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Abstract 
 

Clopidogrel therapy in combination with proton pump inhibitors (PPIs) is controversial in the 

treatment for ischemic heart diseases after coronary stent implantation because PPIs 

(especially omeprazole) are suggested to attenuate the antiplatelet effect of clopidogrel. 

The polymorphic CYP2C19 enzyme has a pivotal function in the metabolism of both agents. 

In addition, omeprazole can irreversibly inhibit the activity of CYP2C19 enzyme. The 

frequency of CYP2C19 polymorphisms with a poor metabolizer phenotype is especially high 

(29-35%) in the Asian population. The present study investigated whether CYP2C19 

genotyping is required in clopidogrel-treated patients with concomitant omeprazole 

treatment for genetically at risk poor metabolizing CYP2C19 populations. In this study 

literature was searched and reviewed which comprised the specific research area. The 

results indicated that omeprazole in combination with clopidogrel is related to a higher 

recurrence risk of adverse cardiovascular events and a higher mortality rate. Interestingly, 

the antiplatelet effect of clopidogrel was more affected by omeprazole in homozygous 

CYP2C19*1 carries than in heterozygous (*1/2 or *1/3) and homozygous (*2/2 or *2/3) 

CYP2C19 carriers. Therefore, CYP2C19 genotyping is advised in clopidogrel-treated patients 

with concomitant omeprazole treatment. This to prevent adverse cardiovascular events in 

clopidogrel treated patients in combination with PPIs. However, the number of studies is 

rather limited up till now in relation to the CYP2C19 status and the combination of 

omeprazole plus clopidogrel. Therefore further clinical studies are indispensable to verify 

the conclusion in this study.      
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Introduction 
 

The dual antiplatelet thienopyridines (e.g., prasugrel, ticlopidine and clopidogrel) and aspirin 

(acetylsalicylic acid) therapy is widely prescribed to prevent the adverse recurrence of 

coronary heart diseases, acute coronary diseases and angina pectoris (from now on defined 

as cardiovascular events). The dual antiplatelet therapy is recommended for up to 12 

months after coronary stent implantation due to a higher risk of stent thrombosis with 

adverse outcome in the first one year. 1 The relative risk recurrence of cardiovascular events 

was higher in patients treated with aspirin alone when compared with clopidogrel 

treatment. These findings suggest that clopidogrel is more effective when compared with 

aspirin alone. The combination of clopidogrel with aspirin is more effective in antiplalete 

aggregation treatment than either agent alone. 2 Adverse clinical side effects in dual 

antiplatelet therapy are abdominal discomfort or pain, nausea, dyspepsia, and 

gastrointestinal hemorrhage. Aspirin irreversibly inhibits gastric mucosal cyclooxygenase 1 

(COX-1) activity which consequently suppresses mucosal protective effects of 

prostaglandins. 3 The gastrointestinal side-effects of clopidogrel are presumably due to the 

antiplatelet activity which causes existing lesions to bleed. In 2008, the use of prophylactic 

proton pump inhibitors (PPIs) in combination with dual antiplatelet therapy was specified in 

a clinical consensus guideline by  the American College of Cardiology Foundation (ACCF) 

amongst others.4  However, some studies suggested that the antiplatelet effect of 

clopidogrel is attenuated by the administering of PPIs. 5-7 In 2009, the Food and Drug 

administration (FDA) and the European Medicines Agency (EMA)  issued a warning to avoid 

concomitant intake of clopidogrel with PPIs, especially omeprazole. 8,9 In reaction to the 

warning from the FDA and EMA, the clinical expert consensus from 2008 was adjusted in 

March 2010. 10 Clopidogrel is majorly activated by CYP2C19 a member of the cytochromes 

P450 (CYPs) enzymes which play a pivotal role in drug metabolism either in bioactivation or 

deactivation. The studies hitherto did not include the effect of interindividual CYP2C19 

genetic variability. 7 The frequency of CYP2C19 polymorphisms with a poor metabolizer 

phenotype is especially high (29-35%) in the Asian population when compared to the 

Caucasian or African population (15%). 11 The hypothesis in this study was, that the 

clopidogrel and omeprazole interaction is negatively affected by CYP2C19 polymorphisms. 

Thus, it would be more likely that poor metabolizers have a higher recurrence risk of 

cardiovascular events when compared with the extensive metabolizer phenotype. 

