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a b s t r a c t

Introduction: Clopidogrel ineffectiveness is a serious problem in antiplatelet therapy. Many factors may
contribute to this phenomenon. One of them is clopidogrel drugedrug interaction with CYP2C19 and
CYP3A4 enzyme inhibitors. The main goal of this descriptive study was to assess the prevalence of cases
of clopidogreledrug interactions in the primary health care physicians’ practices.
Materials and methods: During 2010e2011, 80 patients receiving clopidogrel antiplatelet therapy from
primary care physicians’ clinical practices were involved in this study. By using questionnaires and case
histories, the following information was collected: Age, gender, clinical diagnoses, and medications used.
Results: In the current study, drugs were used that could potentially influence the effect of clopidogrel:
Omeprazole, lipophilic statins, calcium channel blockers (CCB). There was a different use of the above-
mentioned drugs before and after the initiation of the clopidogrel therapy, e.g., 12 (15.0%) and 44
(55.0%) patients used proton pump inhibitors (PPI) before and after the clopidogrel therapy accordingly
(P ¼ 0.16; c2 ¼ 1.91). However, pantoprazole was recommended more often than other PPI. The use of the
potential CYP3A4 inhibitors e lipophilic statins and CCB e was increased after the prescription of clo-
pidogrel too. Concomitant use of statins (mainly atorvastatin) with clopidogrel was observed in 75
(93.8%) patients and the use of CCB (mainly amlodipine) e in 33 (41.3%) patients.
Conclusion: In the primary health care practices, it is revealed that there is co-medication of clopidogrel
with weak CYP3A4 inhibitors, such as lipophilic statins and amlodipine, and with the moderate CYP2C19
inhibitor e omeprazole. The latter co-medication is potentially harmful and it is very important to
inform the first care professionals about the opportunity to change omeprazole to pantoprazole, which
does not influence clopidogrel biotransformation.
Copyright � 2013, InPharm Association, Published by Reed Elsevier India Pvt. Ltd. All rights reserved.

1. Introduction

Clopidogrel is widely used as a thienopyridine antiplatelet
agent, which irreversibly inhibits the adenosine di-phosphate-
dependent pathway of platelet activation.1 The aspirin and clopi-
dogrel combination becomes the gold standard for preventing
cardiovascular events in high-risk patients in the development of
thrombosis.2

Data of several clinical researches show that clopidogrel therapy
is not effective enough for a part of the patients.3 It is supposed that
the reason behind this phenomenon is multi-factorial, so it is
important to analyze many factors and their interaction. The first
step that may be taken to increase the effectiveness of this therapy
is to study the prevalence of factors that may contribute to
a decrease of the antiplatelet effect in patients receiving clopi-
dogrel. Some of the possible factors are pharmacogenetic, chronic

diseases (e.g., diabetes mellitus) and drugedrug interactions.2 The
first two factors are not modifiable and it is possible that this group
of patients should receive other antiplatelet therapy or clopidogrel
at the increased dose (150 mg/daily instead of 75 mg/daily).4 The
last factor from the above-mentioned list is modifiable, so it may be
avoided, if medical professionals pay more attention to it.

Drugedrug interactions are mainly studied from a pharmacoki-
netic aspect, because there is an assumption that themost common
cause of alteration of the expected effect of drug is connected with
inhibition or induction of the cytochrome P (CYP) 450 enzymes that
have participated in the drug biotransformation.5 The pharmaco-
kinetics of clopidogrel is being widely studied now. Recent research
shows, that the main liver microsomal enzymes, involved in clo-
pidogrel biotransformation to its active metabolite, are CYP2C19
and CYP3A4.6,7 They are principal enzymes in the metabolism of
proton pump inhibitors (PPI), statins and calcium channel blockers
(CCB).7 Concomitant use of the drugs reduces the clopidogrel active
metabolite concentration in plasma and antithrombotic effect by
competitive mechanism [Fig. 1].
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The main goal of this descriptive study was to assess the prev-
alence of cases of clopidogreledrug interactions in the primary
health care physicians’ practices and to analyze the possibility for
the reduction of this potential factor of clopidogrel ineffectiveness.

2. Materials and methods

In this retrospective descriptive study, 80 patients were involved
from the first care physicians’ clinical practices, receiving clopi-
dogrel antiplatelet therapy in Latvia, Riga, during 2010e2011. Using
questionnaires and case histories the following information was
collected: Age, gender, clinical diagnoses, and medications used
beforeandafter thefirstprescriptionof clopidogrel. Themain reason
for theadministrationof clopidogrel in thecurrent studywas to state
how to prevent the occurrence of cardiovascular events after per-
cutaneous coronary intervention (PCI). Potential CYP2C19 and/or
CYP3A4/A5 inhibitors were selected from the co-medications of
clopidogrel. Data were analyzed using Statistical Package for the
Social Sciences (SPSS Statistics) 17.0. Qualitative variables were
compared using the Pearson Chi-Square test. The main results were
reported aswell as the SD or number and percentage as appropriate.
A P value <0.05 was considered to be significant.

