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ABSTRACT

Proton pump inhibitors (PPIs) are commonly coadministered with clopidogrel, an antiplatelet
agent, to patients with acute coronary syndrome (ACS). Mechanistic studies suggest that PPls
have the potential to competitively inhibit the bioactivation of clopidogrel and may attenuate its
antiplatelet action in the body. The clinical implications of this drug-drug interaction have been
extensively studied; however reported findings are inconsistent. More recently, several studies
have questioned whether PPIs are associated with adverse cardiovascular events independent of
clopidogrel. Given that PPIs and clopidogrel are widely used, it is critical to better understand the

clinical impact of the concomitant treatment with both drugs.

This thesis includes four studies that investigate the clinical effects of the drug-drug interaction
between clopidogrel and PPls. Chapter 2, a systematic review and meta-analysis, summarizes
findings from 118 studies. Findings do not provide strong evidence for an association between
adverse cardiovascular events and the use of PPls when used alone, in combination with
clopidogrel, or in combination with other antiplatelets. Chapters 3, 4, and 5 present analyses of
real-world data comprised of electronic medical records. Results of these analyses demonstrate
1) that the concomitant use of clopidogrel and PPIs among inpatients was consistent with clinical
guidelines suggested by the FDA (Chapter 3); 2) a lack of association between PPl use vs nonuse
and four adverse cardiovascular outcomes among clopidogrel users (Chapter 4); and 3) a lack of
association between PPl use vs nonuse and adverse cardiovascular outcomes among prasugrel

users or ticagrelor users (Chapter 5).



Collectively, our findings do not provide evidence of an elevated risk of adverse cardiovascular
outcomes with the combined use of PPIs and clopidogrel. Although pharmacodynamic and
pharmacokinetic studies have demonstrated an interaction between these two drugs, our
findings support the opinion that the biological interaction does not translate into adverse

clinical events among patients with acute coronary syndrome.
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CHAPTER 1
INTRODUCTION

1.1 INTRODUCTION

Recent estimates suggest that 195,000 hospitalizations and 74,000 emergency room visits are a
result of drug-drug interactions (DDIs) in the United States (US) every year (Percha and Altman
2013). DDIs are expected to become a greater concern to public health with the increasing
prevalence of polypharmacy. In fact, the percent of Americans receiving more than two
prescription drugs increased from 12% in 1988-1994 to 21% in 2007-2010, while those receiving
more than four drugs increased from 4% to 10 % over the same time period (National Center for
Health Statistics 2012 in Percha and Altman 2013). These statistics highlight the importance of
understanding DDIs and their concomitant health impacts. Detecting adverse effects of DDIs and
assessing their clinical significance, however, can be challenging, particularly if the resulting

effects are long term or occur at a very low rate (Chan et al. 2015).

In 2006, findings of a potential DDI between two commonly coprescribed medications,
clopidogrel and proton pump inhibitors (PPls), suggested patients receiving these two drugs may
be at increased risk of adverse cardiovascular outcomes (Gilard et al. 2006). Clopidogrel, an
antiplatelet agent, is prescribed to patients with cardiovascular conditions, including acute
coronary syndrome (ACS), a recent myocardial infarction (Ml), or stroke (Gerson 2013). It was
first approved by the US FDA in 1997 (US FDA 1997). It remains one of the most prescribed
P2Y12 receptor antagonists (Pelliccia et al. 2015) despite the availability of newer and more
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CHAPTER 1

potent antiplatelets such as prasugrel and ticagrelor. Since clopidogrel can increase the risk of
gastrointestinal complications, particularly Gl bleeding, current guidelines recommend the co-
prescription of PPIs for gastric protection (Bhatt et al. 2008; Bhatt et al. 2010). The interaction
reported between clopidogrel and PPIs is biologically plausible since the two drugs may compete
for the same hepatic enzyme. Clopidogrel is a pro-drug that is metabolised in the human body
into its active form by the CYP2C19 enzyme. However, CYP2C19 is also involved in the
metabolism of PPIs (Ishizaki and Horai 1999). Through the mechanism of competitive inhibition,
PPls may hinder the activation of clopidogrel and thereby attenuate clopidogrel’s antiplatelet

activity.

The potential for an increased risk of clinical events among patients receiving both drugs
prompted the US FDA and other regulatory bodies to issue warnings discouraging concomitant
use (FDA 2009; Health Canada 2009; EMA 2010) and sparked in intense debate regarding the
safety of combined treatment. Since 2009, numerous observational studies have investigated
the clinical significance of the underlying DDI. Many studies have reported a lack of association
between concomitant treatment and adverse cardiovascular events, while others have reported
an elevated risk. Further, a number of recent studies reporting positive findings attributed their
results to limitations inherent observational studies, including selection bias and bias from
unmeasured confounders. Several studies have noted that PPl-users are typically at a higher
baseline risk for adverse events, as they are typically older, receiving more medications and have
more comorbidities relative to nonusers of PPls (Goodman et al. 2012; Focks et al. 2013; Cardoso

et al. 2015).
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More recently, preliminary findings reported in the literature suggest that PPls may have an
adverse effect on cardiovascular health independent of clopidogrel, such as reduced cardiac

contractility (Schillinger et al. 2007) and direct cardiotoxic effects (Ghebremariam et al. 2013).

A substantial number of patients are coprescribed clopidogrel and PPls; consequently, even
small increases in the risk of adverse events associated with their concomitant use would
represent a public health concern. As the question whether the DDI translates into a meaningful
clinical impact remains unanswered, this thesis further investigates the association between

concomitant use and major adverse cardiovascular events.

1.2 OBJECTIVES

The overall objective of the research project was to investigate the association between the
concomitant use of clopidogrel and PPIs and major adverse cardiovascular events. Specifically, |

completed four original studies to address the following five objectives:

1- Perform a systematic review and meta-analysis of published epidemiological studies
examining the potential risk of cardiovascular events associated with PPIs.

2- Examine the trends of concomitant use of clopidogrel and PPIs in response to the US FDA
safety warnings.

3- Assess the risk of adverse cardiovascular events associated with concomitant treatment
of PPls and clopidogrel among patients with ACS.

4- Assess the risk of adverse cardiovascular events associated with concomitant treatment

of PPIs and other antiplatelets (that have not been reported to interact with PPIs).
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5- Explore the potential for confounding in the findings.

1.3 USE OF LARGE DATABASES IN PHARMACOEPIDEMIOLOGIC RESEARCH

Large health care databases contain data that is routinely collected by hospitals and health
insurance companies in the course of providing and administering health services. The clinical
information stored in these databases represents real-world data (RWD) and reflects clinical
practice in large populations, in contrast to the far fewer and healthier patients typically included
in clinical trials (Schneeweiss 2006). In recent years, there has been a significant increase in the
use of health care databases for health research, particularly in the field of
pharmacoepidemiology (Arana et al. 2004). Such applications have resulted in a better

understanding of the safety and effectiveness of many drugs.

The two main types of large databases useful in pharmacoepidemiology are claims data and
electronic medical records (EMRs). EMRs have the advantage of containing more detailed
clinical information than claims data, including diagnostic test results, medical history and
lifestyle information on factors such as smoking and obesity (Schneeweiss and Avorn 2005).
Clinical research based on large databases has additional advantages such as representativeness
of the data collected from real-world settings and the coverage of large populations that allows
the investigation of rare events. Their use in research is further characterized by relatively low
cost, quick access to data, and the possibility to complement missing data by linking to external

sources (Spasoff 1999; Schneeweiss and Avorn 2005).
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At the same time, the use of EMRs in clinical research is accompanied by several challenges,
considering that the databases are not designed nor intended for research purposes. Dealing
with lower data quality, possibly incomplete data, the absence of information on important
confounders, and the extent of generalizability of findings can pose significant challenges to
researchers, all of which have the potential to bias study findings (Strom et al. 2013). Many of
the challenges can be often addressed by careful planning at the research design stage and the
use of methods that allow adjusting for potential biases that could compromise the study
validity. With proper management of challenges and cautious interpretation the findings,
evidence from database studies can complement findings from clinical trials to improve our
understanding of the safety and effectiveness of drugs under real-world conditions of use

(Schneeweiss et al. 2016).

1.3.1  HEALTHFACTS® DATABASE

The analytical studies presented in this thesis are based on the analysis of electronic medical
records from the Health Facts® database provided by Cerner Corporation in the United States.
Health Facts® consists of patient-level electronic medical records collected from more than 500
contributing US health facilities. Records include over 300 data elements with time-stamped
information on admissions, discharges, diagnoses, hospital procedures, drug prescriptions and

laboratory tests.

The dataset | had access to for this thesis covered the period from January 1, 2000 to December
31, 2016. It included 460 million distinct encounters corresponding to over 69 million unique
patients. Health Facts® is a longitudinal database that allows researchers to follow patients over
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time if they receive health care within the same health system. It also complies with the Health
Insurance Portability and Accountability Act and contains only de-identified information to

protect the identity of patients and contributing organizations.

1.4 ORGANIZATION OF THE THESIS

This thesis is manuscript-based and contains four original studies presented in Chapters 2-5
(Figure 1-1). Chapter 2 is a comprehensive systematic review and meta-analysis that summarizes
findings from epidemiological studies that reported on the association between PPl exposure
(taken alone or with other drugs) and major adverse cardiovascular events (M, stroke,

cardiovascular mortality, all-cause mortality). This chapter directly addresses Objective 1.

