
P latelet activation and aggregation are key elements
of the pathogenesis of acute coronary syndromes.
Drugs that impair platelet function are an important

part of treatment for patients with ischemic heart disease.
Compared with acetylsalicylic acid (ASA) alone, the combi-

nation of clopidogrel and ASA significantly reduces the in-
cidence of recurrent coronary events following acute myo-
cardial infarction.1 The effectiveness of clopidogrel is under-
scored by evidence suggesting that delays in clopidogrel
treatment, restricted access to the drug and premature cessa-
tion of therapy are associated with adverse cardiovascular
outcomes.2–5

Clopidogrel is a prodrug that is converted in the liver to an
active thiol metabolite, which irreversibly inhibits the platelet
P2Y12 adenosine diphosphate receptor.6,7 This bioactivation is
mediated by hepatic cytochrome P450 isoenzymes, with cy-
tochrome P450 2C19 playing a major role.8 The activity of
cytochrome P450 2C19 dramatically influences the anti-
platelet effect of clopidogrel. Patients with loss-of-function
polymorphisms have lower levels of the active metabolite of
clopidogrel, diminished platelet inhibition during clopidogrel
treatment and an increased risk of cardiovascular events rela-
tive to those without such polymorphisms.9,10

Given the important role of cytochrome P450 2C19 in the
bioactivation of clopidogrel, drugs that inhibit this enzyme
may reduce the antiplatelet effect of clopidogrel. Proton pump
inhibitors are among the most widely prescribed medications
worldwide, with more than 12.4 million prescriptions issued
in Canada in 2004.11 Emerging evidence suggests that some
proton pump inhibitors can inhibit cytochrome P450 2C19,
possibly altering clopidogrel’s pharmacokinetics and poten-
tially leading to an increased risk of adverse cardiac out-
comes.12–15 Among high-risk angioplasty patients treated with
ASA and clopidogrel, use of omeprazole significantly re-
duced the antiplatelet activity of clopidogrel.14 In a series of
patients taking clopidogrel, the risk of acute myocardial in-
farction was more than 300% higher among those who were
highly adherent to proton pump inhibitors than among those
not taking proton pump inhibitors.16 However, these studies
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Background: Most proton pump inhibitors inhibit the
bioactivation of clopidogrel to its active metabolite. The
clinical significance of this drug interaction is unknown.

Methods: We conducted a population-based nested
case–control study among patients aged 66 years or older
who commenced clopidogrel between Apr. 1, 2002, and
Dec. 31, 2007, following hospital discharge after treatment
of acute myocardial infarction. The cases in our study were
those readmitted with acute myocardial infarction within
90 days after discharge. We performed a secondary analysis
considering events within 1 year. Event-free controls (at a
ratio of 3:1) were matched to cases on age, percutaneous
coronary intervention and a validated risk score. We cate-
gorized exposure to proton pump inhibitors before the in-
dex date as current (within 30 days), previous (31–90 days)
or remote (91–180 days).

Results: Among 13 636 patients prescribed clopidogrel fol-
lowing acute myocardial infarction, we identified 734 cases
readmitted with myocardial infarction and 2057 controls.
After extensive multivariable adjustment, current use of
proton pump inhibitors was associated with an increased
risk of reinfarction (adjusted odds ratio [OR] 1.27, 95% con-
fidence interval [CI] 1.03–1.57). We found no association
with more distant exposure to proton pump inhibitors or in
multiple sensitivity analyses. In a stratified analysis, panto-
prazole, which does not inhibit cytochrome P450 2C19, had
no association with readmission for myocardial infarction
(adjusted OR 1.02, 95% CI 0.70–1.47).

Interpretation: Among patients receiving clopidogrel fol-
lowing acute myocardial infarction, concomitant therapy
with proton pump inhibitors other than pantoprazole was
associated with a loss of the beneficial effects of clopido-
grel and an increased risk of reinfarction.

Abstract

Cite this article as CMAJ 2009;180(7). DOI:10.1503/cmaj.082001

D
O

I:
10

.1
50

3/
cm

aj
.0

82
00

1

CMAJ • MARCH 31, 2009 • 180(7)
© 2009 Canadian Medical Association or its licensors

Online-1

Early release, published at www.cmaj.ca on Jan. 28, 2009. Subject to revision.

 Early release, published at www.cmaj.ca on January 28, 2009. Subject to revision.



included relatively few patients and had limited ability to ad-
just for potential confounders.