3. Results

Information about the baseline characteristics of the patients is
summarized in Table 1.

In the current study, 48 (60.0%) men at a medium age (�SD) of
60.94 � 10.01 and 32 (40.0%) women at a medium age � SD of
66.13� 9.10 were enrolled. Using the independent-samples t test, it
was concluded that the mean age of women andmen is statistically
different (t ¼ 2.35; P ¼ 0.02).

The analysis of PPI used before and after the first prescription of
clopidogrel presented that before clopidogrel therapy only 12
(16.7%) patients had received treatment with PPI and 9 (12.5%) of
them continued the above-mentioned therapy after starting the
use of clopidogrel. Sixty (83.3%) patients, in turn, did not use PPI
before clopidogrel therapy and 32 (44.4%) patients from this group
started to use PPI after the prescription of clopidogrel. Approx-
imately one-third of the study participants (28 (38.9%) patients) did
not use PPI at all. PPI types are summarized in Table 2. The Pearson
Chi-Square analysis reveals that there is no statistical significance
between the use of PPI before and after the initiation of clopidogrel
therapy (P ¼ 0.16; c2 ¼ 1.91).

The use of the potential CYP3A4 inhibitors e lipophilic statins
and CCB e was increased after PCI and accordingly after the pre-
scription of clopidogrel. Concomitant use of statins (mainly ator-
vastatin) with clopidogrel was revealed in 75 (93.8%) patients and
the use of CCB (mainly amlodipine) e in 33 (41.3%) patients. Con-
comitant use of CYP3A4 and CYP2C19 inhibitors among study
participants is summarized in Table 3.

4. Discussion

Nowadays, there are a lot of studies on clopidogrel drugedrug
interactions as there is an opinion that it may be a potential

Fig. 1. Scheme of clopidogrel metabolism and possible drug interaction with CYP2C19 and CYP3A4/A5 substrates. PPI, Proton pump inhibitor; GP, Glycoprotein IIb/IIIa and Ia; PON-1,
Paraoxonase-1; CYP, Cytochrome P450 enzymes.

Table 1
Baseline characteristics of 80 patients.

Characteristics (n ¼ 80) Results

Median age 63 � 10
Male (%) 48 (60.0)
Median body weight (kg) 85 � 16
Cardiovascular risk factor
Smoking (%) 10 (12.5)
Ex-smoker (%) 35 (43.8)
Never smoked (%) 34 (42.5)
Hypertension (%) 64 (80.0)
Diabetes mellitus (%) 22 (27.5)

Clinical diagnose
MI (%) 23 (28.8)
Congestive heart failure (%) 51 (63.8)
Stroke (%) 6 (7.5)
Unstable angina (%) 9 (11.3)

MI, Myocardial infarction.

Table 2
Administration of medications before and after percutaneous coronary intervention.

Medications Medication administered
before PCI (%)

Medication administered
after PCI (%)

Clopidogrel (n [%]) e 80 (100.0)
Aspirin (n [%]) 56 (70.0) 75 (93.8)
Statin (mainly

atorvastatin; n [%])
51 (63.8) 75 (93.8)

CCB (mainly
amlodipine; n [%])

24 (30.0) 33 (41.3)

PPI (n [%]) 12 (15.0) 44 (55.0)
Esomeprazole e 1 (2.2)
Pantoprazole 6 (7.5) 23 (52.2)
Omeprazole 6 (7.5) 20 (45.4)

PCI, Percutaneous coronary intervention; CCB, Calcium channel blockers; PPI, Proton
pump inhibitors.
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factor of ineffectiveness of antiplatelet therapy. The clopidogrele
drug interactions that were examined in the current study are
often reported in other studies too, because co-administration of
these drugs with clopidogrel is clinically rational.

4.1. Clopidogrel and omeprazole co-medication

PPI co-administration with clopidogrel decreases gastro-
intestinal bleeding events.8 It is not recommended to stop PPIs
administration during antiplatelet dual therapy. Despite it, there are
many reports about the influence of omeprazole on clopidogrel
biotransformation that may result in an increased clopidogrel non-
responders rate.9 The US Food and Drug Administration (FDA) has
issued a warning about the interaction of clopidogrel and omepra-
zole.10 Omeprazole reduces the antiplatelet effect of clopidogrel by
about 50.0%. There has been a hypothesis, that since omeprazole is
rapidly cleared, the interaction could bemitigated in the casewhere
clopidogrel and omeprazole doses are administrated 12 h apart.
However, data suggest that omeprazole is a time-dependent, irre-
versible inhibitor of CYP2C19. This may explain the similar levels of
interaction observed, whether clopidogrel and omeprazole were
administered simultaneously or 12 h apart.11 In the situationwhere
it is not advisable to cancel some drug from the individual plan of
pharmacotherapy, it is important to change this to its pharmaco-
logical alternative. The results of some clinical studies show that the
best alternative for omeprazole, which is the moderate CYP2C19
inhibitor, is pantoprazolewhich seems tohavemuch lowerpotential
to inhibit CYP2C19.12 In the current study, pantoprazole was rec-
ommended more often in comparison to other PPIs available, while
some patients had not received omeprazole therapy yet.

