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SUMMARY

Background
Recent studies have suggested an adverse interaction between proton
pump inhibitors (PPI) and clopidogrel.

Aim
To perform a meta-analysis of cardiovascular outcomes and mortality
in patients taking clopidogrel, with and without concomitant PPIL.

Methods

We searched MEDLINE, EMBASE, Cochrane Controlled Trials Register in
October 2009, and checked conference abstracts for randomized and
nonrandomized studies that reported the risk of cardiovascular events
and mortality with PPI exposure in patients taking clopidogrel. We per-
formed random effects meta-analysis, stratified by study design and
assessed heterogeneity using the I* statistic.

Results

Our review included 23 studies covering 93 278 patients. There was sub-
stantial heterogeneity in the meta-analyses of major cardiovascular
events (19 studies, I = 79%) or myocardial infarction (12 studies,
I’ = 77%). Analysis of propensity-matched or randomized trial partici-
pants showed no associated cardiovascular risk with PPIs, whereas other
observational studies generally showed a significant association. Meta-
analysis of 13 studies showed no significant association between PPI use
and overall mortality (RR 1.09, 959% CI: 0.94-1.26, P = 0.23, I* = 60%%).

Conclusion
As there are conflicting and inconsistent data regarding the adverse
clopidogrel-PPI interaction, clinicians should focus on potential harm
from ulcers/haemorrhage before deciding to omit PPIs in patients taking
clopidogrel.
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INTRODUCTION

There is currently significant controversy regarding
cardiovascular (CV) adverse events arising from a
potential drug interaction with concomitant use of
clopidogrel and proton pump inhibitors (PPI).'> On
one hand, a number of recent commentaries from
experts in the field have argued that there is no evi-
dence that this potential drug interaction carries any
major clinical impact.* > In contrast, the US Food and
Drug Administration (FDA) recently issued an updated
statement cautioning against concomitant clopidogrel
and PPI use® and this stance appears to be shared by
some other researchers who believe that there is a
genuine clinical problem.”

Given that there has now been a rapid profusion of
diverse study designs reporting widely varying results,
it seems likely that different opinions may be formed
depending on the selection of studies that one has
access to. In this complex situation, an up-to-date sys-
tematic review of all currently available data may help
clarify things. Moreover, when data from many differ-
ent types of studies are available, the Cochrane
Adverse Methods Group recommends that such an
analysis can be usefully stratified according to type of
study design.? This is particularly important when the
risk or level of bias varies with the methods and
design used in particular studies.

As such, the aim of our meta-analysis was to deter-
mine the effect of concomitant PPIs and clopidogrel
use on CV outcomes and mortality, stratified by study
design.

METHODS

Eligibility criteria

We selected randomized-controlled trials (RCTs) and
controlled observational studies that reported on CV
adverse events and death in patients receiving clopido-
grel, with and without concomitant PPI exposure.

The specific inclusion criteria for RCTs were (i) par-
allel group randomized trial of any PPI for at least
30 days; (ii) placebo control arm; (iii) participants were
all receiving clopidogrel; and (iv) clear reporting of
CV outcomes and mortality.

For the observational studies, we selected case-con-

trol or controlled cohort (prospective or retrospective)
studies that evaluated the association of CV
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outcomes/mortality with concomitant clopidogrel and
any PPI exposure, as opposed to clopidogrel alone.

The clinical outcomes of interest were myocardial
infarction/acute coronary syndrome, all cause-mortal-
ity and a composite measure of major adverse cardio-
vascular event (MACE) consisting of adverse events
such as death or myocardial infarction or revasculari-
zation.

Search strategy

We searched MEDLINE, EMBASE and Cochrane Central
Register of Controlled Trials with no date limitations
in October 2009 using the broad search terms [(pro-
ton-pump-inhibitor and clopidogrel)] without any lan-
guage restriction. Additionally, we signed up with
PubMed to receive automated electronic notification
for any new articles containing the above search
terms. To identify unpublished studies, we checked
conference abstracts from the European Society of
Cardiology and the American Heart Association in
August and November 2009 respectively). We also
checked the bibliographies of included trials and
recent review articles for relevant studies.

