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Trends in the coprescription of proton pump inhibitors
with clopidogrel: an ecological analysis
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Background: In early 2009, 2 observational studies and a US Food and Drug Administration (FDA) advisory addressed the drug
interaction between proton pump inhibitors (PPIs) and clopidogrel. One study suggested that pantoprazole could be used safely in
this setting, whereas the other study and the FDA advisory did not distinguish among PPIs. We examined trends in PPI prescribing
among clopidogrel recipients in the period following these events.

Methods: We conducted a population-based time series analysis of Ontario residents aged 66 years or older for whom clopidogrel
was prescribed between Apr. 1, 1999, and Sept. 30, 2013. We determined the proportion of clopidogrel recipients dispensed a PPI
during each quarter and the proportions who received pantoprazole or other PPIs. The outcome of interest was change in the use of
pantoprazole.

Results: In the final quarter of 2008, pantoprazole represented 23.7% of all PPI prescriptions dispensed to patients receiving clopi-
dogrel. Following the publications and FDA advisory in early 2009, pantoprazole use increased substantially. By the end of 2009, this
medication accounted for 52.5% of all PPI prescriptions issued to patients receiving clopidogrel; by the end of the study period, it
accounted for 71.0% of all PPI prescriptions dispensed to such patients (p < 0. 001). We also observed a modest drop in overall PPI
use among clopidogrel recipients beginning in early 2009.

Interpretation: In 2009, the prescribing of PPIs with clopidogrel changed substantially in Ontario, with pantoprazole rapidly becoming
the most commonly prescribed agent in its class. However, a modest decline in overall PPI use also occurred that may reflect subop-

timal translation of emerging drug safety information to clinical practice.

lopidogrel is a widely used drug for the treatment of
ischemic heart disease and stroke. As a prodrug, its
antiplatelet activity is partly dependent on conversion
to an active metabolite by cytochrome P450 isoenzyme
2C19.12 Over the past decade, several investigators have
explored the possibility that some proton pump inhibitors
(PPIs) — omeprazole in particular — might inhibit this pro-
cess, thereby attenuating the effect of clopidogrel. In 2006,
Gilard and colleagues® published the first report describing a
potential pharmacodynamic interaction between omeprazole
and clopidogrel, a finding that was subsequently confirmed by
others.*¢* However, in 2009, Cuisset and colleagues® showed
that the same phenomenon did not occur with pantoprazole,
an observation predicted by the fact that pantoprazole does
not inhibit cytochrome P450 isoenzyme 2C19.” This finding
was reaffirmed by several other groups,®*'? including Angio-
lillo and colleagues'” a in a randomized crossover study.
In early 2009, we published an observational study of the
clinical consequences of this drug interaction.”” We concluded
that, among patients who received clopidogrel following acute
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myocardial infarction, concomitant therapy with PPIs other
than pantoprazole was associated with an increased risk of
reinfarction. Five weeks after the online publication of our
study, a large observational study was published in which the
authors used different methods but reached a similar conclu-
sion.'* These findings were controversial; over the ensuing
2 years they were disputed by other investigators'*!7 including
Bhatt and colleagues,'” who found in a randomized controlled
trial that the combination of omeprazole and clopidogrel was
associated with a significantly lower risk of gastrointestinal
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hemorrhage and no increased risk of adverse cardiovascular
events. However, the trial’s intervention was a proprietary
product (CGT-2168) specifically formulated to avoid a phar-
macokinetic interaction between clopidogrel and omeprazole,
which precluded valid inference about the safety of the drug
combination."®

An important finding of our 2009 study was that, whereas
PPIs as a class were associated with an increased risk of recur-
rent myocardial infarction, pantoprazole was not. In the media
attention that accompanied our study, we emphasized that
patients need not avoid the concomitant use of PPIs with clopi-
dogrel when both drugs were necessary. Rather, when a PPI
was indicated, we suggested the preferential use of pantoprazole
on the basis of our findings, the known pharmacologic profile
of these drugs’ and the findings of Cuisset and colleagues.® In
contrast, an alert issued by the US Food and Drug Administra-
ton (FDA)'Y 2 days before our publication as well as the large
observational study'* published shortly after ours did not distin-
guish among the PPIs. Indeed, the FDA recommended that
“healthcare providers should re-evaluate the need for starting

or continuing treatment with a PPL ...”" Similarly, a Health
Canada advisory issued in August 2009%° did not distinguish
among PPIs.

In the current study, we examined trends in PPI prescrib-
ing among clopidogrel recipients in the period following these
events.

Setting

We conducted a population-based cross-sectional study involv-
ing Ontario residents aged 66 years or more for whom clopido-
grel was prescribed between Apr. 1, 1999, and Sept. 30, 2013.
These people had universal access to health care services and
prescription drug coverage.

Data sources

We identified prescriptions for PPIs and clopidogrel using
the Ontario Drug Benefit program database, which contains
comprehensive records of prescription medications dispensed
to Ontario residents 65 years of age or older. This database
has been shown to be of high validity, with little missing
data.’! Patient age was obtained from the Registered Persons
Database, which contains demographic information for all
Ontarians ever issued a health card. These databases were
anonymously linked with the use of encrypted 10-digit health

card numbers.

Identification of patients and rates

In each quarter of each calendar year, we identified all patients
who received at least 1 prescription for clopidogrel. Patients
were excluded if they had invalid identifiers, if their age was
unknown, or if they were younger than 66 on the date the
clopidogrel was prescribed. Among clopidogrel recipients, we
identified those who received any prescription for pantopra-
zole, omeprazole, rabeprazole, lansoprazole or esomeprazole
during the quarter.
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Statistical analysis

In each quarter, we calculated the proportion of patients pre-
scribed clopidogrel who also received PPI therapy during that
quarter. Analyses were conducted for all PPIs as a group and
were then stratified into pantoprazole versus other PPIs
(omeprazole, rabeprazole, lansoprazole or esomeprazole).

