has for the first time found that
nearly all respondents believe that PPIs increase the risk for one or more AEs (on average 5
6), and most respondents are concerned about PPI AEs when prescribing these drugs. Our
findings also shed light on how current PPI prescribing, and deprescribing, practices may
affect the use of PPIs for GERD, as well as for prevention of UGIB. In response to common
clinical scenarios, most participants recommended stopping a PPI used for GERD (in a case
where doing so is appropriate) but also recommended stopping when used for prevention of
UGIB (in a case where doing so is appropriate). Only 21% of participants recommended PPI
continuation in the latter scneario. These findings demonstrate that internists have received
the message that PPIs may be harmful and should be used more restrictively. At the same
time, they also raise concerns that efforts to decrease PPl use may have the unintended
consequence of exacerbating underuse of PPIs for prevention of UGIB, which has been a
persistent problem (28-30).

Our results provide additional insight into the reasons for underuse of PPIs for UGIB
prevention. Levels of concern about PPI AEs were not significantly associated with
recommending PPI continuation when used for high-risk UGIB prevention. However,
perceived effectiveness of PPIs for prevention of bleeding was strongly associated with
appropriate PPI continuation in this setting, with participants who believed PPIs were
moderately effective having 7.7 times the odds of PPI continuation, and for the those who
believed they were very effective, 17.3 times the odds in our adjusted model. Taken together,
these findings suggest that the default management option for PPIs is discontinuation,
regardless of indication, but that an understanding of the benefits for UGIB prevention can
motivate appropriate PPI continuation in this context.

While prior studies have documented inappropriate prescribing of PPIs in the outpatient
setting, few have examined the appropriateness of PPI deprescribing, which has been widely
recommended (23,31). In 2013, we conducted a similar scenario-based survey of ACP
members to investigate recommendations for management of PPIs, prior to more recent
articles on conditions associated with PPIs. The scenarios for high-risk UGIB prevention
and GERD were nearly identical the survey reported here, but there were slight differences
in the response options: In the earlier the survey, no option for switching to H2 blocker was
given. In the 2013 survey, 62% of participants recommended stopping PPI in the high-risk
UGIB prevention scenario, and 32% recommended stopping in the GERD scenario,
compared to 79% and 86%, respectively, in the survey reported here. In the last 5 years,
internists have thus become more restrictive in their use of PPIs for GERD, in keeping with
recent recommendations, but also have become more guideline-discrepant in their use of
PPIs for gastroprotection, allowing for methodologic differences in the two surveys. Prior
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studies have shown that patients, for their part, are also concerned about PPl AEs. A 2017
survey of adults with GERD in the United States found that 79% had some degree of
concern about AEs (32). Furthermore, 39% of patients had tried stopping their PPI, most
without involving their health care providers, and patients who were high risk for UGIB
were no less likely to have tried stopping, underscoring the need for clinicians to be vigilant
about this issue.

This study has several implications for clinicians. It is imperative to evaluate the risk of
upper GI complications when deprescribing is considered, and to understand the role of PPIs
for prevention of acid peptic diseases. A meta-analysis of randomized controlled trials
demonstrated that PPIs reduce the risk of ulcer bleeds by 79% (27). Accordingly, guidelines
support the use of gastroprotection with PPIs (but not H2 blockers) for patients with any two
of the following risk factors: thienopyridines, UGIB history (non-variceal) or ulcer history,
NSAIDs, anticoagulants, and aspirin; a useful acronym is TUNAZ (18,19,33-36). PPIs are
also recommended for certain other high risk groups, including a patients over 65-years-old
using NSAIDs (see supplement 3). Some GERD patients are also not appropriate for PPI
deprescribing, including those with a history of reflux esophagitis, especially LA grade C or
D, or peptic stricture (37). Long-term PPl may also be appropriate for patients with non-
erosive reflux esophagitis and symptom recurrence off PPI. As clinicians make these
decisions, they should be cognizant of the lack of data supporting a causal relationship
between PPIs and many of conditions with which they have been associated. In most cases,
the strength of association is weak and can potentially be explained by residual confounding
(i.e., at baseline, patients who are prescribed PPIs tend to be sicker than others). The best
evidence of a causal link exists for enteric infections, hypomagnesemia, and fundic gland
polyps (11). Most convincingly, safety outcomes were prospectively evaluated as part of a
recently reported randomized controlled trial of PPI gastroprotection, the strongest possible
design to answer this question (12). Over 53,152 person-years of follow up, PPIs were
associated with an increased risk for enteric infections only. This study provides evidence
that PPIs used for even a few years have little detectable risk, although risks from longer
term use could not be evaluated.