4.2. Clopidogrel and calcium channel blockers co-medication

Statins and CCB are widely used in cardiology and the possibility
of their co-medication with clopidogrel is very high. In our study
these data were confirmed e the majority of patients received
clopidogrel with lipophilic statins, CCB or both. In the last few years
a lot of studies have been published with an aim to check the
clinical relevance of these drugedrug interactions, although no
evident results have been received yet.

In some studies, the concomitant use of CCB and clopidogrel was
associated with decreased platelet inhibition by clopidogrel.13,14 But
in other studies, this hypothesis was not confirmed and in these
cases, no evidencewas found that CCB could decrease the efficacy of
antiplatelet therapy.15e17 In one recent study, a poor-response of
clopidogrel was associated with amlodipine use, but not with other
CCB use. It can possibly be explained by another CCB ability to inhibit
P-glycoprotein, a transporter that can decrease clopidogrel absorp-
tion fromthe intestinal tract.Amlodipinedoesnot inhibit this protein
and possibly does not influence clopidogrel absorption.18 To prove
this hypothesis, it is necessary to carry out further investigations.

4.3. Clopidogrel and lipophilic statins co-medication

In one recent study, conducted in vitro, it was investigated how
different types of CYP inhibitors can influence biotransformation

and the antiplatelet effect of clopidogrel. These experiments
revealed that inhibitors for both main enzymes involved in clopi-
dogrel biotransformation e CYP3A4 and CYP2C19 e could decrease
the formation of the activemetabolite of clopidogrel. Strong CYP3A4
inhibitors, such as ketoconazole and clarithromycin, showed
a stronger inhibitory effect than lipophilic statins. In addition, the
inhibition of clopidogrel biotransformation and impaired anti-
platelet effect by simvastatin or atorvastatin was revealed to be
dose-dependent. Moreover, simvastatinwas shown to be a stronger
inhibitor than atorvastatin.19 This finding can be explained by the
difference in the chemical structure of simvastatin and atorvastatin.
Simvastatin is a lactone pro-drug, which is metabolized by the
enzyme more rapidly than atorvastatin, which is in an acid form.20

Dose-dependent atorvastatin inhibitory effect on clopidogrel
biotransformation was shown in an ex vivo experiment by Lau
et al.21 In one later study about the influence of statin on the clo-
pidogrel antiplatelet effect in vivo, it was revealed that the inter-
ference between statins and clopidogrel was best seen during the
loading phase (5 h), but in the maintenance phase (48 h) it was
marginal, although still significant.22

Although the experimental data in vitro and ex vivo showed
that statins can influence clopidogrel biotransformation, these
results cannot be directly integrated into clinical practice. Nowa-
days, there are no statistically significant results about the influ-
ence of statin on clopidogrel therapy in different clinical
studies.23,24 The main limitations of these studies were as follows:
Statin dose in the study population was quite low, a few partici-
pants used non-CYP3A4-metabolized statins in comparison to
CYP3A4-metabolized statin users, these studies were retro-
spective.24 Rosuvastatin, that has no influence on the CYP3A4
system, can be a good alternative instead of a high dose of ator-
vastatin in patients with clopidogrel therapy and for the high-risk
patients in developing cardiovascular events.

5. Conclusion

In the current study, the potentially undesirable effects of clo-
pidogrel combinationwith the CYP2C19 inhibitor PPI (omeprazole)
and CYP3A4/A5 inhibitors statins (mainly atorvastatin) and CCB
(mainly amlodipine) have been revealed. Moreover, 20.0% of the
patients received all the three above-mentionedmedications at the
same time. PPIs administration increases by almost 4 times for
patients with clopidogrel therapy in comparison to the time before,
12 (15.0%) versus 44 (55%), respectively. The main reason for PPI
administration could be the decrease of risk of gastrointestinal
bleeding that might occur during dual antiplatelet therapy. The
alternative for omeprazole could be pantoprazole which affects
clopidogrel biotransformation to a lesser extent. It could be bene-
ficial for a lot of patients if doctors and pharmacists would use this
information in their routine practice.
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Table 3
Cytochrome P3A4 and cytochrome P2C19 inhibitors use among patients receiving clopidogrel antiplatelet therapy.

Used medications PPI type Lipophilic statin
(atorvastatin) (%)

CCB (amlodipine)
(%)*

Esomeprazole (%) Omeprazole (%) Pantoprazole (%)

CCB (amlodipine) e 9 (11.2) 7 (8.7) 33 (41.5) e

Lipophilic statin (atorvastatin) 1 (1.2) 19 (23.7) 23 (28.7) e 33 (41.5)

*Percentage is calculated from whole amount of participants (n ¼ 80), CCB, Calcium channel blocker; PPI, Proton pump inhibitor.
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