Introduction Chapter 1

Chapter2

RS2 Systematic review and meta-analysis (Study 1)

Chapter 3
: Trends analysis (Study 2
Retrospective yEE (B2
analysis of the Chapter 4 |
Health Facts® Nested case-control analysis (Study 3)
database Chapter 5

Nested case-control analyses (Study 4)

Discussion/
conclusions

Chapter 6

FIGURE 1-1. ORGANIZATION OF THE THESIS.
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The remaining three studies are based on the analysis of electronic medical records derived from
Health Facts®. Chapter 3 presents a study describing the trends of clopidogrel and PPl use in US
inpatient settings from 2000 to 2016. In addressing the second objective of the thesis, this study
examines the changes in trends in relation to the FDA safety warnings. Chapter 4 is a nested
case-control study that assesses the main association of interest of this thesis: the risk of adverse
cardiovascular events associated with concomitant clopidogrel and PPI treatment. The fourth
study, presented in Chapter 5, represents two case-control analyses similar in design to that of
Chapter 4; however, the potential risks are assessed in a cohort of prasugrel users and a cohort

of ticagrelor users (Objective 4).

| have presented each study in Chapters 2-5 in a manuscript format. The supplemental material
relevant to each chapter is found at the end of each respective chapter. Finally, in the general
discussion of this thesis, Chapter 6, | summarize the findings from the four studies and discuss
how they meet the thesis objectives. | further discuss how findings from the case-control
analyses in Chapters 4 and 5 can be used to examine the potential for confounding in the effect
estimates of the association between concomitant clopidogrel and PPI treatment and

cardiovascular events (Objective 5).
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CHAPTER 2

PREFACE

This chapter comprises the first manuscript from this thesis that addresses Objective 1. The purpose of
this study was to systematically summarize the findings available in the literature from studies that have
examined the associations between PPl use (alone and in combination with clopidogrel or other drugs)
and four adverse cardiovascular events, as well as to use meta-analytic methods to generate pooled

effect estimates when possible.

Supplemental material referenced throughout the manuscript is presented at the end of this chapter:
detailed search strategies (l), screening and extraction forms (Il and Ill), detailed characteristics of studies
(IV), reasons for exclusion of studies from the meta-analyses (V), and additional findings not presented in

the manuscript (VI, VII, VIl and IX).

Ethical approval for this study was obtained from the Ottawa Health Science Network Research Ethics

Board at the Ottawa Hospital, Ottawa, Canada (Appendix A).

The manuscript was submitted to Critical Reviews in Toxicology; it was recently accepted for publication

pending minor revisions (Appendix B).
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SYSTEMATIC REVIEW AND META-ANALYSIS OF ADVERSE CARDIOVASCULAR EVENTS ASSOCIATED
WITH PROTON PUMP INHIBITORS USED ALONE OR IN COMBINATION WITH ANTIPLATELET AGENTS

ABSTRACT

Background The potential association between major adverse cardiovascular events
(MACE) and concomitant treatment with proton pump inhibitors (PPlIs) and clopidogrel has
been debated since 2009. Recent reports, however, suggest that PPIs may increase the risk

of MACE independently of clopidogrel.

Purpose This review evaluates epidemiological findings relevant to the association

between PPls, taken alone or concomitantly with antiplatelets, and the risk of MACE.

Methods A systematic review and meta-analysis were conducted. Relevant studies were
identified from MEDLINE, EMBASE, and the Cochrane Central Register of Controlled Trials
and then screened. Included studies were categorized into three groups: Group A: PPIs vs
no PPIs; Group B: combined PPls and clopidogrel vs clopidogrel alone; Group C: combined
PPls and other drugs vs other drugs. Pooled risk ratios (RRs) were calculated for each

outcome of interest in each comparison group.

Results Of the 1,667 studies identified, 118 were included in the systematic review, of
which 66 were included in the meta-analyses. Among Group A observational studies, RRs
for MACE outcomes were statistically significant for some patient populations but not
others. Pooled RRs from Group A RCTs were not statistically significant for any outcome.
Pooled RRs for Group B observational studies were statistically significant for all-cause

mortality and MI, but were diminished in magnitude when pooling was restricted to
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propensity score matched studies or post-hoc analyses of RCTs. Group C studies did not

demonstrate an association with MACE.

Conclusions Findings do not consistently support an association between MACE and PPIs

when taken alone, or concomitantly with antiplatelets.

Keywords: Systematic review, meta-analysis, proton pump inhibitors, clopidogrel, platelet

aggregation inhibitors, cardiovascular diseases, myocardial infarction, drug interactions.

Word count: 11,933

2.1 INTRODUCTION

Proton pump inhibitors (PPls) are among the most widely used medications worldwide (Asim
Syed and Abbas Naqvi 2016). They are commonly prescribed for gastric acid-related disorders, as
well as for the prevention of gastrointestinal (Gl) bleeding in patients with acute coronary
syndrome (ACS) receiving antiplatelet treatment (Ogawa and Echizen 2010). Compared to H2
receptor antagonists (H2RAs), PPIs provide more effective relief of symptoms and a longer
duration of action (Owen et al. 2014). Though PPIs are considered to have an excellent safety
profile, recent studies suggest that their use by ACS patients receiving clopidogrel, a commonly
prescribed antiplatelet agent, may put them at an increased risk for adverse cardiovascular
events. In 2006, an observational study by Gilard et al. raised concern about a possible
interaction between omeprazole (a PPl) and clopidogrel that may attenuate clopidogrel’s

antiplatelet effect. The biological plausibility of this interaction is based on competitive
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inhibition, as both drugs depend on the activity of the cytochrome P450 system, specifically the
CYP2C19 enzyme. Gilard et al. (2008) also reported findings of an RCT that showed patients who
received omeprazole and clopidogrel had a higher platelet reactivity index compared to patients
that received clopidogrel and a placebo. Potential increases in major adverse cardiovascular
events (MACE) among clopidogrel users have been investigated and debated extensively,
particularly after warnings were first issued in 2009 by regulatory agencies regarding potential
risks of concomitant therapy (European Medicines Agency 2009; FDA 2009; Health Canada
2009). Despite the warnings issued, the use of PPls is still on the rise (Asim Syed and Abbas
Naqgvi 2016) and the question of whether the PPI-antiplatelet interaction has a meaningful
impact on clinical care remains unanswered. Moreover, an alternative hypothesis has recently
emerged, suggesting that patients receiving PPIs may be at an increased risk of cardiovascular
events regardless of concomitant clopidogrel treatment (Charlot et al. 2010; Ghebremariam et

al. 2013).

PPls have been available for over thirty years. In 1980, the first PPl, omeprazole, was introduced
to the market and was followed by five additional PPIs in subsequent years (Asim Syed and
Abbas Naqgvi 2016). Although PPIs are believed to have a good safety profile, a growing number
of studies identified in the literature suggest various adverse effects associated with their long-
term. These include hypomagnesaemia, bone fractures, vitamin B12 and iron deficiency, enteric

infections, and pneumonia (Reimer 2013).

A better understanding of PPIs’ potential to increase the risk of adverse cardiovascular events is

critical, as they are one of the most widely prescribed drugs worldwide. Given the large number
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of patients receiving these drugs, particularly patients with cardiovascular conditions requiring
concomitant treatment of PPIs with antiplatelet agents, even a minor increase in risk would
translate to a considerable number of potentially preventable adverse events. Although
numerous studies have focused on the combined treatment of clopidogrel-PPI among ACS
patients, relatively fewer studies have looked at the potential adverse cardiovascular effects of

PPls when taken alone or in combination with other drugs.

The purpose of this review was to evaluate the potential increased risk of adverse cardiovascular
events and all-cause mortality (ACM) from PPl use. To accomplish this objective, we performed a
systematic review and meta-analysis of epidemiological studies that assessed the potential effect
of PPIs, either alone or in combination with other drugs including clopidogrel, on major adverse

cardiovascular events and ACM.

2.2 METHODS

The protocol for this systematic review was approved by the Ottawa Health Science Network

Research Ethics Board at the Ottawa Hospital, Ottawa, Canada.

2.2.1  ELIGIBILITY CRITERIA

We included original epidemiological studies that assessed the association with at least one of
the outcomes of interest among patients receiving PPIs compared to patients not receiving PPIs
or to those receiving a placebo. Study participants were 18 years of age or older. Outcomes of
interest were: 1) ACM; 2) myocardial infarction (Ml); 3) cardiovascular mortality; and 4)

stroke/cerebrovascular accident. Studies that assessed composite outcomes of individual
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outcomes were excluded unless they reported findings on at least one of the outcomes of
interest. We included studies that were either non-randomised observational studies,
randomised controlled trials (RCTs) or post-hoc analyses of RCTs. Cross-sectional studies and
those published in languages other than English were excluded. There were no restrictions on

the date of publication.

2.2.2  SEARCH STRATEGY

We searched EMBASE, MEDLINE and Cochrane Central Register of Controlled Trials (CENTRAL)
for potentially relevant studies published up to October 2018. Specific search strategies were
developed for each database in consultation with a research librarian at the University of
Ottawa. The search strategies included a combination of medical subject headings (MESH) and
keywords defining the exposure and outcomes of interest (Supplemental Material I). We applied
search filters developed by the Scottish Intercollegiate Guidelines Network (SIGN) to exclude
irrelevant study designs. The reference lists of recent systematic reviews and the references of

the included articles were manually reviewed to identify additional relevant articles.

2.2.3  STUDY SELECTION

Two reviewers independently screened all studies identified in the bibliographic database
searches using a two-stage selection process. Customized screening forms were used to guide
the selection process (Supplemental Material Il). Titles and abstracts were screened in the first

stage. Full-text articles of potentially relevant studies were then retrieved and screened in the
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second stage. Disagreements between the reviewers were resolved through discussion following

the second stage screening.

Abstracts were included in the systematic review (but were not eligible for inclusion in the meta-
analysis) only when a corresponding full-text publication was not identified and if they had

reported quantitative findings relevant to the research question; otherwise they were excluded.

2.24  DATAEXTRACTION

One reviewer extracted data from the included studies using a customized form. Detailed information
was collected on the study design, patient characteristics, data source, methods, exposure and outcome

ascertainment, results, and strengths and limitations (Supplemental Material Ill).

During data extraction, the following statistical outcome measures were retrieved in order of
priority: 1) propensity score (PS) matched adjusted effect estimates, 2) maximally adjusted effect
estimates (if results of different models were reported with varying numbers confounders being
adjusted for), 3) unadjusted effect estimates, or 4) counts of events or event rates. The effect
estimates extracted included relative risks, odds ratios (ORs), or hazard ratios (HRs). Duplicate
extraction was performed on a 10% random sample of all included studies by the second
reviewer. Data extracted by both reviewers was cross-checked for inconsistencies. In instances
where additional data was needed beyond what was reported in the articles, the corresponding
authors were contacted once by email to obtain the information. For RCTs that did not report a
funding source, the clinicaltrials.gov database or other clinical trial registries reported in the
study were searched for this information. Distiller SR software (Evidence Partners) was used for

reference screening, data extraction and data management.
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225  DATA SYNTHESIS

Included studies were categorized into three groups based on the exposure being assessed (PPls
taken alone or in combination with other drugs) in order to allow comparability across findings.
Characteristics of included studies (location, setting, sample size and characteristics, exposure
and outcomes) as well as detailed findings (adjusted effects or counts/rates of events) were

summarized in tabular format classified by exposure and by outcome of interest.