Recently published guidelines recommend proton pump
inhibitor therapy for the majority of patients treated with
ASA after acute myocardial infarction, many of whom will
also take clopidogrel.17 Consequently, it is probable that
millions of patients worldwide will receive combination
therapy with a proton pump inhibitor and clopidogrel.
However, the clinical significance of the potential interac-
tion between these drugs is unclear. We sought to charac-
terize whether the concomitant use of a proton pump in-
hibitor with clopidogrel was associated with adverse
outcomes among older patients discharged from hospital
after acute myocardial infarction.

Methods

Setting
We conducted a population-based nested case–control study
among Ontario residents aged 66 years or older who were dis-
charged from hospital between Apr. 1, 2002, and Dec. 31,
2007, after treatment for acute myocardial infarction. These
individuals had universal access to hospital care, physicians’
services and prescription drug coverage. The study was ap-
proved by the Research Ethics Board of Sunnybrook Health
Sciences Centre. 

Data sources
We examined the computerized prescription records of the
Ontario Public Drug Program, which contains comprehensive
records of prescription medications dispensed to Ontario resi-
dents 65 years of age or older. We identified hospital admis-
sions using the Canadian Institute for Health Information Dis-
charge Abstract Database, which contains detailed diagnostic
and procedural information about hospital admissions. We

used the Ontario Health Insurance Plan database to identify
claims for inpatient and outpatient physician services. We ob-
tained basic demographic information, including date of
death, from the Registered Persons Database, which contains
a unique entry for each Ontario resident who has ever re-
ceived a health card. Researchers routinely use these data-
bases to study drug safety,18–20 including the clinical con-
sequences of drug–drug interactions.21–23 We linked the
databases in an anonymous fashion using encrypted 10-digit
health-card numbers.

Identification of patients and outcomes
The study design is outlined in Figure 1. We established a co-
hort of patients aged 66 years or older who filled a prescrip-
tion for clopidogrel within 3 days after hospital discharge fol-
lowing treatment for acute myocardial infarction. The date of
discharge from hospital served as the date of cohort entry. We
excluded patients who had received clopidogrel, ticlopidine
or dipyridamole in the year before admission to hospital. We
also excluded patients in long-term care facilities and those
who received, within 90 days before or after the index date,
proton pump inhibitor combination products used to eradicate
Helicobacter pylori.

We followed patients who were receiving clopidogrel for
a maximum of 90 days after hospital discharge or until re-
admission because of acute myocardial infarction. We identi-
fied patients with continuous use of clopidogrel using an ad-
herence algorithm, which included patients with prescription
refills of the drug at intervals not exceeding 1.2 times the
number of days’ supply of the preceding prescription. We
identified hospital admissions using codes from the Interna-
tional Classification of Disease and Related Health Prob-
lems, 10th revision, for acute myocardial infarction (I21,
I22). We designated the index date as the date of hospital
readmission with acute myocardial infarction. For patients
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Figure 1: Study design. The solid black line indicates the period following hospital discharge after treatment of acute myocardial in-
farction. We excluded patients who did not receive a prescription for clopidogrel within 3 days of the discharge date (upward arrow).
Among the remaining patients, cases were those readmitted because of myocardial infarction within 90 days after discharge. We at-
tempted to identify 3 matched controls, with no myocardial infarction before the same date (the index date, indicated by downward
arrow) for each case. Use of proton pump inhibitors before the index date was categorized as current (within 30 days), previous (31–90
days) or remote (91–180 days).



who had multiple readmissions with acute myocardial infarc-
tion during the study period, we considered only the first
readmission.

We defined cases as patients who died or were readmitted
for myocardial infarction within 90 days after the initial hospi-
tal discharge. We used random sampling with replacement24

from the same cohort of patients to identify the controls. These
individuals were at risk but were not read-
mitted because of myocardial infarction
before the index date. Controls were
matched to cases on age (born within 3
years), receipt of percutaneous coronary
intervention in hospital (defined as Cana-
dian Classification of Procedure codes
1IJ50 or 1IJ57), date of hospital discharge
(within 4 days) and predicted probability
of short-term mortality (within 0.05 of
that of the corresponding case), deter-
mined using a previously validated car-
diac risk prediction model.25 When the
number of controls who could be matched
to a case was fewer than 3, we used only
those controls and did not alter the match-
ing algorithm.