For researchers, it will be important to evaluate for unintended consequences of PPI
deprescribing (e.g., stopping in the wrong patients, UGIB events). Moreover, new tools are
needed to proactively prescribe PPIs to high-risk patients. Several multi-component
interventions aimed at reducing high-risk prescribing of NSAIDs and antiplatelet drugs,
which included efforts to increase appropriate use of PPI gastroprotection, have proven
successful in European countries (38-40), including one which showed a reduction in
hospitalizations for Gl ulcers and bleeding (38). The intervention strategies included
clinician education, informatics tools, feedback on high-risk prescribing, and incentive
payments. Point-of-care clinical decision support tools, which roughly one-fifth of
respondents report currently having for PPIs, are one potentially appealing intervention
strategy that have been shown to improve prescribing of other recommended medications in
a prior meta-analysis (41). However, it will be critical to consider the impact on clinician
satisfaction and work efficiency given the prevalence of PPI use. Validated point-of-care risk
stratification tools are also needed to better characterize individual patients” UGIB risk.

Am J Gastroenterol. Author manuscript; available in PMC 2021 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kurlander et al.

Page 9

Our study has a number of strengths. The participants were drawn from a national sample of
internists, and our response rate was relatively high. In addition, survey questions were
developed in collaboration with experts in survey development and risk communication.
Despite these strengths, the study has a number of limitations. First, the survey was
administered in 2018, and thus participants’ responses do not reflect the most recent data on
PPI AEs (12,42). Second, participants’ management recommendations in clinical scenarios
are likely to reflect what they believe to be optimal management strategies but may differ
from real-world clinical management; however, the scenarios were designed to be as realistic
as possible. Third, the order of the questions in the survey, with questions probing
perceptions of AEs preceding the scenarios, may have influenced participants’ responses.
Fourth, members of the ACP may not be representative of the broader population of U.S.
internists, although rates of board certification are nearly equivalent (43). Finally, because
the large majority of participants were general internists, our findings cannot be generalized
to medical subspecialists.

In conclusion, we found that most internists believe PPIs have multiple serious AEs and
report changing their prescribing practices as a result. Furthermore, they most often
recommend PPI discontinuation for patients regardless of whether prescribed for GERD or
high-risk UGIB prevention, when stopping is inappropriate. These findings raise concerns
that efforts to reduce the use of PPIs could have unintended consequences, such as UGIB.
Educational efforts around the use of PPIs should place greater emphasis on appropriate use
of PPIs, including the strong evidence base in support of PPIs for the prevention of UGIB.
Finally, it is time to develop and disseminate clinically nuanced, user-centered interventions
that cannot only facilitate PPI stopping in appropriate candidates, but also PPI initiation in
patients at high risk for UGIB, to ensure that decisions around PPl use accurately reflect the
true risks and benefits.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Study Highlights
What is known:

Proton pump inhibitor use have been linked with numerous serious clinical conditions,
which have been hypothesized to represent adverse effects.

It is not known how clinicians perceive the adverse effects of PPIs or how they may be
changing their prescribing.