Observational studies that reported adjusted effect estimates were considered for inclusion in
the meta-analyses. Observational studies that reported counts or proportions/rates of events
were included in the systematic review but not in the meta-analyses; findings from these studies,
which mainly consisted of raw counts/percentages of events, were summarized in tables. RCTs
that reported counts of events, however, were considered for inclusion in the meta-analysis.
Studies for which only an abstract was available were not eligible for inclusion in the meta-

analysis.

2.26  QUALITY ASSESSMENT/ RISK OF BIAS

The quality of non-randomised studies included in the meta-analyses was assessed using the
Newcastle-Ottawa Scale (NOS) (Wells et al. 2008), as recommended in the Cochrane Handbook
(Higgins and Green 2011). The NOS attributes a maximum of nine stars to studies based on
methodological design and formal reporting. These include the selection of participants, the
comparability of treatment groups, exposure ascertainment (for case-control studies), and
outcome ascertainment (for cohort studies). Post-hoc analyses of RCTs were also assessed for
quality using the NOS because PPl exposure is not randomized in such studies (Cardoso et al.
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2015). Like prior meta-analysis, we considered a NOS score of six or higher to represent a high
quality score for each study (Cardoso et al. 2015). RCTs were assessed for bias using the
Cochrane risk-of-bias tool (Higgins and Green 2011). This is a domain-based tool that assesses
the likelihood of bias from six potential sources (selection bias, performance bias, detection bias,
attrition bias, reporting bias and “other” sources of bias) by attributing to each domain a score of
“low risk, “high risk” or “unclear risk”. Based on findings reported in recent Cochrane reviews
(Lundh et al. 2012; Lundh et al. 2017), sources of other bias were assessed as “high risk” if the
study reported funding from industry or if the authors reported conflict of interest and financial
ties to industry. Publication bias was assessed by examining funnel plots generated by Review
Manager corresponding to meta-analyses comprised of ten or more studies based on guidelines

presented in the Cochrane Handbook (Higgins and Green 2011).

2.2.1  STATISTICAL ANALYSES

Findings for each outcome of interest within each exposure group were analysed separately.
Within each outcome, effects were pooled across patient populations with similar characteristics
or pre-existing conditions. Findings for a particular outcome that could not be combined with
other findings due to incomparable patient populations were excluded from the meta-analysis.
Adjusted effects estimates from observational studies were input directly in Review Manager
(The Cochrane Collaboration 2014). Relative risks, hazard rate ratios and odds ratios were
assumed approximately equal because of the rare endpoints assessed (Symons and Moore
2002). Summary effects (pooled risk ratios (RRs)) for each group were derived from individual

studies by a random effects model using the inverse variance method with 95% confidence
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intervals (DerSimonian and Laird 1986). For RCTs, counts of events in each exposure group of
RCTs with similar patient population for each outcome were pooled using fixed effects models.
In this case, counts of each outcome were input directly into Review Manager to calculate the
pooled effect estimate. In the case of observational studies, studies that that only reported
counts of events in each exposure group instead of adjusted effects were not eligible for
inclusion in the meta-analysis as this is not recommended in meta-analysis of non-randomized

studies (CIOMS 2016).

Subgroup analyses were conducted across observational studies by grouping post-hoc analyses
of RCTs and cohort studies that used PS matching versus the remaining cohort and case-control
studies, as previously performed in two recent systematic reviews (Kwok and Loke 2010;

Cardoso et al. 2015). Subgroup analyses were also conducted by PPl type when possible across

studies that stratified their findings by PPI type.

The I? statistic, a measure of the variability in effect estimates due to heterogeneity rather than
chance, was used to assess statistical differences amongst the pooled studies. I? values greater
than 75% represented considerable heterogeneity (Higgins and Green 2011). Forest plots were
also visually examined to identify overlaps between individual effect estimates and to assess

heterogeneity. All meta-analyses were performed in Review Manager, version 5.3.

2271 SENSITIVITY ANALYSES

Sensitivity analyses were conducted to assess the impact of funding source on the overall pooled

estimates. The funding source of each study was categorized as industry, public, non-profit or no
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funding, and not reported. Sensitivity analyses were also performed to assess the impact of the

potential risk of bias among RCTs when possible.

2.3  RESULTS

2.3.1  ELECTRONIC SEARCHES AND STUDY SELECTION

The electronic database searches identified 2,300 candidate references. After removing
duplicates, 1,677 proceeded to the title and abstract screening stage. Fourteen additional
references were identified by manually searching the reference lists of recent systematic reviews
identified in the first screening stage. After the two-stage screening process, 118 references
remained relevant for data extraction (Figure 2-1). Of these, 71 were either observational studies
that reported adjusted effect estimates or RCTs and were eligible for inclusion in the meta-
analysis. Exclusion at the second stage of screening was primarily due to either failure to meet

the inclusion criteria (87%), or duplicates of articles that were not previously identified (9%).

Reference screening was performed independently by two reviewers. The level of agreement
between both reviewers was measured by Cohen’s kappa, which is automatically calculated in
Distiller SR. Cohen’s kappa for whether or not to exclude a reference from Stage 1 to Stage 2
screening was 0.57, representing moderate agreement. At the end of Stage 2 screening, the
Cohen’s kappa for whether or not to exclude a study was 0.77, indicating substantial agreement.
Disagreements about study inclusion were resolved by discussion. Three authors were contacted
by email requesting important information that was not reported in the articles. Only one author

replied and no further attempts were made to contact the remaining authors.
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Included studies were categorized into three comparison groups based on the exposure being

assessed:

e Group A: Studies comparing PPl use vs non-use (61 studies);

e Group B: Studies comparing concomitant PPl and clopidogrel use vs clopidogrel alone
(many of these studies included patients on dual antiplatelet therapy (DAPT) that were

taking aspirin in addition to clopidogrel) (50 studies);

e Group C: Studies comparing the concomitant use of PPls and other antiplatelet agents

(other than clopidogrel) vs other antiplatelet agents alone (13 studies).

Studies could be included in more than one comparison group if they reported findings for

multiple relevant comparisons.

2.3.2  GROUP A (PPIUSE VS NON-USE)

2321 STUDY CHARACTERISTICS

Sixty one studies (40 observational studies and 21 RCTs) assessed the effect of PPl use versus
non-use and reported on at least one of the outcomes of interest. Characteristics of included
studies that reported on the effects of PPl use vs non-use are summarized in Table 2-1 (detailed

characteristics are presented in the Supplemental Material V).

Twenty one RCTs reported on the association between PPl use and at least one outcome of
interest. Seventeen studies were published after 1999, with the remaining studies published in

the 1990s. Sample sizes varied between 90 and 3,298 participants recruited from a range of one
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to 91 hospitals/health care centers. Omeprazole was the most common drug studied followed by
pantoprazole and esomeprazole. Only one study assessed the effect of lansoprazole. All studies
evaluated ACM as an outcome and four reported on Ml and stroke. Study follow-up periods
ranged from two weeks to three months after exposure. The study population in fifteen of these
RCTs were patients with a history of upper gastrointestinal bleeding (UGIB) requiring endoscopy.
Generally, these patients were randomized to receive either PPI treatment or a placebo
administered at regular intervals before undergoing endoscopic treatment. After successful
endoscopy, participants were generally prescribed PPls. Thus, the aim of the majority of these
studies was to study the effect of pre-endoscopic PPl treatment on rebleeding events and other
events, such as mortality or MI. In terms of study funding, six of the RCTs did not report their
funding source, five studies were funded by industry, and the remaining ten studies reported

receiving funding from non-profit or public sources.

Included observational studies were generally recently published. The majority of these studies
(n=36) were published after 2009 and the remaining four studies were published between 2000
and 2009. Thirty of the observational studies were retrospective cohort studies based on
analyses of large databases. The designs of the remaining studies were either prospective cohort
(n=7), nested case-control (n=3), or self-controlled case-series design (n=2). The patient
populations in Group A observational studies varied, with patients having conditions such as ACS,
end stage renal disease (ESRD), cirrhosis, gastrointestinal disorders, clostridium difficile infection
(CDI), pneumonia, or chronic obstructive pulmonary disease (COPD). In addition, some of the
studies focused on elderly and frail patients requiring daily assistance or critically ill patients

admitted to the intensive care unit. Sample sizes also varied substantially, ranging from 200 to
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over 250,000 patients. The mean age of the participants in most of Group A studies was above
60 years and ethnicity was generally not reported. Information on PPl exposure in the
observational studies of Group A were, in general, extracted from large databases including
electronic medical records (EMRs), prescription databases, insurance claims databases, hospital
records, registries and medical charts. Five studies collected the data at the time of hospital
admission by means of an interview or administration of questionnaires during and/or after
hospitalization. In most studies, the exposure was reported as PPls in general, without
mentioning the specific type of PPI. Each included study assessed at least one of the four
outcomes of interest, with follow-up periods ranging from one month up to 16 years.
Information on outcomes of interest was collected retrospectively from large databases
including electronic medical records, prescription records, claims databases and national death
registers in 16 of the studies. More than half of the observational studies (53%, n=21) reported
funding from public/non-profit sources, while five reported funding from industry, seven did not
report the funding source and the remaining seven studies reported that their study was not

funded.

2322 STUDY FINDINGS

23221 OBSERVATIONAL STUDIES

Quantitative findings extracted from Group A observational studies are summarized in Table 2-2.
Reported effect estimates were adjusted for a wide variety of variables including age, sex,
comorbidities, comorbidity indices, co-medications, as well as prior medical procedures. Several

studies further adjusted for geographical region and levels of certain blood markers. Findings
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from the meta-analysis for each outcome are presented below. Reasons for not including certain

studies in the meta-analysis are detailed for each study in Supplemental Material V.