Exposure to proton pump 
inhibitors
We used prescription records to ascer-
tain exposure to proton pump inhibitors
during clopidogrel therapy. We catego-
rized use of proton pump inhibitors ac-
cording to the most proximate prescrip-
tion as either current (within 30 days
before the index date), previous (31–90
days before the index date) or remote
(91–180 days before the index date). We
reasoned that a causal association be-
tween use of a proton pump inhibitor
and recurrent myocardial infarction
would manifest attenuating effects with
more distant exposures.

Statistical analysis
We used conditional logistic regression
to estimate the odds ratio (OR) for the
association between reinfarction and ex-
posure to a proton pump inhibitor, using
as the reference group patients with no
prescription for a proton pump inhibitor
in the previous year. We adjusted for
age, sex, income quintile (estimated
from the residential postal code), Charl-
son comorbidity index,26 length of stay
in hospital during the first admission for
myocardial infarction, and 9 medical
conditions previously shown to correlate
with short-term mortality following
acute myocardial infarction and identi-

fied at the index hospital admission (diabetes with complica-
tions, dysrhythmias, pulmonary edema, cardiogenic shock,
acute renal insufficiency, chronic renal insufficiency, con-
gestive heart failure and cerebrovascular disease.)25 We also
adjusted for use of other commonly used cardiovascular
medications, other cytochrome P450 2C19 inhibitors or in-
ducers, and other cytochrome P450 3A4 inhibitors or induc-
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Table 1: Characteristics of study patients  

 Group; no. (%) of patients*  

Variable  
Cases 

n = 734 
Controls 
n = 2057 p value

Age, yr     

Median (interquartile range) 77 (72–83) 77 (72–83) 0.34 

66–75 294 (40.1) 839 (40.8) 0.73 

76–84 328 (44.7) 947 (46.0) 0.53 

≥ 85 112 (15.3) 271 (13.2) 0.16 

Male sex 384 (52.3) 1133 (55.1) 0.20 

Length of stay, median (interquartile range) 6 (4–9) 6 (4–8) 0.06 

Percutaneous coronary intervention 
during index admission 

103 (14.0) 279 (13.6) 0.75 

Comorbidity during index admission    

Acute renal insufficiency 45 (6.1) 67 (3.3) < 0.001 

Chronic renal insufficiency 32 (4.4) 74 (3.6) 0.35 

Congestive heart failure 203 (27.7) 371 (18.0) < 0.001 

Shock 8 (1.1) 13 (0.6) 0.22 

Cancer 23 (3.1) 42 (2.0) 0.09 

Cerebrovascular disease 19 (2.6) 43 (2.1) 0.43 

Diabetes mellitus with complications 208 (28.3) 409 (19.9) < 0.001 

Cardiac dysrhythmias 103 (14.0) 278 (13.5) 0.73 

Pulmonary edema 6 (0.8) 17 (0.8) 0.98 

Medication use during follow-up†    

Cytochrome P450 2C19 inducer 28 (3.8) 57 (2.8) 0.16 

Cytochrome P450 2C19 inhibitor 8 (1.1) 15 (0.7) 0.35 

Cytochrome P450 3A4 inducer 6 (0.8) 15 (0.7) 0.81 

Cytochrome P450 3A4 inhibitor 66 (9.0) 168 (8.2) 0.49 

Other medications    

Angiotensin-converting-enzyme inhibitor 419 (57.1) 1350 (65.6) < 0.001 

Angiotensin-receptor antagonist 55 (7.5) 163 (7.9) 0.71 

Acetylsalicylic acid‡ 52 (7.1) 182 (8.8) 0.14 

β-Adrenergic antagonist 515 (70.2) 1530 (74.4) 0.027 

Calcium-channel antagonist 146 (19.9) 331 (16.1) 0.019 

Digoxin 37 (5.0) 73 (3.5) 0.08 

Spironolactone 42 (5.7) 91 (4.4) 0.16 

Statin 527 (71.8) 1593 (77.4) 0.002 

Thiazide diuretic 58 (7.9) 144 (7.0) 0.42 

Other diuretic, including loop agent 229 (31.2) 474 (23.0) < 0.001 

Nonsteroidal anti-inflammatory drug 17 (2.3) 56 (2.7) 0.55 

*Unless indicated otherwise. 
†See Appendix 1 for a list of the drugs in each group. 
‡Nonprescription use of acetylsalicylic acid could not be ascertained. 



ers27 (Appendix 1) between hospital discharge and the refer-
ence date. In the secondary analysis examining use of hista-
mine H2-receptor antagonists, we also adjusted for exposure
to proton pump inhibitors between hospital discharge and the
index date.