Study selection and data extraction

Two reviewers (CSK and YKL) scanned all titles and
abstracts for studies that met the inclusion criteria,
and excluded any articles that clearly did not fulfil the
selection criteria. Full reports (where available) of
potentially relevant trials and studies were retrieved
and independently checked by two reviewers. We then
independently collected information on study design,
drug exposure, study location, characteristics of partic-
ipants and relevant outcomes onto a spreadsheet.
Where there was any uncertainty or discrepancies, the
article was discussed between the two reviewers to
determine if the studies should be included. We also
contacted authors if there were any areas that required
clarification.

Assessment of risk of bias

In accordance with the recommendations of the Coch-
rane Adverse Effects Methods Group, we looked at
participant selection, follow-up, ascertainment of
exposure, and definition and monitoring of adverse
outcomes.?
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We aimed to reduce the possibility of publication
bias through searches of conference abstracts and
contacting authors for any additional unreported
data.

Data analysis

We used RevMan 5.022 (Nordic Cochrane Centre,
Keobenhavn, Denmark) to estimate pooled risk ratio
(RRs) based on random effects model meta-analysis
(inverse variance method). We assumed similarity
between the RR and odds ratio (OR) because CV events
and deaths were uncommon events.’

Where possible, we chose to pool adjusted RRs from
the primary studies; otherwise, we used raw outcome
data to yield unadjusted RRs (which may be particu-
larly susceptible to confounding).

In view of the potential diversity of study designs,
we chose to stratify the analysis on the basis of three
groupings:

(i) Nonrandomized studies where we could only
evaluate the unadjusted RRs for the relevant outcomes,
with no correction for baseline differences or con-
founding.

(ii) Nonrandomized studies that presented RRs
adjusted for potential confounders.

(iii) Studies that involved participants who had been
part of a randomized trial, or studies where a propen-
sity scoring system had been used to match patient
groups. The use of a propensity score has been shown
to yield estimates that are closer to the true marginal

effect, which would have been found if a randomized
study was possible."°

Statistical heterogeneity

Statistical heterogeneity was assessed using I” statistic,
with. I* values of 30-60% representing a moderate
level of heterogeneity.''

RESULTS

The search results yielded 23 relevant studies with
93 278 patients and the process of selection is shown
in Figure 1. These comprised of 20 retrospective stud-
ies, two post hoc analyses of randomized trial partici-
pants and one prospective RCT.'”’>*  Main
characteristics of the included studies are described in
Table 1. The outcomes, interventions and quality
assessments of the included studies are shown in
Table 2.

As many of the included studies were presented in
abstract form, we found it difficult to assess methodo-
logical quality fully. A majority of studies were based
on registries of patients undergoing PCI, or were part
of a health insurance database/reimbursement scheme.
Database studies relied on prescription claims to ascer-
tain exposure, while outcomes commonly
assessed based on ICD-9 codes. Misclassification or
inconsistent recording of exposures and outcomes is a
possibility within such databases. In contrast, the few
studies that relied on data from trial participants

were

Articles retrieved from
Embase search (n = 344)

Articles retrieved from
PubMed search (n = 75)

Articles retrieved from
searching conference
abstracts (n=18)

Articles retrieved from
Cochrane register of
controlled trials (n = 6)

. .

!

Articles selected after Articles selected after
screening of title and screening of title and
abstract (n = 36) abstract (n = 60)

Articles selected after
screening of title and
abstract (n=2)

y y

|

Articles excluded after Articles excluded after
detailed screening to detailed screening to
specific criteria (n = 32) specific criteria (n = 55)
* Articles that were * Articles that were
comments or editorials comments, or editorials

(n=20) (n=30)
* Articles that were reviews * Articles that were reviews
(n=6) (n=6)

Articles excluded after
detailed screening to
specific criteria (n = 2)

* Article that did not
measure desired outcome
(n=2)

. .

l :

| 23 different articles selected for inclusion in the meta-analysis

Figure 1. Flow diagram of the process of article selection for meta-analysis.
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warfarin or single platelet therapy,

transferred to other hospitals
Patients with coronary stenting for

MI and mortality

N.S. N.S.