Currently, the FDA has approved the use of PPIs for the treatment of erosive esophagitis,
gastric hypersecretion, gastroesophageal reflux disease, Helicobacter pylori infection and
gastric and duodenal ulcers. However, professional guidelines recommend the
prophylactic use of PPIs for bleeding prevention in select patients at an increased risk of
bleeding.

What is new:

Internists believe PPIs cause on average 5-6 different adverse effects and report changing
their prescribing.

Most internists recommend stopping PPIs whether used for reflux or prevention of upper
gastrointestinal bleeding in a patient at high risk, when stopping is inappropriate.

Perceived effectiveness of PPIs for bleeding prevention was strongly associated with
appropriate continuation when used for prevention of upper gastrointestinal bleeding.
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Figurel.
Participants’ beliefs about whether PPIs increase the risk for any of 12 specific adverse

effects, and perception of the most worrisome adverse effect. Twelve respondents did not
believe PPIs increased the risk for any adverse effects, and 34 participants who believed
PPIs caused at least one adverse effect answered “none of the above” when asked which
adverse effect was most worrisome.
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Hl Continue PPI
@ Switch to H2-blocker
1 Discontinue PPI

Recommendations for management of proton pump inhibitor in clinical scenarios by
indication, including varying levels of upper gastrointestinal bleeding risk. Management
options presented to survey participants were continue PPI, switch PPI to H2-blocker, or
stop PPI. See Supplement 1 for scenario descriptions. GERD = gastroesophageal reflux
disease. PPI= proton pump inhibitor.
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Table 1.

Participant characteristics

Gender

Female 143 (32.7%)
Male 280 (64.1%)
Decline to answer 14 (3.2%)
Age (years; mean +/- SD) 48 +/- 12
Training level

Residency 30 (6.9%)
Fellowship 15 (3.4%)
Non-trainee physician 392 (89.7%)
Specialty

Trainee 45 (10.3%)
Internal medicine 314 (71.8%)
Gastroenterology 6 (1.4%)
Cardiology 8 (1.83%)
Other 64 (14.6%)
Year of residency completion

Trainee 45 (10.3%)
1960-69 2 (0.5%
1970-79 17 (3.9%)
1980-89 83 (19.0%)
1990-99 98 (22.4%)
2000-09 103 (23.6%)
2010-2018 89 (20.4%)
Board certified

Trainee 45 (10.3%)
Yes 380 (87.0%)
No 12 (2.8%)
See outpatientsin clinic

Yes 337 (77.1%)
No 100 (22.9%)

Patients seen per week

1-25 77 (17.6%)
26-50 120 (27.5%)
51-75 114 (26.1%)
76-100 88 (20.1%)
>100 38 (8.7%)
Patients seen per week on PPI

None 2 (0.5%)
1-25 329 (75.3%)
26-50 88 (20.1%)
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51-75 14 (3.2%)
76-100 1 (0.2%)
>100 3(0.7%)
Percent patient care

<25% 22 (5.0%)
25-49% 47 (10.8%)
50-74% 73 (16.7%)
75-100% 295 (67.5%)
Practicetype

Solo 48 (11.0%)
Group 125 (28.6%)
Academic 121 (27.7%)
VA 19 (4.4%)
Military/government 9 (2.1%)
Hospital employed — integrated health system 42 (9.6%)
Hospital employed — private practice model 73 (16.7%)
Familiar with guidelines on appropriate use of PPIsto prevent upper Gl bleeding

Yes 294 (67.3%)
No 143 (32.7)
Decision support available to help with appropriate continuation or discontinuation of PPIs

Yes 97 (22.2%)
No 340 (77.8%)

VA = Veterans Affairs.
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Table 2.

Perceptions of and beliefs about PP1 adverse effects and changes in prescribing habits. PP1= proton pump
inhibitor.