We used autoregressive integrated moving average models
to evaluate changes in quarterly PPI prescribing rates
beginning in the first quarter of 2009. We assessed
stationarity using the autocorrelation function and the
augmented Dickey—Fuller test. The autocorrelation, partial
autocorrelation and inverse autocorrelation functions were
used to model parameter appropriateness and seasonality. We
assessed the presence of white noise by examining the
autocorrelation at various lags using the Ljung-Box y?
statistic. Analyses were conducted with the use of SAS 9.1
software (SAS Institute, Inc.).

Ethics approval
The study was approved by the Research Ethics Board of
Sunnybrook Health Sciences Centre, Toronto.

During the 14-year study period, the number of people aged
66 years or more for whom clopidogrel was prescribed during
each quarter increased from 330 in the second quarter of 1999
to 83 921 in the third quarter of 2013. Coprescription of a PPI
with clopidogrel increased threefold over this period, from
12.7% in early 1999 to 41.6% in September 2013 (Figure 1).
In the last quarter of 2008, rabeprazole was the PPI most com-
monly prescribed with clopidogrel; this reflected its lower cost
and preferred status on the Ontario Drug Benefit formulary.

In 2009, a major shift in PPI prescribing patterns occurred:
the proportion of clopidogrel recipients who were prescribed
pantoprazole increased significantly between the final quarter
of 2008 (9.4%) and the final quarter of 2009 (20.0%) (p <
0.001) (Figure 1). This increase was accompanied by a corre-
sponding decrease in the proportion of clopidogrel recipients
who were prescribed PPIs other than pantoprazole, from
roughly 31.5% in late 2008 to 20.0% in late 2009 (p < 0.001).
By the end of 2009, pantoprazole accounted for 52.5% of all
PPI prescriptions issued to patients receiving clopidogrel; by
the end of the study period, it accounted for 71.0% of all PPI
prescriptions dispensed to such patients (p < 0.001).

We also noted a modest decline in the overall prescription
of PPIs among patients receiving clopidogrel: in the first
quarter of 2010 (1 year after the FDA advisory'” and publica-
tion of the 2 observational studies’!*), 38.3% of clopidogrel
recipients were also prescribed a PPL.

We conducted a post hoc examination of prescribing pat-
terns among patients receiving a PPI other than pantoprazole
with clopidogrel before publication of our observational
study.® We identified 14 318 such patients in the fourth quar-
ter of 2008. In the 6 months following our publication, 10 318
(72.1%) of the 14 318 continued with a PPI other than panto-
prazole, 2717 (19.0%) were switched to pantoprazole, and
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1283 (9.0%) received no further PPI prescription. Further-
more, 628 (4.4%) of these patients received a histamine H,
receptor antagonist.

We found major changes in the prescribing of PPIs to clopi-
dogrel recipients beginning in 2009, with a substantial
increase in the use of pantoprazole and a slight decrease in
overall PPI use. We speculate that the shift toward the selec-
tive use of pantoprazole in patients taking clopidogrel
resulted, in part, from media coverage associated with our
2009 publication,’® because neither the contemporaneous
FDA advisory!? nor the subsequent observational study'* dis-
tinguished among the available PPIs. Although health care
providers rarely receive notice of drug interactions in this
way, our findings suggest that rapid and substantial changes in
prescribing can occur in response to publications, regulatory
warnings and the associated media attention.

It is important to reiterate that recent data clearly indicate
that the use of a PPI with clopidogrel reduces the risk of gas-
trointestinal hemorrhage.!” Although the observed decline in
overall PPI use in 2009 may reflect appropriate discontinua-
tion of PPI therapy in some patients, it may also reflect misin-
terpretation of our study (in which pantoprazole’s safety was
clearly documented) or the wholesale avoidance of PPI ther-
apy on the assumption, by patients or by physicians, of a “class
effect,” as might have been inferred from a subsequent publi-
cation'* or the widely publicized FDA advisory.'” This high-
lights the importance of clearly communicating within-class
differences in drug effects when they exist.

Limitations

The principal limitation of this study was our focus solely on
trends in drug use. Because this was an ecological rather than
a patient-level analysis, and because it is generally accepted
that the interaction between PPIs and clopidogrel is not likely
to present a hazard for most patients,”> we did not examine
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Figure 1: Coprescription of proton pump inhibitors (PPIs) among clopidogrel recipients 66 years of age or older from 1999 to 2013, by quarter

and PPI use.
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whether the shift in PPI prescribing was associated with dif-
ferences in clinical outcomes at the population level. In addi-
tion, the observed increase in use of pantoprazole may have
been influenced by other factors, including the introduction
of a new proprietary formulation (Tecta) on the Ontario
Drug Benefit formulary in mid-2010 and its heavy marketing
to clinicians. This cannot, however, explain the rise in panto-
prazole use in 2009 and early 2010. Finally, we have no infor-
mation regarding the extent to which our results can be gen-
eralized to other jurisdictions.

Conclusion

Our study highlighted major changes in the prescribing of
PPIs among older patients receiving clopidogrel that occurred
following publication of a prominent observational study and
an FDA advisory. These findings suggest that publication of
observational research and regulatory warnings may influence
prescribing behaviour; this response may be both rapid and
drug-specific when a clear message is communicated to clini-
cians and patients. However, the modest decline in overall
PPI use that we also observed may reflect suboptimal transla-
tion of emerging drug safety information to clinical practice.
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