Post hoc analysis of 612

Zairis et al.>*

at 1 year

stable or unstable coronary disease

prospective cohort study

in Greece
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MACE, major adverse cardiac events; PCI, percutaneous coronary intervention; CV, cardiovascular; MI, myocardial infarction; ACS, acute coronary syndrome; PPI, pro-

ton pump inhibitor.

generally had more rigorous follow-up and predefined
ascertainment of CV events that included adjudication
by an independent committee.'* '>?? Four studies
used a propensity scoring method to try to match the
participants and reduce potential confound-
ing.ZO, 22, 25, 30

Twelve studies reported either myocardial infarction
or acute coronary syndrome events as an outcome
(Figure 2). There was a high degree of heterogeneity
(? = 77%) in the overall analysis. Unadjusted data
from observational studies gave the highest RR of 1.82
(95% CI: 0.90-3.70) that fell to an RR of 1.54 (95% CI:
1.23-1.92) with data adjusted for confounders and an
RR of 1.15 (95% CI: 0.89-1.48) based on propensity-
matched or trial participants.

Thirteen studies were included in the analysis of all-
cause mortality (Figure 3). The overall pooled result
was nonsignificant (RR 1.09, 95% CI: 0.94-1.26) with
some degree of heterogeneity of I = 60%. Similar to
the analysis of MI above, the pooled RR was highest
with the unadjusted observational data and lowest (RR
1.00, 95% CI: 0.94-1.26) with the propensity-matched
or trial participants.

Nineteen studies were included in the analysis of
MACE (Figure 4). Definitions of the composite end-
points within MACE varied considerably between stud-
ies and this may have accounted for the substantial
heterogeneity in the overall analysis, as illustrated by
the diverse pattern in the Forest plots (I* = 79%).
Again, data from propensity matched or trial partici-
pants gave the lowest pooled RR of 1.07 (95% CI:
0.90-1.28), whereas the adjusted observational data
yielded a pooled RR of 1.44 (95% CI: 1.24-1.67).

DISCUSSION

While the overall pooled estimates suggest that con-
comitant clopidogrel and PPI use may be associated
with adverse CV events and myocardial infarction, the
available evidence shows no effect on mortality.
Indeed, even when considering adverse CV outcomes
alone, the presence of significant heterogeneity indi-
cates that the evidence is at best, inconsistent, and at
worst, potentially biased or confounded, as illustrated
by the relative absence of any harm in the studies that
were either randomized or based on propensity score-
matched participants. For mortality and myocardial
infarction, the pooled effect size (for harm) steadily
diminished as we moved from RRs from crude raw
data to observational studies that adjusted for
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Risk Ratio Risk Ratio
Study or Subgroup Weight 1V, Random, 95% CI 1V, Random, 95% ClI
5.2.1 Unadjusted Observational Data
Pezella 2008 6.1% 4.29 [2.24, 8.23] —
Ramirez 2009 3.6% 0.85[0.32, 2.25] - 1
Sarafoff 2009 6.1% 1.76 [0.92, 3.38] T
Yasuda 2009 0.9% 7.35[0.78, 69.35] N —
Zairis 2008 6.5% 0.97 [0.52, 1.80] -1
Subtotal (95% CI) 23.1% 1.82 [0.90, 3.70] <‘
Heterogeneity: Tau? = 0.43; Chi2 = 14.46, df = 4 (P = 0.006); /2= 72%
Test for overall effect: Z=1.66 (P=0.10)
5.2.2 Observational Data Adjusted for Confounders
Hall 2009 12.5% 1.50[1.22, 1.84] -
Ho 2009 12.9% 1.86[1.57,2.20] -
Juurlink 2009 12.3% 1.27[1.03, 1.57] R
Subtotal (95% ClI) 37.7% 1.54[1.23, 1.92] ‘
Heterogeneity: Tauz = 0.03; Chi2 = 7.95, df = 2 (P = 0.02); /2= 75%
Test for overall effect: Z=3.76 (P = 0.0002)
5.2.3 Data from propensity-matched or trial participants
Bhatt 2009 8.2% 0.96 [0.59, 1.56] - T
O'Donoghue 2009 12.8% 0.98[0.82, 1.17] -
Rassen 2009 10.7% 1.22[0.89, 1.68] T
Stockl 2009 7.5% 1.92[1.12, 3.28] -
Subtotal (95% Cl) 39.1% 1.15[0.89, 1.48] ’
Heterogeneity: Tau? = 0.03; Chi2 = 6.36, df =3 (P =0.10); /2= 53%
Figure 2. Meta-analysis of Test for overall effect: Z=1.08 (P = 0.28)
myocardial infarction or acute
coronary syndrome with Total (95% Cl) 1000%  1.43[1.15,1.77] 3
clopidogrel and proton pump Heterogeneity: Tau? = 0.08; Chi = 48.39, df = 11 (P < 0.00001); I2=77% 50 ) 055 J ; 5’