We conducted several additional analyses to test the ro-
bustness of our findings. We altered the definition of “cur-
rent use” to include any prescription for a proton pump in-
hibitor between hospital discharge and the index date, and
we conducted analyses of recurrent myocardial infarction
and death within 1 year of hospital discharge. We examined
use of the histamine H2-receptor antagonists ranitidine, famo-
tidine and nizatidine as a tracer exposure. These drugs have
clinical indications similar to those of proton pump in-
hibitors, yet they do not inhibit cytochrome P450 2C19. To
test the specificity of our primary findings, we replicated our
analysis in a cohort of patients who did not receive a pre-
scription for clopidogrel within 90 days of discharge follow-
ing acute myocardial infarction. Finally, we conducted a
stratified analysis of the risk of recurrent myocardial infarc-
tion during treatment with pantoprazole or with other proton
pump inhibitors. Pantoprazole does not inhibit cytochrome
P450 2C19 and therefore should not interfere with the meta-
bolic activation of clopidogrel, whereas other proton pump
inhibitors or their primary metabolites do inhibit cytochrome
P450 2C19 and can be expected to attenuate clopidogrel’s
beneficial effects.13

Results

Over the 69-month study period, we identified 13 636 pa-
tients aged 66 years or older who filled a prescription for
clopidogrel within 3 days following hospital discharge after
treatment of acute myocardial infarction. The median age of
these patients was 76 (interquartile range 71–81) years; 7579
(55.6%) were men. The median length of stay during this ad-
mission was 5 days (interquartile range 4–8 days). A total of
4022 patients (29.5%) underwent percutaneous coronary in-
tervention. Concomitant prescribing of proton pump in-
hibitors following discharge was exceedingly common, with
2682 (19.7%) patients receiving a proton pump inhibitor
within 30 days of discharge and 4224 (31.0%) receiving a
prescription within 90 days.

From this cohort, we identified 782 patients who were
readmitted because of acute myocardial infarction within 90
days after discharge. Of these, 734 (93.9%) were matched to
at least 1 control. The characteristics of cases and controls
are shown in Table 1. As expected, cases were more likely
than controls to have had several comorbidities during their
index admission, including heart failure, diabetes and renal
insufficiency.

In the primary analysis, after extensive multivariable
adjustment, we found a significant association between
readmission because of myocardial infarction and current
use of a proton pump inhibitor (adjusted OR 1.27, 95%
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1.27 (1.03–1.57)
0.86 (0.63–1.19)

0.81 (0.46–1.41)

0.82 (0.57–1.18)

1.02 (0.70–1.47)

1.40 (1.10–1.77)

1.02 (0.90–1.15)

0.94 (0.63–1.40)
1.33 (1.02–1.72)

1.23 (1.01–1.49)

0.89 (0.67–1.18)

Proton pump inhibitor

Figure 2: Association between acid-reducing therapies and adverse outcomes. Current use of proton pump inhibitors (within 30 days be-
fore the index date) was associated with recurrent infarction within 90 days and 1 year following hospital discharge after treatment of
acute myocardial infarction (MI) among patients who were receiving clopidogrel. No such association was apparent with earlier therapy
or among patients who were not receiving clopidogrel following acute MI. Treatment with histamine H2-receptor antagonists or panto-
prazole, neither of which inhibit cytochrome P450 2C19, was not associated with recurrent infarction, whereas treatment with other
proton pump inhibitors (omeprazole, lansoprazole and rabeprazole) was associated with reinfarction. Risk of death was not increased
during therapy with proton pump inhibitors. *Data are for current proton pump inhibitor use unless stated otherwise.



confidence interval [CI] 1.03–1.57) but not with earlier use
of these drugs. Our findings did not change appreciably
when we redefined use of a proton pump inhibitor as a pre-
scription between hospital discharge and the date of read-
mission, or when we included admission up to 1 year after
the date of discharge (Figure 2). As expected, we found no
association between recurrent myocardial infarction and
use of histamine H2-receptor antagonists, and no such asso-
ciation among patients not treated with clopidogrel (Figure
2). In the stratified analysis of the type of proton pump in-
hibitor used, pantoprazole was not associated with recur-
rent myocardial infarction among patients receiving clopi-
dogrel, as predicted by the observation that pantoprazole
does not inhibit cytochrome P450 2C19.13 In contrast, com-
pared with no treatment, other proton pump inhibitors
were collectively associated with a 40% increase in the
risk of recurrent myocardial infarction within 90 days of
hospital discharge (OR 1.40, 95% CI 1.10–1.77) (Table 2
and Figure 2). 