ALL-CAUSE MORTALITY

Reported findings for ACM were pooled across four different patient populations. Pooled risk
ratios (RR) were 1.36 (95% Cl: 1.02-1.82) among frail patients requiring assisted living, 1.74 (95%
Cl: 1.05-2.90) among cirrhotic patients, 1.25 (95% Cl: 0.77-2.03) for patients with Ml or heart
failure, and 1.31 (95% Cl: 1.13-1.51) among patients with ESRD (Figure 2-2). There was a
considerable amount of heterogeneity in the subgroup of studies among cirrhotic patients
(12=79%), possibly a result of the variation in the variables adjusted and in the length of follow-
up. The follow-up durations varied between 1 month (Kwon et al. 2013) and up to five years
(Mandorfer et al. 2014). A high degree of heterogeneity was also observed in the subgroup of
four studies among Ml or heart failure patients (12=99%). Although these studies all had a follow-
up period of one year and adjusted for numerous potential cofounders, the study by Charlot et al
(2010), which reported a HR of 1.95 (95% Cl: 1.82—2.09), was the major contributor to the
heterogeneity observed. A meta-analysis restricted to the remaining three studies in this
subgroup resulted in a lower pooled RR of 0.97 (95% Cl: 0.89 - 1.06) and a substantially lower |2

(16%).

Eight studies were abstracts where a corresponding full-text publication could not be identified
(Taha et al. 2013; Antunes et al. 2016; Caffrey et al. 2016; Kwon et al. 2016; Bell et al. 2017; Bang
and Bendtsen 2018; Gardezi et al. 2018; Sehested et al. 2018) and were therefore excluded from

the meta-analyses. An additional seven studies reporting adjusted effect estimates (Myles et al.
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2009; Maggio et al. 2013; Chen et al. 2014; Im et al. 2014; Shih et al. 2014; Lee et al. 2015;
Bettinger et al. 2018) could not be included in the meta-analysis due to variations in the baseline
characteristics of the study populations (COPD, percutaneous endoscopic gastrostomy, elderly,
UGIB, pneumonia, and pyogenic liver disease). See Supplemental Material V for a list of the
studies excluded from the meta-analyses. Assuming these patient populations have substantially
different baseline event rates, it is not recommended to pool these studies (CIOMS, 2016).
Individual findings of these studies that were not included in the meta-analyses suggest a higher
risk of mortality with PPl use among COPD patients (Lee et al. 2015), elderly patients discharged
from acute care hospitals (Maggio et al. 2013), patients with pyogenic liver disease (Bettinger et
al. 2018) and PPl users in general (Shih et al. 2014). However, no significant associations were
reported with PPl use and ACM among patients with pneumonia (Myles et al. 2009) or patients
with UGIB (Taha et al. 2013). A possible association was concluded with PPl use among patients

with percutaneous endoscopic gastrostomy (Im et al. 2014).

MYOCARDIAL INFARCTION
A pooled risk ratio of 1.37 (95% ClI: 1.05-1.80) was obtained based on five studies among ACS

patients (Figure 2-3), with considerably high heterogeneity between the studies (1°=93%). The
pooled RR is suggestive of a significant association between PPl use and M. In two of these
studies, however, the authors attribute the positive findings to unmeasured confounding

(Charlot et al. 2010; Juurlink et al. 2013).

A meta-analysis of four studies among GERD patients (Figure 2-3) suggested a lack of association

between PPl use and MI (RR 1.16, 95% Cl: 0.84-1.59).

26| Page



CHAPTER 2

STROKE

Five studies reporting on the stroke outcome among the general population and among ACS
patients were included in a meta-analysis (Figure 2-4). The RR for PPl use vs non-use among the
general population pooled across two studies was RR=1.21 (95% Cl: 0.97-1.52), suggestive of an
increased risk. A study by Bell et al. (2017), in which only the abstract was identified and was
therefore not included in the meta-analysis, also reported a positive and significant association
between PPl use and stroke among the general population, with a follow up period up to 12

years (aHR 1.49; 95% Cl: 1.35-1.65).

On the other hand, a statistically significant and positive pooled RR of 1.36 (95% Cl: 1.19-1.56)
was obtained among patients with ACS after pooling two studies. However, one of these studies
was a large cohort study Charlot et al. (2010) contributing to 99.7% to the pooled RR relative to

the second included study by Simon et al. (2011).

The remaining that assessed the stroke outcome but were not included in the meta-analyses
reported positive associations between PPl use and stroke among patients with ESRD (Chen et al.

2014) and with UGIB (Sehested et al. 2018).

CARDIOVASCULAR MORTALITY

Four studies reported adjusted effect estimates but could not be pooled due to different patient
populations (Charlot et al. 2010; Arana et al. 2015; Shah et al. 2015; de Francisco et al. 2018).
Quantitative findings from these studies, which are all suggestive of a positive association

between PPl use and cardiovascular mortality are summarized in Table 2-2.
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2323  RCTS
Fifteen of the 21 RCTs that reported findings on ACM as an adverse effect of PPI treatment

(compared to placebo) in patients with upper gastrointestinal bleeding (UGIB) were pooled in a
meta-analysis. The pooled RR was 0.94 (95% Cl: 0.72-1.22), suggesting no increased risk in
mortality among UGIB patients treated with PPIs compared to patients that received a placebo
(Figure 2-5). Heterogeneity among these studies was low (1= 7%). Mortality was evaluated as in-
hospital mortality with follow-up periods up to 40 days. Further, findings from two studies
among critically ill patients with a 3-month follow-up period were pooled; the RR was 1.04 (95%
Cl: 0.93-1.14). One of the studies in this meta-analysis, which had no apparent sources of bias in
the ROB scoring, contributed 94.5% to the pooled RR (Krag et al. 2018). The ROB ratings for the

RCTs reporting on ACM in Group A are displayed in Figure 2-5.

Four studies that reported on ACM could not be pooled due differences in patient population
(Gao et al. 2009; Liu et al. 2013; Leung et al. 2018) or the presence of the abstract only (Nikcevic

et al. 2011). Quantitative findings from these studies are summarized in Table 2-3.

Three studies were included in a meta-analysis for the Ml outcome among patients with UGIB
(Figure 2-6). I for heterogeneity was 0%, and the pooled RR was 0.88 (95% Cl: 0.49-1.58). One
RCT evaluated the number of stroke events among UGIB patients that had received omeprazole
compared to placebo and reported no difference between the two groups (Hasselgren et al.

1997).
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SENSITIVITY ANALYSES

A sensitivity analyses was performed on the funding source of Group A RCTs that assessed the
risk of ACM among patients with UGIB. Although the RRs stratified by funding source were not
statistically significant, the RR among the industry-sponsored (RR 1.10; 95% Cl: 0.75-1.60) was
higher than the RR among studies that were funded from public or non-profit sources (RR 0.73;
95% Cl: 0.44-1.23) and studies that did not report their source of funding (RR 0.78; 95% Cl: 0.37-

1.66).

A sensitivity analysis was also carried out to assess the impact of risk of bias among RCTs.
Comparing the pooled RR from studies that had no domains with “high risk” of bias (RR 0.88;
95% Cl: 0.50-1.54) to the RR from studies that had one or more domains with “high risk” of bias
(RR 0.94; 95% Cl: 0.68-1.31), the overlap in the confidence intervals do not suggest funding has
an effect on the study outcome. Forest plots for these sensitivity analyses are presented in

Supplemental Material VI.

2.3.3  GROUP B (PPIS/CLOPIDOGREL VS CLOPIDOGREL)

2331 STUDY CHARACTERISTICS

Fifty studies were identified that compared the outcomes of interest among patients co-
prescribed clopidogrel and PPIs to users prescribed only clopidogrel (Table 2-4). Ninety four
percent of these studies were observational studies (n=47), of which 32 were retrospective
cohort studies. All studies in this group were published after 2009. Since these studies included
clopidogrel users, all participants had some form of ACS at entry; this included conditions such as

prior Ml or stroke, percutaneous coronary intervention (PCl), or a prior stent placement. Thirty
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percent of these studies collected exposure information from prescription databases (either
claims or national registries), followed by 16% that used hospital discharge databases. The
remaining studies reported using pharmacy records, EMRs, medical chart abstraction, or
prospective data collection through telephone or personal interviews. The retrospective cohort
studies included a wide range of cohort sizes that varied between 300 patients and over 56,000
patients. The mean age of participants was over 60 years in all the studies that reported age
distribution. Approximately half of the observational studies reported public or non-profit
sources of funding, while a third did not report on their funding source. Five studies reported

funding from industry and five studies reported not receiving any financial support.

The three RCTs in this group reported on the risk of one of the targeted outcomes with
concomitant clopidogrel/PPI treatment compared to treatment with clopidogrel (Table 2-4). The
study by Bhatt et al. (2010), conducted in 15 countries, is commonly cited as the only double-
blind RCT that was designed to assess MACE endpoints as primary outcomes among clopidogrel
users randomized to PPl (omeprazole) or placebo. The authors reported their findings on the
3,761 participants that were recruited before the study was terminated due to loss of funding
from the sponsor (Bhatt et al. 2010). The sample included elderly males and females, with
Caucasians predominating the sample (94%). The follow-up period for the MACE endpoints was
six months. The second RCT was a six-month open label trial conducted in Taiwan and assessed
the effect of esomeprazole among clopidogrel users with atherosclerosis and a history of peptic
ulcers (Hsu et al. 2011). The study included 165 elderly men and women. Although the primary
endpoint was the occurrence of ulcers, cardiovascular events confirmed by an independent

committee were included as secondary endpoints. The third RCT in this group was carried out at
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three cardiology centers among ACS patients with a high risk for UGIB that were receiving
clopidogrel (Wu et al. 2011). This study consisted of 665 participants randomized to receive
either pantoprazole or placebo. The primary endpoint was gastrointestinal bleeding, but ACM
was also evaluated after a follow-up period of one month. Information on 30-day mortality was
collected from medical records or from the patient’s family. Study participants were mostly

above 75 years of age and predominantly male (70%).