inhibitor use.

confounders and then to participants from randomized
trials or propensity-matched studies.

There are a number of potential explanations for our
findings. One possibility is that the studies with the
greater risk of bias or confounding tend to yield larger
effect sizes for harm, whereas potentially higher qual-
ity studies (such as those with prespecified blinded out-
come ascertainment, or more uniform participant
selection/matching) have shown lesser evidence of
harm. The gradations in magnitude of risk, which may
depend on risk of bias, are apparent in the subcatego-
ries of study design within the Forest plots (Figures 2-
4). Alternatively, the heterogeneity may arise from the
populations studied, perhaps with varying distribution
of CYP2C19 genotypes that confer different susceptibil-
ities to the interaction. Given the considerable varia-
tions in type of PPI exposure among the studies, there
is also the possibility that the extent of interaction may
vary between individual PPIs and genotype of partici-
pants in particular populations, thus leading to hetero-
geneous results. Studies that used propensity matching,

Aliment Pharmacol Ther 31, 810-823
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Test for overall effect: Z=3.27 (P=0.001)

PPl safe PPI harmful

or recruited participants somewhat more uniformly
based on tight inclusion criteria from RCTs may have
been less susceptible to such confounding.*®

The results of the meta-analysis may reflect differ-
ences in patient selection amongst the studies. Patients
after percutaneous coronary intervention are a specific
high-risk group compared with those identified in
population-based studies using dispensing databases,
where patients may be on long-term clopidogrel ther-
apy for other reasons or have different CV risk factors.
While the only prospective randomized trial did not
show any evidence of a harmful interaction,'® this
does not exclude the possibility that certain patients in
real-life clinical practice could be susceptible to such
harm, as detected by some database studies.

Equally, statistical adjustment for confounding can
only account for known confounders. We noted clear
baseline differences in the studies between patients
exposed to PPIs as compared with those not receiving
PPIs and there may be other unknown confounders for
which adjustment cannot be made. We are aware of



820 C.S. KWOK and Y. K. LOKE

Risk Ratio

Study or Subgroup Weight 1V, Random, 95% CI

Risk Ratio

IV, Random, 95% CI

5.3.1 Unadjusted Observational Data

Ching 2009 3.2% 2.59[1.22,5.52] —_—
Ramirez 2009 1.8% 0.50[0.18, 1.42] T

Sarafoff 2009 2.5% 2.44[1.01,5.92] —*
Simon(b) 2009 9.0% 1.30[0.91, 1.85] T

Zairis 2008 2.6% 1.10[0.46, 2.61] ~
Subtotal (95% Cl) 19.1% 1.41[0.88, 2.26] “
Heterogeneity: Tau? = 0.14; Chi2 = 8.25, df = 4 (P = 0.08); /2 = 52%