We estimated the attributable risk of concomitant treat-
ment with a cytochrome P450 2C19-inhibiting proton pump
inhibitor and clopidogrel, using the point estimate of the
adjusted OR (1.40) as an approximation of the relative risk,
and with a conservative exposure estimate of 0.2 for any of
omeprazole, lansoprazole or rabeprazole.28 Among older
patients taking clopidogrel following acute myocardial in-
farction, we estimated that about 7.4% of readmissions be-
cause of reinfarction within 90 days after discharge oc-
curred as the result of concomitant therapy with these
agents. Using a less conservative estimate, if 40% of pa-
tients receiving clopidogrel were also prescribed one of
these proton pump inhibitors, about 14% of all readmis-
sions because of reinfarction could be attributed to this
drug interaction.

Interpretation

In this population-based study spanning almost 6 years, we
found that, among older patients taking clopidogrel following
acute myocardial infarction, concomitant use of a proton
pump inhibitor was associated with a significantly increased
short-term risk of reinfarction. Depending on the prevalence
of exposure to these drugs, we estimate that 5% to 15% of
early readmissions because of myocardial infarction among
patients taking clopidogrel could be the result of this drug in-
teraction. In contrast, we found no association with more re-
mote use of a proton pump inhibitor or current use of hista-
mine H2-receptor antagonists. As predicted from its basic
pharmacology, pantoprazole displayed no such association in
a stratified analysis, whereas other proton pump inhibitors
did. In sum, these observations support the hypothesis that
some proton pump inhibitors significantly reduce or even
abolish the cardioprotective effects of clopidogrel. Indeed, the
increase in absolute risk of myocardial infarction during pro-
ton pump inhibitor therapy in this study approximated the
2.1% absolute risk reduction conferred by clopidogrel in the
Clopidogrel in Unstable Angina to Prevent Recurrent Is-
chemic Events (CURE) study.1

Our findings have major implications for public health,
given the number of patients exposed to this drug interac-
tion. With annual sales of US$7.3 billion in 2007,29 clopido-
grel is the drug with the second-largest sales volume world-
wide. Millions of patients around the world receive a
coronary stent or experience new or recurrent myocardial
infarction each year. The majority of them will be pre-
scribed clopidogrel in addition to ASA. Recent guidelines
published by the American Heart Association, the Ameri-
can College of Gastroenterology and the American College
of Cardiology advocate proton pump inhibitor therapy for
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Table 2: Association between exposure to proton pump inhibitors and recurrent myocardial infarction among patients who started 
taking clopidogrel following index myocardial infarction  

 Group; no. (%) of patients   

Exposure to proton 
pump inhibitor 

Cases 
n = 734 

Controls 
n = 2057 

Unadjusted OR 
(95% CI) 

Adjusted OR* 
(95% CI) 

None 448 (61.0) 1317 (64.0) 1.00   1.00  

Current (< 30 days) 194 (26.4) 424 (20.6) 1.32 (1.08–1.62) 1.27 (1.03–1.57) 

Pantoprazole 46 (6.3) 125 (6.1) 1.06 (0.74–1.52)  1.02  (0.70–1.47) 

Other 148 (20.2) 299 (14.5) 1.43 (1.14–1.80) 1.40  (1.10–1.77) 

Previous (31–90 days) 63 (8.6) 195 (9.5) 0.94 (0.70–1.28) 0.86  (0.63–1.19) 

Pantoprazole 16  (2.2) 39 (1.9) 1.13 (0.62–2.06) 0.89  (0.48–1.67) 

Other 47 (6.4) 156 (7.6) 0.90 (0.64–1.27) 0.86  (0.60–1.23) 

Remote (91–180 days) 17 (2.3) 68 (3.3) 0.78 (0.45–1.34) 0.81  (0.46–1.41) 