2332 STUDY FINDINGS

23321 OBSERVATIONAL STUDIES

Thirty-eight of the included Group B observational studies reported adjusted effect estimates
comparing the concomitant clopidogrel/PPI use vs clopidogrel use; these studies were eligible
for inclusion in the meta-analyses. Many of the studies reported on more than one outcome of
interest. In general, the majority of these studies reported on ACM (n=27 or 71%) while 23
studies (6%) reported on Ml as an individual outcome. All studies included patients that had ACS

including a prior Ml or a stent placement or PCl procedure (Table 2-5).

ALL-CAUSE MORTALITY

Figure 2-7 presents the meta-analysis for ACM among Group B observational studies. Within this
meta-analysis, the pooled RR for the subgroup of studies that are case-control or cohort studies
was 1.26 (95% Cl: 1.11-1.42), suggestive an increased risk of ACM with PPl use among
clopidogrel users. However, the pooled RR for the subgroup of studies that are post-hoc analyses
of RCTs or PS matched studies was slightly lower (RR 1.17, 95% Cl: 0.82-1.67). There was

substantial amount of heterogeneity among studies in both subgroups.

31|Page



CHAPTER 2

MYOCARDIAL INFARCTION
The RR for the subgroup of case-control or cohort studies was 1.23 (1.04-1.47), whereas the RR

for PS matched studies and post-hoc analyses of RCTs was lower (RR 1.15, 95% CI: 1.00-1.32)
(Figure 2-8). While substantive heterogeneity was found among the cohort and case-control
studies (1?=82%), the subgroup of PS matched studies and post-hoc analyses of RCTs showed less

heterogeneity (1°=37%).

Subgroup analyses were performed for specific types of PPIs for the Ml outcome in Group B for
esomeprazole (n=2), pantoprazole (n=3) and omeprazole (n=3) (Supplemental Material VI). The
pooled RR for omeprazole (RR 0.97, 95% Cl: 0.76-1.22) was lower than the pooled RR for
esomeprazole (RR 1.18, 95% Cl: 0.83-1.68) and pantoprazole (RR 1.18, 95% Cl: 0.72-1.95);
however, there was substantial overlap in the confidence intervals of the three pooled estimates

suggesting they are similar.

CARDIOVASCULAR MORTALITY

A similar trend was observed for this outcome, with a significant and positive RR among case-
control and cohort studies (RR 1.21; 95% Cl: 1.09-1.34), and a slightly lower RR among studies
that had PS matched design or post-hoc analyses of RCTs (RR 1.17; 95% Cl: 0.80-1.71) (Figure 2-
9). The cohort and case-control studies did not show any heterogeneity (12=0%), while the latter

subgroup studies had substantial heterogeneity (1=85%).

STROKE

Seven Group B studies that reported on the association between concomitant treatment and the

risk of stroke were pooled together (Figure 2-10). The pooled risk ratio for the subgroup of case-
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control or cohort studies was 1.05 (95% CI: 0.85-1.29), whereas the higher RR for the subgroup
of two PS matched cohort studies was suggestive of an association with stroke (RR 1.75, 95% Cl:
1.45-2.11). The latter subgroup analyses included the study by Charlot et al (2010), in which the
authors reported positive associations for MACE endpoints but attributed their findings to the

presence of confounding.

SENSITIVITY ANALYSES

Sensitivity analyses were feasible among observational studies of Group B for source of study
funding. Among the studies that assessed Ml and ACM outcomes, the point estimates of the RR
for industry sponsored studies were generally higher than those corresponding to non-profit or
public funding sources or studies that did not report their funding sources (Supplemental
Material VI). This trend was not observed among studies that assessed cardiovascular mortality
and stroke, which involved considerably fewer studies compared to the remaining endpoints of

interest.

Sensitivity analysis exploring the effect of NOS quality on the pooled estimates was planned.
However, all the observational studies included in the meta-analysis were classified to have good
quality (NOS >6), and further exploration of the effect of quality was not feasible. Quality scores
of observational studies included in the meta-analyses are presented in Supplemental Material

VII.

2333  RCTS

Findings from the three RCTs in Group B could not be pooled due to differences among patients’

indications for PPl treatment. The Clopidogrel and the Optimization of Gastrointestinal Events
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Trial (COGENT) by Bhatt et al (2010) assessed all four outcomes of interest among ACS patients
and concluded that there was no association between concomitant clopidogrel/omeprazole
treatment and MACE. The difference in event rates across the comparison groups was not
statistically significant for either outcome. The remaining two studies also concluded that there
was no association between pantoprazole and ACM (Wu et al. 2011) and esomeprazole and
MACE (Hsu et al. 2011). Detailed quantitative findings from these studies are summarized in

Table 2-6.

2.34  GROUP C (PPI/OTHER ANTIPLATELET VS ANTIPLATELET)

2341 STUDY CHARACTERISTICS

Five observational studies and eight RCTs assessed the MACE risk of PPIs in combination with
antiplatelet agents other than clopidogrel (Table 2-7). The study populations in the observational
studies consisted of ACS patients, with mean ages over 60 years, and sample sizes greater than
9,000 individuals. Exposure to PPIs was assessed differently in the studies, such as self-reports at
study entry, the use of prescription claims or hospital pharmacy data. Each observational study
in this group reported on at least two outcomes of interest, with follow-up periods ranging from

one to three years.

The RCTs in this group assessed the effect of esomeprazole, omeprazole or lansoprazole with at
least one of the outcomes of interest among users of various drugs including naproxen,
celecoxib, aspirin or ethanol injections (Table 2-7). These studies were published from 2000 and
onwards. Participating hospitals/centers in the studies varied between one and 240 centers, with

sample sizes ranging between 123 and 2,426 patients. Participants included male and female
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patients with mean ages over 60 years, treated for either peptic ulcers or Gl bleeding. Follow up
periods for the reported outcomes varied between 1 month and over one year. Five of the eight

RCTs reported receiving funding from pharmaceutical companies.

2342 STUDY FINDINGS

23421 OBSERVATIONAL STUDIES

Five Group C observational studies evaluated the effect of concomitant PPl use with other
antiplatelet agent (ticagrelor, prasugrel or aspirin) compared to the antiplatelet agent alone. A
meta-analysis was only feasible for the ACM outcome, which included two studies among
ticagrelor users (Figure 2-11). The pooled RR was 1.11 (95% Cl: 0.89-1.39), a result dominated by
the much larger study of Goodman et al. (2012) as compared to Yan et al. (2016). The study by
Goodman et al (2012), a post-hoc analysis of the PLATO trial (Platelet Inhibition and Patient
Outcomes trial), also reported a lack of association between PPl use and both Ml and
cardiovascular mortality in ticagrelor users (Table 2-8). In an additional analysis in this study, the
authors compared the effect of PPIs among clopidogrel users; PP| use was reported to be
associated with a higher rate of the composite outcome of cardiovascular death, Ml or stroke.
The authors suggest that the association may be due to confounding because similar
associations were obtained when examining the effect of other gastric protection treatment
among ticagrelor users. The authors concluded that PPl can be seen as a marker for, rather than
a cause of, cardiovascular events. Charlot et al (2011) looked at PPl use among aspirin users and

reported positive and statistically significant results for cardiovascular mortality, ACM, and Ml
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using PS matching statistical methods. The authors concluded that the observed association

requires further investigation.

O’Donoghue et al. (2009) evaluated the endpoints among ACS patients on PPIs and prasugrel
compared to users of prasugrel alone. Findings suggest a lack of association with M|, ACM and
cardiovascular mortality. This study also assessed the effect of PPls among clopidogrel users and
reported no association with cardiovascular outcomes. For the Ml outcome, results were

reported by specific types of PPIs, suggesting a lack of an association (Table 2-8).

23422  RCTS

RCTs in this group evaluated the effect of PPIs among patients receiving naproxen, aspirin, and
celecoxib; all studies reported no statistically significant difference between PPls users and
nonusers across the four outcomes assessed (Table 2-9) (Sofia et al. 2000; Lai et al. 2002; Chan
et al. 2007; Yeomans et al. 2008; Scheiman et al. 2011; Angiolillo et al. 2014; Sugano et al. 2014;

Whellan et al. 2014).

Meta-analyses were feasible for studies assessing the outcomes among aspirin users. Pooled RRs
suggested no increase in risk with PPl use compared to non-use. The pooled RR for ACM
associated with PPl use vs non-use among aspirin users was 1.09 (95% CI: 0.06-19.90) (Figure 2-

12), while the pooled RR for Ml was 0.69 (95% Cl: 0.07-6.45) (Figure 2-13).

2.35  OBSERVATIONAL STUDIES ONLY REPORTING COUNTS/RATES OF EVENTS

Findings were extracted from observational studies that did not report adjusted effects
estimates but included counts/rates of events for outcomes of interest. These studies were not
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eligible for inclusion in the meta-analysis but were included in the systematic review since they
could contribute information -although limited- that is relevant to the research question of this
review. Findings are summarized below qualitatively and extracted quantitative findings are

presented in Supplemental Material VIII.

Six Group A studies reported counts of ACM among PPl users and nonusers. Higher mortality
rates were reported among CDI patients within 90 days follow up (Freedberg et al. 2013) and
elderly women (mean follow-up of 6.6 years). Haider et al. (2012) reported higher in-hospital
mortality among CDI patients that received PPls, but not when considering a longer follow up of
90 days. Among UGIB patients, two studies reported no difference in ACM between PP users

and nonusers (Keyvani et al. 2006; Win et al. 2010; Gardezi et al. 2018).

One Group A study assessed other outcomes of interest among PCl patients and reported no
increased risk of cardiovascular events when comparing PPl users vs nonusers (Chitose et al.

2012).

Findings of Group B studies that reported counts of events were generally inconsistent. Four
studies among patients with cardiovascular disease reported that there was no difference ACM
between the comparison groups (Hudzik et al. 2010; Burkard et al. 2012; Galante et al. 2012,
Depta et al. 2015). On the other hand, three studies reported that there was an association
between the concomitant use of clopidogrel and PPIs with ACM (Chan et al. 2007; Gaglia et al.
2010; Munoz-Torrero et al. 2011). As for cardiovascular mortality, it was not found to be
associated with concomitant PPl/clopidogrel treatment in three studies (Hokimoto and Ogawa
2010; Chitose et al. 2012; Yi et al. 2018).
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Eight Group B studies reported on the number of Ml events among concomitant PPl/clopidogrel
users and clopidogrel users. An increased risk of M| was reported in two studies (Munoz-Torrero
et al. 2011; Bhurke et al. 2012), while four studies reported no statistical difference between the
two groups (Gaglia et al. 2010; Hokimoto and Ogawa 2010; Chitose et al. 2012; Yi et al. 2018).
Further, a possible association between concomitant treatment and Ml was reported by Ulhaq et

al. (2011) and Hudzik et al. (2010).