Test for overall effect: Z=1.45 (P=0.15)

5.3.2 Observational Data Adjusted for Confounders

Gupta 2009 2.9% 1.20[0.53, 2.70] - 1

Hall 2009 16.2% 1.09 [0.97, 1.22] "

Ho 2009 15.4% 0.91[0.79, 1.05] -

Juurlink 2009 8.7% 0.82[0.57, 1.18] -

Sweeny 2009 13.3% 1.30[1.06, 1.60] T

Subtotal (95% CI) 56.5% 1.04[0.89, 1.22] ’

Heterogeneity: Tau? = 0.02; Chi2 = 10.19, df =4 (P =0.04); I2=61%
Test for overall effect: Z=0.53 (P = 0.59)

5.3.3 Data from propensity-matched or trial participants

Jarai 2009 7.8% 1.13[0.76, 1.69]
O'Donoghue 2009 9.2% 0.68 [0.48, 0.96] -

Rassen 2009 7.4% 1.36 [0.89, 2.07] T
Subtotal (95% Cl) 24.4% 1.00 [0.66, 1.53] > =

Heterogeneity: Tau?2 = 0.10; Chiz=7.11, df =2 (P=0.03); I2=72%
Test for overall effect: Z=0.00 (P = 1.00)
100.0%

Total (95% Cl) 1.09 [0.94, 1.26]

Figure 3. Meta-analysis of
overall mortality with clopido-

!
Heterogeneity: Tau? = 0.03; Chi?2 = 30.16, df = 12 (P = 0.003); /2 = 60% ! T
Test for overall effect: Z=1.11 (P =0.27)

0.2 0.5

PPI safe

two studies that carried out separate analysis of PPI
exposure in patients not taking clopidogrel'® '® and
this showed significantly elevated risk with PPI
(adjusted RRs of 1.55 and 1.38) compared with no
PPI, even in the absence of clopidogrel therapy. This
suggests either that there is residual confounding
despite adjustment for known covariates or that PPIs
have a deleterious effect irrespective of clopidogrel
exposure.

However, outcome ascertainment in certain study
settings may be more reliable, particularly regarding
patients enrolled in, or selected post hoc from random-
ized trials who were followed up according to prespeci-
fied protocols, with adjudication of adverse events by
independent safety monitoring boards. One large
observational registry that used rigorous outcome
ascertainment (contacting patients and their physicians,
checking with registry offices), as well as blinded inde-
pendent assessment of outcomes, also failed to show
any significant clopidogrel-PPI interaction on death or

grel and proton pump inhibi-

tor use.
PPI harmful

major adverse events.”””*® The wide variety of other
observational database or registry studies may have
relied on different methods of ascertaining CV events
that may have been coded differently and we do not
have sufficient information to judge the wvalidity of
such outcome data.

There are several limitations in this review. The
quality of the studies is generally poor as many of the
studies had some risk of bias, and we were only able
to identify one prospective randomized trial. There
was also significant heterogeneity of the pooled stud-
ies and this was particularly apparent when comparing
results from different designs. In view of this hetero-
geneity, we have chosen not to focus on the pooled
RR from the meta-analysis. As many of the studies
were available only in abstract form, we did not have
as much detail on the methods, actual drug exposure
and results, as compared with a fully peer-reviewed
journal publication. Moreover, definitions of MACE
were sometimes vague and varied considerably