Not at all | Slightly Somewhat Very much
Familiar with published data on PPI adverse effects 1(0.2%) 30 (6.9%) 269 (61.6%) | 137 (31.4%)
Concerned about adverse effects when prescribing PPIs 15 (3.4%) | 118 (27.0%) | 208 (47.6%) | 96 (22.0)

Have changed PPI prescribing habits as a result of studies on adverse effects™ | 30 (6.9%) | 75 (17.2%) 224 (51.3%) | 107 (24.5%)

*
Participants with no familiarity of published data on PPI adverse effects were not prompted with this question (n=1)
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Multivariable regression model for management of high-risk upper gastrointestinal bleed prevention scenario.
Outcome variable was continuation of proton pump inhibitor (vs. discontinuation with or without starting H2
blocker), such that an odds ratio >1 indicates a higher odds of PPI continuation. N=433 for the multivariable

regression; data for age were missing for four participants. Age was analyzed in the multivariable model as a

continuous variable.

n (%) discontinuing n (%) continuing Unadjusted OR Multivariable OR p-value
PPI (N=344) PPI (N=89) (95% CI) (95% CI)
Age (years)
20-39 94 (27.3%) 35 (39.3%)
40-59 167 (48.6%) 35 (39.3%)
60-79 83 (24.1%) 18 (20.2%)
>80 0 (0%) 1 (1.1%) 0.987 (0.968, 1.01) 0.999 (0.975, 1.02) 0.95
Male 228 (66.28%) 63 (70.8%) 1 (reference) 1 (reference)
Female 116 (33.72%) 26 (29.2%) 0.811 (0.488, 1.35) 0.714 (0.400,1.28) 0.26
Non-trainee 314 (91.3%) 74 (83.2%) 1 (reference) 1 (reference)
Trainee 30 (8.7%) 15 (16.8%) 2.12 (1.09, 4.14) 2.58 (0.956, 6.98) 0.06
Patients seen per week
1-25
26-50 59 (17.2) 17 (19.1) 1 (reference) 1 (Reference) —
51-75 100 (29.1) 19 (21.4) 0.659 (0.318, 1.37) 0.928 (0.389, 2.22) 0.87
76-100 91 (26.5) 22 (24.7) 0.839 (0.411, 1.71) 1.11 (0.468, 2.64) 0.81
>100 62 (18.0) 25 (28.1) 1.40 (0.687, 2.85) 1.87 (0.765, 4.57) 0.17
32(9.3) 6 (6.74) 0.651 (0.233, 1.81) 0.642 (0.186, 2.21) 0.48
Decision support for PPI
use
Yes 70 (20.4%) 26 (29.2%) 1 (reference) 1 (reference)
No 274 (79.6%) 63 (70.8%) 0.619 (0.365, 1.05) 1.62 (0.847, 3.11) 0.14
Familiar with guidelines on
PPI use for bleeding
prevention
Yes
No 222 (64.5) 69 (77.5) 1 (reference) 1 (reference)
122 (35.5) 20 (22.5) 0.527 (0.306, 0.909) 1.63(0.878, 3.02) 0.12
Concern about PPI adverse
effects
Not at all 10 (2.9%) 5 (5.6%) 1 (Reference) 1 (Reference)
Slightly 86 (25.0%) 31 (34.8%) 0.721 (0.228, 2.28) 0.748 (0.186, 3.00) 0.68
Somewhat 166 (48.3%) 40 (44.9%) 0.482 (0.156, 1.49) 0.499 (0.128, 1.95) 0.32
very 82 (23.8%) 13 (14.6%) 0.317 (0.934, 1.08) 0.243 (0.0565, 1.04) 0.06

Perceived effectiveness of
PPI for preventing upper
Gl bleeding

Not at all or slightly
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n (%) discontinuing n (%) continuing Unadjusted OR Multivariable OR p-value
PPI (N=344) PPI (N=89) (95% ClI) (95% ClI)
Moderately 122 (35.5%) 53 (59.6%) 7.62(3.83,15.2) 7.68 (3.77, 15.6) <0.001
Very 29 (8.4%) 25 (28.1%) 15.1 (6.73, 34.0) 17.3 (7.35, 40.8) <0.001
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