Five Group B studies that examined the effect of PP| use on the rate of stroke events among
clopidogrel users reported differences that were not statistically different between the groups
(Hokimoto and Ogawa 2010; Hudzik et al. 2010; Chitose et al. 2012; Depta et al. 2015; Yi et al.
2018). Only one study concluded that there was an association between concomitant use of PPIs
and clopidogrel with Ml among patients with established arterial disease (Munoz-Torrero et al.

2011).

Kimura et al. (2011) reported on all four outcomes of interest among PCl patients that were
receiving ticlopidine and aspirin (Group C). A possible association between PPls and MACE was
reported by the authors based on statistically significant differences between PPl users and
nonusers for cardiovascular mortality, ACM, and MI. The difference in stroke events between the

comparison groups, however, was not statistically significant.

2.4 DISCUSSION

The aim of this paper was to systematically review and summarize published findings from the

literature that examine the effect of PPls on adverse cardiovascular events. The quantity and
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weight of the evidence examined varied substantially across the three comparison groups
evaluated. There were numerous studies looking at the effect of PPIs vs no PPIs among specific
patient populations (Group A) as well as the effect of concomitant PPI/clopidogrel treatment vs
clopidogrel treatment among ACS patients (Group B). On the other hand, studies examining the
effect of PPl treatment combined with other drugs, mainly antiplatelet agents other than
clopidogrel, were fewer in number (Group C). Findings for each outcome of interest from studies
in Group A and Group B studies were pooled from two or more studies among similar patient
populations. Group B studies consisted of ACS patients and findings were divided into subgroups
based on study design characteristics when possible, to allow comparisons with previously

published meta-analyses on this topic.

24.1  GROUP A (PPIVS NO PPI)

The suggestion that PPIs are associated with an increased risk of cardiovascular events is
relatively recent, originally proposed as an alternative explanation to the modest positive
associations reported with concomitant PPl/clopidogrel treatment. Findings from this review
show that evidence in the literature on the association between PPIs and MACE is inconsistent.
Although the number of Group A studies combined for each outcome and patient population
was generally low (<5 studies per subgroup), pooled RRs from observational studies were mainly
positive for some individual outcomes among certain patient populations: 1) ACM: among frail
patients, cirrhotic patients and patients with ESRD; 2) MI: among patients with ACS; and 3)
stroke: among the general population. Statistical significance in the pooled RRs was not observed

among other patient populations, such as heart failure patients (for ACM outcome), GERD
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patients (for Ml outcome), and patients with ACS (for stroke outcome). Prior observational
studies that reported positive associations sometimes attributed their findings to the presence
of residual confounding, as in the positive associations reported among elderly frail patients who
are more vulnerable to infections and vascular complications (Teramura-Gronblad et al. 2012).
Juurlink et al. (2013) noted that an association of similar magnitude between MACE endpoints
and PPl use was also observed with H2RA use, which have similar indications to PPls but are not
suspected of causing adverse cardiac events; the authors suggested that the association with
PPls is either spurious or due to bias. On the other hand, Charlot et al. (2010) reported positive
associations for PPl use and MACE regardless of clopidogrel use; however, they dismissed
causality noting that their use of administrative registry data did not allow adjusting for
important risk factors such as BMI and smoking, which may introduced bias to their results.
Charlot et al. (2010) estimated that unmeasured confounders would have to increase the risk by
2.5 to 3 fold in order to explain their observed association between PPls and cardiovascular
events. Nevertheless, they suspect that the observed increased risk for cardiovascular events in
patients that received PPIs compared to those that did not receive PPIs in their study is due to

differences in baseline characteristics that could not be accounted for in their analysis.

Among Group A RCTs included in this review, the meta-analyses suggest lack of associations
between PPl use and the risk of Ml or ACM among UGIB patients and critically ill patients.
Sensitivity analyses among the studies assessing ACM showed that industry-sponsored studies
generally reported lower effects compared to studies that did not report their funding source or

those that received funding from public or non-profit sources.
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Heterogeneity was substantial among observational studies, likely due to variations in patient
characteristics, exposure assessment, outcome ascertainment and statistical analyses.
Heterogeneity among RCTs, however, was relatively low (1°<7%). The visual evaluation of the
funnel plots of the meta-analyses for ACM did not suggest the presence of publication bias

(Supplementary Material 1X).

Among the observational studies that did not report adjusted effect estimates (Supplemental
Material VIII), five of seven studies reported no statistical differences in the proportion of events
for MACE endpoints among PPl users and nonusers. Comparisons were based on raw counts of
events without any adjustment for potential confounders. Findings from these studies should be
looked at with caution, since the objectives of many of these reports were not directly relevant
to this review, and counts of adverse cardiovascular events or mortality were incidentally
reported. Therefore, in addition to the potential for confounding in these studies, they may also

be underpowered to detect significant differences in these outcomes.

A lack of association between PPls and mortality is supported in two systematic reviews.
Leontiadis et al. (2007) reported no significant effect of PPls on mortality in a review that looked
at the effectiveness of PPls for UGIB. Yu et al. (2016) examined the association between PPl use
and spontaneous bacterial peritonitis (SBP) incidence in a systematic review and also reported
no association with in-hospital mortality. However, two recent systematic reviews, each based
on five observational studies, reported an increased risk of cardiovascular events (Al-Shammari

et al. 2017; Shiraev and Bullen 2018) and of ACM (Shiraev and Bullen 2018) with PPl use. Both of
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these reviews did not include data from RCTs and recommended further studies are needed on

this topic.

2.4.2  GROUP B (PPI/CLOPIDOGREL VS CLOPIDOGREL)

The potential for PPIs to increase the risk of MACE among clopidogrel users with ACS has been
widely debated since 2009. Aside from the one high quality RCT examining this association, and
which reported no association (Bhatt et al. 2010), findings have come from observational
studies, with a wide range of designs, sample sizes and statistical methods. Findings presented in

this review show that the evidence in the literature is inconclusive.

In the present review, pooled estimates for ACM and for Ml were positive and statistically
significant when pooled across all included observational studies for each outcome. A positive
pooled RR was also obtained for the cardiovascular mortality endpoint, although it did not reach
statistical significance. However, when the findings were grouped by separating the post-hoc
analyses of RCTs and studies that used PS matching from the remaining observational studies,
point estimates were reduced for these three endpoints and were no longer statistically
significant in the case of ACM and cardiovascular mortality (Figures 2-7, 2-8 and 2-9). There was
also no suggestion of publication bias based on the visual examination of the funnel plots of the

meta-analyses that included ten or more studies (Supplementary Material 1X).

Similar patterns to those reported in this review were noted in two prior systematic reviews that
had employed comparable subgroup analyses. Kwok and Like (2010) reported that pooling

across PS matched or post-hoc analysis of RCTs showed no association in cardiovascular risk with
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PPls compared to the significant association seen across other observational studies. Using a
slightly different subgrouping approach, Cardoso et al (2015) reported positive and statistically
significant effects for ACM, Ml and stroke, across all studies. However, when they restricted their
analyses to studies that used PS matching and one RCT, which they referred to as studies “less
prone to selection bias”, the effect estimates were notably reduced (by as much as one third)
and were no longer statistically significant. Similarly, Siller-Matula et al (2010) reported
reductions in pooled effect estimates when the meta-analysis was restricted to RCTs and post-

hoc analyses of RCTs.

Possible reasons for these observations may be related to the data collection process in RCTs,
where adverse events are commonly adjudicated by independent committees; consequently,
outcome ascertainment may be more reliable in the data available for post-hoc analyses of RCTs
(Kwok and Loke 2010). Further, using propensity score matching in observational studies results
in better balance between treatment groups in the variables included to calculate the propensity
score for each patient (Joffe and Rosenbaum 1999; Seeger et al. 2007; Pattanayak et al. 2011).
Although PS matching can only lead to balance on known and measured confounders and thus
findings may still be subject to bias from unmeasured confounding, this method is powerful in
reducing selection bias (Morgan 2018). If pooling across findings from study designs that better
control for confounding and less prone to selection bias yielded non-significant effects, this may
indicate that the modest increases in risk from cohort and case-control studies are due to
residual confounding and not a result of a true association between concomitant PPI/clopidogrel

treatment and MACE. Such an argument would support the absence of a clinical impact of the
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drug-drug interaction between PPIs and clopidogrel, despite findings from laboratory studies

which support a biological interaction.

Conversely, for the stroke endpoint, the pooled estimate was statistically significant among two

PS matched studies, but not among the remaining five observational studies.

Some reviews have examined composite cardiovascular outcomes rather than individual
cardiovascular endpoints. Kwok et al (2013) reported that pooled effect estimates for individual
PPIs were significantly associated with MACE with ORs in the range of 1.24 to 1.41. The authors
also reported a significant association between PPIs and MACE independent of clopidogrel (OR
1.28; 95% Cl: 1.14-1.44). When analyses were restricted to two RCTs that assessed the
composite MACE outcome, pooled estimates were non-significant. The authors reported their
results to support a lack of association with concomitant clopidogrel and PPl treatment, and
considered the inconsistent evidence as suggestive of the presence of bias and confounding
leading to positive findings. On the other hand, a recent systematic review of 21 studies (Niu et
al. 2016) reported an increased risk of MACE with concomitant treatment relative to clopidogrel
alone (OR 1.42, 95% ClI: 1.30-1.55) among patients with coronary artery disease. The authors
defined MACE as a composite outcome consisting of cardiovascular death, nonfatal Ml, stroke,
stent thrombosis and revascularization. An increased risk was detected among all types of
individual PPIs except rabeprazole. Further, no statistical difference was reported between
subgroup analyses of randomized studies and observational studies. Reported limitations of the
review by Niu et al. (2016) include: 1) variation in the definition of MACE among studies; 2) the

substantial degree of heterogeneity among studies indicating there may be confounding among
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findings; and 3) the number of studies in some subgroup analyses was small. Moreover, findings
for MACE between prospective and retrospective studies were compared in a recent meta-
analysis (Focks et al. 2013). A lower OR was reported for the association between combined
clopidogrel/PPI treatment and risk of MACE in prospective studies (OR 1.13, 95% Cl 0.98-1.3)
relative to retrospective studies (OR 1.63, 95% Cl: 1.45-1.83). The authors concluded that
observational studies are prone to prescription bias as well as residual confounding due to

imbalances in baseline characteristics of the treatment groups.