Aliment Pharmacol Ther 31, 810-823
© 2010 Blackwell Publishing Ltd



META-ANALYSIS: CLOPIDOGREL AND PROTON PUMP INHIBITORS 821

Risk Ratio Risk Ratio
Study or Subgroup Weight 1V, Random, 95% CI 1V, Random, 95% ClI
5.1.1 Unadjusted Observational Data
Banerjee 2009 6.3% 1.55[1.11,2.17] T
Ramirez 2009 2.7% 0.68[0.34, 1.37] -
Simon 2009 8.0% 0.92[0.73, 1.16] B
Torguson 2009 7.8% 1.49[1.17,1.90] _'_
Subtotal (95% Cl) 24.8% 1.17[0.83, 1.63] ‘
Heterogeneity: Tau? = 0.08;Chi2 = 12.84, df = 3(P = 0.005); I12=77%
Test for overall effect: Z=0.90 (P = 0.37)
5.1.2 Observational Data Adjusted for Confounders
Ching 2009 4.3% 1.76 [1.08, 2.88] -
Gaspar 2009 41% 0.80[0.48, 1.33] - 1
Gupta 2009 3.5% 1.95[1.09, 3.49] -
Hall 2009 9.4% 1.64[1.42, 1.90] -
Ho 2009 9.8% 1.25[1.11, 1.41] -
Stanek 2009 10.2% 1.51[1.39, 1.64] -
Subtotal (95% Cl) 41.3% 1.44[1.24,1.67] ‘
Heterogeneity: Tau? = 0.02; Chi2 = 16.30, df = 5(P = 0.006); /2 = 69%
Test for overall effect: Z=4.83 (P < 0.00001)
5.1.3 Data from propensity-matched or trial participants
Bhatt 2009 5.5% 1.02[0.69, 1.51] -
Dunn 2008 4.5% 1.63[1.02, 2.63] —
Jarai 2009 7.3% 0.92[0.70, 1.21] T
O'Donoghue 2009 9.1% 0.94[0.80, 1.11] -
Rassen 2009 7.6% 1.26 [0.97, 1.63] —
Subtotal (95% Cl) 33.9% 1.07 [0.90, 1.28] ’
Heterogeneity: Tau? = 0.02; Chiz = 7.78, df = 4 (P=0.10); /2= 49%
Test for overall effect: Z=0.77 (P = 0.44)
Figure 4. Meta-analysis of
major adverse cardiac events Total (95% Cl) 100.0%  1.25[1.09, 1.42] ¢
with clopidogrel and proton Heterogeneity: Tauz = 0.04; Chi2 = 65.85, df = 14 (P < 0.00001); /2 = 79% : : : :
pump inhibitor use. Test for overall effect: Z=3.26 (P = 0.001) g'sl safe 08 ! PZPI harmfj

between studies, thus contributing to weaknesses in
assessing this outcome in contrast to the more robust
measure of overall mortality. When sufficient details
on PPI exposure and exact CV outcomes become
available in future, it may then be helpful to evaluate
the risk with individual PPIs and correlate this with
data on bioavailability and platelet aggregation. Publi-
cation bias was not formally assessed with a funnel
plot as asymmetry testing should only be carried out
when there is no significant heterogeneity.*® While we
took other steps to minimize publication bias by
searching through conference abstracts and trial regis-
ters for unpublished studies, we recognize that statisti-
cally significant findings are presented or published
earlier, whereas findings of no effect gradually emerge
later,>” which is why we chose to evaluate abstracts at
the most recent cardiology conferences about
12 months after the initial significant results had been
presented.

Aliment Pharmacol Ther 31, 810-823
© 2010 Blackwell Publishing Ltd

We believe that the ideal trial would randomize
patients on clopidogrel to different PPI, placebo or
H2RA and evaluate the risk of MI, death and other
prespecified adverse events such as gastrointestinal
bleeding. While awaiting further reports from the
COGENT trial® and any further new trials, we believe
that robust pharmacokinetic and pharmacodynamic
studies should be carried out on CYP2C10 genotyped
patients to check the biological basis of the interaction
with different PPIs and different intervals of drug
administration.

CONCLUSIONS

In conclusion, the findings of this meta-analysis sug-
gest that there is conflicting and inconsistent evidence
on the impact of the clopidogrel PPI interaction on CV
outcomes and certainly no evidence of any effect on
overall mortality. Clinicians should carefully weigh up
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the real dangers of an increase in gastrointestinal
haemorrhage events'? before routinely avoiding the
use of PPIs in patients taking clopidogrel.
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