Pantoprazole 6 (0.8) 10 (0.5) 1.97 (0.71–5.45) 2.09  (0.74–5.92) 

Other  11 (1.5) 58 (2.8) 0.58 (0.30–1.12) 0.60  (0.31–1.17) 

Note: CI = confidence interval, OR = odds ratio. 
*Adjusted for age, sex, income quintile estimated from residential postal code, Charlson comorbidity index, length of stay in hospital during the index admission 
for acute myocardial infarction and 9 medical conditions previously shown to correlate with short-term mortality following acute myocardial infarction, identified 
at the index hospital admission (diabetes with complications, dysrhythmias, pulmonary edema, cardiogenic shock, acute renal insufficiency, chronic renal 
insufficiency, congestive heart failure and cerebrovascular disease), and use of medications listed in Appendix 1. 



the majority of patients receiving ASA after myocardial in-
farction, including all patients aged 60 years or older.17 Our
findings suggest that indiscriminate treatment with a proton
pump inhibitor could result in thousands of additional cases
of recurrent myocardial infarction each year, all of which
could potentially be avoided by preferentially using panto-
prazole in patients taking clopidogrel who require treatment
with a proton pump inhibitor. 

Limitations
Some limitations of our research merit emphasis. We had
no data on important cardiac risk factors such as smoking
status, blood pressure and lipoproteins. Importantly, be-
cause our data sets included only drugs listed on the provin-
cial formulary, we could not identify use of nonprescription
medications, particularly over-the-counter ASA. Although
we matched cases and controls on important predictors of
outcome, some imbalance was evident in their measured
characteristics (Table 1). However, this observation is ex-
pected and does not threaten our primary conclusion,
because we found no association between proton pump
inhibitor therapy and reinfarction in several sensitivity
analyses, including an analysis of patients not receiving
clopidogrel. Miscoding is a potential threat to the validity
of any observational study, but previous validation studies
have indicated that coding for acute myocardial infarction
in Ontario’s administrative databases is very good.30,31 Fi-
nally, because some patients take proton pump inhibitors
intermittently, misclassification of exposure status is possi-
ble. However, with our study design, such misclassification
would likely attenuate estimates of effect.

Conclusion
In summary, we found that, among patients taking clopido-
grel following acute myocardial infarction, the concomitant
use of a proton pump inhibitor that inhibits cytochrome P450
2C19 (omeprazole, lansoprazole or rabeprazole) was associ-
ated with an increased risk of recurrent myocardial infarc-
tion. This effect, which was not seen with pantoprazole
therapy, presumably reflects inhibition of the metabolic
bioactivation of clopidogrel. Our findings highlight a widely
unappreciated, common and completely avoidable drug in-
teraction in a population at high risk of recurrent coronary
events. Pending further data regarding the clinical signifi-
cance of drug interactions with clopidogrel, we believe that
concomitant treatment with clopidogrel and proton pump in-
hibitors other than pantoprazole should be minimized when
possible. Ranitidine or another H2-receptor antagonist may
be an appropriate alternative for patients who require acid-
lowering therapy. If a proton pump inhibitor is required, pan-
toprazole should be used preferentially in patients who are
also receiving clopidogrel.
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Appendix 1: Drug covariates used in the multivariable 
model 

Cytochrome P450 2C19 inhibitors 

• Chloramphenicol, cimetidine, felbamate, fluoxetine, 
fluvoxamine, indomethacin, ketoconazole, modafinil, 
oxcarbazepine, probenecid, topiramate 

Cytochrome P450 2C19 inducers 

• Norethindrone, prednisone, rifampin 

Cytochrome P450 3A4 inhibitors 

• Amiodarone, aprepitant, clarithromycin, delavirdine, 
diltiazem, erythromycin, imatinib, indinavir, 
itraconazole, nefazodone, nelfinavir, norfloxacin, 
ritonavir, saquinavir, telithromycin, verapamil, 
voriconazole 

Cytochrome P450 3A4 inducers 

• Carbamazepine, efavirenz, nevirapine, phenobarbital, 
phenytoin, pioglitazone 

Other medications 

• Angiotensin-converting-enzyme inhibitors, angiotensin-
receptor antagonists, acetylsalicylic acid, β-adrenergic 
antagonists, calcium-channel antagonists, digoxin, 
spironolactone, statins, thiazide diuretics, other diuretics 
including loop agents, and nonsteroidal anti-
inflammatory drugs 