Moreover, in a systematic review of 25 studies, Siller-Matula et al. (2010) concluded that there is
no increased risk of mortality, although there may be an increased risk of MACE (RR 1.29, 95% ClI:
1.15-1.45) and MI (RR 1.31, 95% CI: 1.12-1.53) with concomitant clopidogrel/PPI treatment. The
authors suggest that significant heterogeneity found among studies may indicate confounding.
Further, the authors pointed out that PPl users were generally older, had more comorbidities,
and were more likely to have had an Ml or heart failure prior to hospitalization, all of which are
factors associated with less favorable clinical outcomes. Their findings were unchanged when

stratified by different publication types, study quality and sample sizes.

In summary, systematic reviews assessing this potential association have arrived at inconsistent
conclusions. Findings suggest that pooling of observational studies sometimes yields positive
associations that are reduced when certain subgroup analysis are carried out. Many authors
have used this finding as support that modest positive associations are a result of confounding

inherent in observational research.
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2421 SENSITIVITY ANALYSES

There was no impact of the source of funding on pooled RRs. In this sensitivity analysis, studies
were grouped for each outcome depending on whether they reported funding by 1) industry, 2)
public or non-profit organisations, or 3) whether the source was not reported. This sensitivity
analysis was motivated by the recent reviews reporting that drug trials financed by
pharmaceutical companies are more likely to report conclusions that are favorable for the drug
manufacturer compared to when trials are financed from other sources (Schott et al. 2010;

Lundh et al. 2012; Lundh et al. 2017).

24.3  GROUP C (PPI/OTHER ANTIPLATELET VS ANTIPLATELET)

Group C studies were less represented in our meta-analyses than were Group A and B studies
because of the smaller number of such studies and the requirement for adjusted effect
estimates for meta-analyses. Among studies in this group, the risk of adverse cardiovascular
events with PPl use was assessed in patients receiving antiplatelet agents other than clopidogrel,
namely aspirin, ticagrelor and prasugrel. Pooling of two studies, a post-hoc analysis of the PLATO
trial (Goodman et al. 2012) and a retrospective analysis of the BleeMACS registry (Bleeding
complications in a Multicenter registry of patients discharged after an Acute Coronary
Syndrome) (Yan et al. 2016), did not suggest an association between PPl use and ACM among
patients receiving ticagrelor (Figure 2-11). Among prasugrel users, a post-hoc analyses of the
PRINCIPLE-TIMI 38 trial (O’Donoghue et al. 2009) also suggested that PPI use was not associated

with MACE.
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The association between PPl use and MACE among aspirin users was examined in several
studies. A retrospective PS matched analysis of administrative data in Denmark found an
increased risk across all four outcomes of interest associated with PPl use among aspirin users
that have had a first time Ml (Charlot et al. 2011). The authors speculated about a biological
mechanism, involving the potential for reduced gastric absorption of aspirin as a result of a
change in gastric pH in the presence of PPls. The authors also reported that no increase in risk
was detected with the use of H2RAs and aspirin and recommended further investigation of their
observation. Three RCTs also examined this association among patients receiving aspirin, where
pooling of findings suggested a lack of association between PPls and ACM (Yeomans et al. 2008;

Scheiman et al. 2011) and between PPls and MI (Yeomans et al. 2008; Whellan et al. 2014).

244  LIMITATIONS OF INDIVIDUAL STUDIES

Several limitations were common to individual studies included in the review. For example,
studies did not take into account patient adherence to the drug exposure being evaluated.
Exposure ascertainment was assessed in many of the retrospective studies based on database
information that included prescribed medications or pharmacy records that includes only
dispensed medications. Siller-Matula et al (2010) report that low compliance is more common in
observational studies compared to RCTs that are characterised by close monitoring of exposure.
They also suggest that strict adherence to antiplatelet treatments is less likely among patients
with gastric symptoms. An additional concern is that several PPIs (such as omeprazole and
lansoprazole) can be purchased without a prescription; as such, observational studies that do not

assess over the counter use of PPls may be subject to exposure misclassification. Although some
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prior studies, have reported that this is not likely to introduce bias; patients would have had to
pay to obtain it over the counter, whereas it would be less expensive through their insurance.
The likelihood of bias would vary from study to study depending on the database and

corresponding insurance policies.

The majority of studies assessing the association between concomitant PPl and clopidogrel
treatment in this review were observational studies, which are inherently prone to certain
biases. The main limitation reported in several of these observational studies was the potential
bias from residual confounding (Daskalopoulou et al. 2008; Myles et al. 2009; Oudit et al. 2011;
Kwon et al. 2013; Maggio et al. 2013; Chen et al. 2014; Mandorfer et al. 2014; Shih et al. 2014;
Dultz et al. 2015; Lee et al. 2015). Indeed, the issue of unmeasured confounders is important, as
many of the observational studies included in this review were based on analyses of large
databases of medical records; consequently, important information on MACE risk factors such as
smoking, obesity, alcohol consumption, family history of cardiovascular disease and other

variables was not available to the investigators.

Confounding by indication has been cited as a possible concern (Charlot et al. 2010; Valkhoff et
al. 2011; Kwok et al. 2013). Strom et al. (2006) describe confounding by indication as a form of
selection bias in observational studies, where “patients taking a particular medication are
selected in a fashion that makes them at unequal risk of the outcome under study”. In
observational studies, PPIs are not randomized to patients but are prescribed at the discretion of
the treating physician. Thus, patients receiving PPIs may have particular characteristics that

increase their baseline risk of experiencing a cardiovascular, leading to an imbalance in the
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baseline risk between PPl users and nonusers. For example, Dultz et al. (2015) indicated that
advanced liver disease was more common among PPl users, putting them at a higher risk for
death compared to nonusers. Similarly, Oudit et al. (2011) reported a higher prevalence of
anemia among PPl users which is associated with adverse effects in patients with heart failure.
Moreover, Focks et al. (2013) speculate whether doctors may be more likely to prescribe PPI to
patients with comorbidities compared to the healthier patients. The issue of protopathic bias
was noted by Juurlink et al. (2013), as a possible reasons for their observed increased risk of
cardiac events among PPl users. Protopathic bias occurs “when the drug is initiated in response
to the first symptoms of the diseases which is, at this point, undiagnosed” (Faillie 2015). For
example, patients presenting with abdominal pain, which may be a sign of MI, may be more
likely to receive a PPl prescription. These considerations have led several authors to suggest that
PPl use should be viewed as a marker for an increased risk of MACE rather than a cause

(Goodman et al. 2012; Focks et al. 2013; Cardoso et al. 2015).

2.4.5  BIOLOGICAL PLAUSIBILITY LINKING PPIS TO MACE

Investigating the biological mechanisms by which PPls may be linked to cardiovascular events is
relatively recent. Ghebremariam et al. (2013) suggested that PPIs have the potential to impair
vascular homeostasis. They proposed a biological mechanism where PPIs may inhibit the activity
of the enzyme dimethylarginine dimethylaminohydrolase (DDAH) that degrades asymmetrical
dimethyarginine (ADMA). As a result, higher levels of ADMA may lead to lower levels of nitric
oxide (NO), since ADMA is an inhibitor of nitric oxide (NO) synthase. Through a series

experiments in animals and ex-vivo human models, Ghebremariam et al. showed that PPIs can
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increase intracellular ADMA levels. The concern is that lower levels of NO have been suggested
to be associated with an increased risk for MACE (Rochette et al. 2013). The authors
acknowledge that their findings are to be used for hypothesis generation, and the potential for
PPIs to lead to adverse clinical effects should be further investigated. Other publications have
also suggested that increased ADMA levels may be associated with cardiovascular disease risk
factors, such as hypertension and hypercholesterolemia (Cooke 2004; Rochette et al. 2013). The
use of ADMA levels as a cardiovascular risk factor has also been suggested for prediction of
future MACE events and mortality in ESRD patients (Bdger & Zoccali 2003). Future investigations

may provide a clearer understanding on the association between PPls and ADMA.

The potential impact of ADMA levels has also been the subject of epidemiological studies. In a
cohort of healthy women, Leong et al. (2008) reported positive associations between ADMA
concentrations and cardiovascular mortality as well as Ml events, but not with ACM. Conversely,
in another prospective study among non-diabetics, associations between higher ADMA levels
and ACM were reported, but no associations were found with adverse cardiovascular events
(Boger et al. 2009). Further, Schillinger et al. (2007) reported a dose dependent effect of
pantoprazole in reducing cardiac contractility in vitro, although this finding was not found to
have any clinical relevance in a randomized cross-over trial among 18 healthy adults (Schillinger

et al. 2009).

Findings linking an interaction between clopidogrel and PPIs that could potentially lead to
adverse cardiovascular events are more common in the literature. Clopidogrel is a second-

generation thienopyridine taken as a prodrug. It is transformed into an active metabolite in the
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liver in a two-step process that is regulated by the cytochrome P450 (CYP) enzymatic pathway,
where the CYP2C19 enzyme has the major role (Mackenzie et al. 2010). Enzymes that are active
in both steps of clopidogrel activation are also important in the metabolism of many drugs
including PPls, possibly facilitating a drug-drug interaction by means of competitive inhibition.
The effectiveness of antiplatelet treatment is commonly assessed using platelet function tests
(Harrison and Mahaffey 2012). Earlier ex-vivo platelet aggregation studies using a variety of
platelet function tests have showed that clopidogrel’s antiplatelet effect is attenuated when it is
combined with PPls. Moreover, the reduction in clopidogrel’s antiplatelet effect as a result of
combining with PPls does not seem to apply to all the class of PPIs. For example,
pharmacodynamic studies have shown that omeprazole interacts with clopidogrel, whereas
pantoprazole does not affect platelet activity (Harrison and Mahaffey 2012). From a biological
perspective, this can be explained by the degree of dependency on the CYP2C19 metabolic
pathways for different types of PPls. Again, how this difference translates into clinical effects is

not clear based on epidemiological studies.

The relevance of ex-vivo findings as a surrogate for endpoints in the case combined treatment
with clopidogrel and PPIs was questioned in a recent systematic review. Focks et al (2013) report
that meta-analysis findings from laboratory studies support the presence of a pharmacological
interaction between clopidogrel and PPls in healthy volunteers, but that the findings are less

uniform among studies involving patients.

Biological interactions between PPls and other antiplatelet agents have also been examined in

the literature. In the case of aspirin, one hypothesis is that PPIs lead to an increase in the gastric
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pH which affects the solubility of aspirin and reduces its bioavailability (Hollander et al. 1981).
The effect of PPIs on gastric absorption has been demonstrated in rats, where omeprazole
resulted in reduced absorption and reduced bioavailability of aspirin (Giraud et al. 1997). Wrtz
et al. (2010) also reported that platelet aggregation was higher in aspirin treated patients taking
PPls compared to those not on PPIs. Despite this plausible biological pathway, several cross-over
studies have reported no differences in ex-vivo experiments measuring platelet aggregation or
aspirin plasma levels among patients on aspirin/PPl treatment compared to those on aspirin
alone (Ifiarrea et al. 2000; Chan et al. 2007; Adamopoulos et al. 2009; Andersson et al. 2012).
Although the number of epidemiological studies on aspirin is considerably less than those done
on clopidogrel, conflicting data exists between the presence of biological plausibility of an

interaction and the inconsistent findings in epidemiological studies.

Newer antiplatelet agents, prasugrel and ticagrelor, have different biological pathways that lead
to their antiplatelet action. Ticagrelor does not require biotransformation (Kalantzi et al. 2012)
and therefore does not have the potential for direct interaction with PPls through CYP450
enzymatic pathways. Prasugrel, on the other hand is a prodrug, and like clopidogrel, belongs to
the thienopyridine class. It must be activated in the body by CYP450 enzymes for its antiplatelet
benefits. However, its conversion to its active form is not substantially diminished by CYP
enzymes (Fayer Rehmel et al. 2006; Small et al. 2008; Norgard and DiNicolantonio 2013). In the
case of ticagrelor, there is no known biological plausibility that suggests a possible interaction
between PPls and ticagrelor. Since the role of CYP450 enzymes varies from the action of one
antiplatelet agent to another, it is important to compare the potential clinical impacts of

concomitant PPIs and clopidogrel, prasugrel and ticagrelor. Such analyses would allow making
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comparisons between concomitant treatments taking into account the biological plausibility
related to each drug. This may clarify the nature of the reported associations with clopidogrel
since pharmacodynamics and pharmacokinetic studies have suggested an interaction between

clopidogrel and PPIs.

246  STRENGTHS AND LIMITATIONS OF THE REVIEW

This comprehensive review sought to identify and summarize published evidence assessing the
potential cardiovascular and mortality risks associated with PPls. Adjusted effects estimates
reported in epidemiological studies were included in the meta-analysis. Findings were analysed
and presented for individual cardiovascular endpoints, but not for the composite MACE
outcome. MACE is commonly used in cardiovascular research as an important measure of the
overall impact of an intervention. Its use may also add statistical power to a study and reduce
the sample size required by ensuring that the outcome will have a large number of events (Kip et
al. 2008). However, there are some concerns with its use in systematic reviews. First, there is no
standard definition for MACE; individual outcomes combined to make this endpoint were found
to vary by study (Kip et al. 2008). For example, mortality was included in the MACE outcome in
some studies, but not in others, making it difficult to pool together MACE endpoints that had
been defined differently in individual studies. Second, conclusions arrived at by only considering
MACE endpoint may be misleading if the size of effect varies significantly across individual
endpoints and the number of events of the more important outcome is small. For example,
Ferreira-Gonzalez et al. (2007) argue that if a particular intervention was found to reduce MACE

consisting of cardiovascular deaths, Ml and revascularization procedures, then it may be
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misleading to readers if the majority of the events during the study were revascularization
procedures compared to deaths or Mls. Based on their systematic review, the authors concluded

that reporting individual endpoints is important for better interpretation of the effects.

Moreover, studies that did not report adjusted effects were excluded from the meta-analysis,
but findings were included in the systematic review. While counts of events - compared to
adjusted measures of association - provide limited evidence by, findings have been compiled and

tabulated for interested readers to review.

The main limitation of the pooled results presented in this review is that findings are largely
based on observational studies. Observational studies generally have a higher chance of
confounding when compared to RCTs, particularly due to the non-random assignment of PPIs to
patients. Although only adjusted effect estimates were pooled in the meta-analyses and all
studies were found to be of high quality, findings from observational studies still have the
potential for residual confounding. It is difficult to confirm that all of potential biases have been
accounted for in observational studies. Nonetheless, findings from such studies represent “real
world” data from participants on the medications. This is in contrast with RCTs, which typically
recruit patients that are generally healthier than patients that end up taking the study
medications in the real world. This is critical in the case of PPIs, which have been reported to be
taken by elderly patients usually having multiple comorbidities and being prescribed multiple
medications. Although many methods are used to account for confounding, Strom et al (2006)

suggests that when confounding by indication is likely present, it is difficult to control unless the
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severity of the underlying illness is reliably measured. Instead, studies that randomize exposure

may be necessary to arrive at a valid estimate of the true association (Strom et al. 2006).

Another limitation is the considerable heterogeneity among the observational studies. This is not
unusual in observational studies which include more variation in the methodology of study
design and execution studies compared to RCTs (CIOMS 2016). Much of the heterogeneity can
be attributed to differences between the studies, which include differences in patient
populations, variables adjusted for, follow-up periods, statistical analyses, and exposure and
outcome ascertainment. Further, including a relatively large number of individual studies in the
meta-analysis increases the power of the chi-squared statistical test to detect small amounts of
heterogeneity, which may be, in some cases, clinically insignificant (Higgins and Green 2011). In
order to incorporate heterogeneity in the meta-analyses of observational studies, random effect
modelling methods were used as recommended in the Cochrane Handbook (Higgins and Green

2011).

Group Cincluded fewer studies compared to Group A and Group B, which limited the number of

meta-analyses performed.

Despite the review’s limitations, the findings summarized here provide a comprehensive and up-
to-date synthesis of the potential cardiovascular risks of PPls alone and in combination with
other drugs. The present review also identifies the need for further well-designed studies
investigating the potential effects, particularly of PPIs alone and with antiplatelet agents other

than clopidogrel, while controlling for potential biases.
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2.5 CONCLUSIONS

Although findings from platelet aggregation studies support the presence of an interaction
between clopidogrel and PPIs at the cellular level, evidence of a clinical impact presented in this
review is not sufficiently strong to support a causal relationship. It is possible that the interaction
at the cellular level does not result in significant clinical effects. Rather, it may be that patients
who are prescribed PPIs have a higher burden of comorbidities and are consequently at
increased risk for adverse cardiovascular events. It is important to keep in mind that PPIs have
many benefits and are effective in reducing Gl bleeding among patients taking clopidogrel.
Further investigation is needed to determine whether reported associations are indeed causal,
and whether modest associations - if present - may be outweighed by the benefits that

combined treatment brings.

Findings from epidemiological and laboratory studies examining the harms associated with PPIs
independent of concomitant clopidogrel are still in the early stages. Experts in the field suggest
that the evidence is insufficient to warrant major changes in management of patients requiring
PPIs except for the careful assessment of the need for the medication (Schnoll-Sussman and Katz
2017). PPIs have many benefits, as they are clearly highly effective in managing gastric acid-
related disorders, even more effective than H2RAs. Although PPls have been linked to certain
conditions such as pneumonia, interstitial nephritis, bone fractures and Clostridium difficile
infections (Wurtz and Grove 2016), the studies examining their potential adverse effects on
cardiovascular endpoints are limited and reported findings warrant further research for a better

understanding of the potential association and to support risk-benefit analyses.
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Many authors have pointed to the need for a well-designed RCT on this topic to address the
issue of selection bias and unmeasured confounding which cannot be completely eliminated in
observational studies. The COGENT (Bhatt et al. 2010) provides randomized evidence of the
potential effects of combined PPl/clopidogrel treatment among ACS patients; subjects were
randomized to receive either clopidogrel alone or clopidogrel in combination with omeprazole.
The trial, however, was stopped before recruitment of the planned sample size due to lack of
funding and was therefore underpowered for adverse cardiovascular outcomes. An analysis on
the 3,873 patients included suggests that there was no evidence of an increased risk of
cardiovascular events or mortality with the combination treatment. Further, PPls were found to
significantly reduce upper Gl adverse events and bleeding (Bhatt et al. 2010). Juurlink (2011)
noted that the drugs given to the patients in this study had a unique formulation that allows for
the separate release of omeprazole and clopidogrel. This differs from the commercially available
omeprazole used in clinical settings and may have a role in attenuating the potential interaction
between the two drugs. The authors of COGENT argue that although the formulation was
different, the significant reduction in clinical Gl events indicates that omeprazole was adequately
absorbed (Bhatt et al. 2011). Nevertheless, the investigators did not dismiss the possibility of an

interaction, but reported that a clinically significant interaction is unlikely.

In conclusion, findings from this comprehensive systematic review and meta-analysis suggest
that currently available scientific evidence does not consistently support an increased risk of
cardiovascular events or mortality with the use of PPIs, whether taken alone and concomitantly
with clopidogrel or other antiplatelets. Some of the outcomes evaluated showed modest positive

associations in the meta-analyses of observational studies; however, these associations were
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reduced when limiting analysis to studies that were based on designs that may be more efficient
in controlling confounding. Further, pooled findings from RCTs comparing the effect of PPl use
compared to a placebo, among patients with UGIB, do not suggest an increased risk in MACE
outcomes. Although there is evidence for a pharmacodynamic and pharmacokinetic drug-drug
interaction, the clinical importance of this effect remains unclear. It is recommended that well
designed RCTs be developed to investigate the potential of PPls -alone or in combination with

other drugs- to lead to adverse events.
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