Therefore, the purpose of this study was to investigate whether CYP2C19 genotyping is 

useful in clopidogrel-treated patients with concomitant omeprazole treatment. To this end, 

PubMed was searched for the terms omeprazole plus clopidogrel and combined with a 

separate search of these individual terms with the terms metabolism, pharmacokinetics, 

CYP2C19, and polymorphisms.    
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Pharmacokinetics- and dynamics of omeprazole  
 

Omeprazole and other PPIs are weak bases which consist of a heterocyclic pyridine and a 

benzimidazole moiety linked via a methylsulfinyl group. The plasma half-life time (   ̴ 1-2 h) 

of omeprazole does not correlate to its response (  ̴ 28 h) due to the irreversible inhibition of 

the proton pump. 12 The prodrug form of omeprazole is absorbed in the small intestines into 

the blood circulation, where after it passes the cell membrane of the parietal cell. The 

pyridine and benzimidazole moiety undergo a protonation step in the acid (pH  ̴ 1.0) 

environment of the luminally located canaliculi in the parietal cells. This chemical 

rearrangement culminates in an active tetracyclic cation, which can covalently reacts with 

cysteine 813 by a disulfide formation on the hydrogen-potassium adenosine triphosphate  

(H+/K+-ATPase) pump.  This binding prevents gastric acid secretion into the lumen resulting 

in an increased intragastric pH. The activation of omeprazole is influenced by the ionization 

constant (pKa) and the environmental pH. Omeprazole is largely metabolized by the 

isoenzyme CYP2C19 (S-mephenytoin-hydroxylase) and CYP3A4 (nifedipine hydroxylase) of 

the cytochrome P450 (CYP) system. Omeprazole is metabolized (see figure 1, page 11) by 

CYP2C19 and CYP3A4 respectively to 5-hydroxyomeprazole and 5-hydroxyomeprazole-

sulfone. Another less frequently utilized metabolic pathway is the conversion of omeprazole 

to sulfone by CYP3A4. The sulfone is further converted to 5-hydroxyomeprazole-sulfone by 

CYP2C19. 6 Omeprazole and other common PPIs (e.g., lansoprazole, pantoprazole and 

esomeprazole) competitively inhibit the CYP2C19 enzyme activity. This results in an 

attenuated catalytic enzyme activity. Omeprazole has a higher (Ki 2-6 mM) inhibitory 

potency on CYP2C19 when compared with its S-isomer (Ki 8 mM) on CYP2C19 activity. 13 

About 77% of the oral omeprazole dose is excreted urinary. 14 

Pharmacokinetics- and dynamics of clopidogrel 
 

The prodrug clopidogrel bisulfate (Plavix®, Grepid® or Iscover ®) is rapidly absorbed in the 

intestines. The oxidation to its active metabolite (see Figure 1, page 11) is achieved by 

CYP1A2, CYP2B6, CYP2C9, CYP2C19 and, CYP3A4/5. Clopidogrel is first converted to the 

intermediate 2-oxo-clopidogrel followed by the formation of the active metabolite 2-

oxoclopidogrel. The relative contribution of the CYP2C19 enzyme in the first and second 

phase of the activation is respectively 44.9% and 20.6%. In the second metabolic phase, the 

CYP3A4 enzyme plays a the major (39.8%) role in the metabolic activation. 15 The 

involvement of the CYP2C19 enzyme in drug metabolism varies from 58% to 67% in 

intermediate metabolizers and from 56% to 74% in ultrarapid metabolizers. 16,17 The 

majority ( ̴ 85%) of the prodrug is hydrolyzed to its inactive form by hepatic 

carboxylesterases. 18 Platelet activation occurs upon endothelial vessel injuries which 

release coagulation proteins such as Von Willebrand factor (vWF), collagen, and vitronectin 

among others.  
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The platelet dense granules release ADP molecules and interact with the Gq-coupled 

receptor P2Y1. This interaction induces morphological changes and the phospholipase C 

activity which increases the cytosolic calcium ion levels. The Gi-coupled P2Y12 ADP receptor, 

inhibits the enzymatic activity of adenylyl cyclase. 19  The agonist interaction with the P2Y12 

receptor contributes mainly to the stabilization  of platelet aggregation induced by thrombin 

or thromboxane A2. 20  The remaining small percentage (    ̴15%) of the active metabolite 2-

oxoclopidogrel irreversibly inhibits the G-protein coupled  receptor P2Y12 by binding its 

cysteine residues. 21 The inhibition of ADP-mediated platelet aggregation culminates in an 

antithrombotic effect. 

Clopidogrel and omeprazole interaction 
 

The omeprazole clopidogrel aspirin (OCLA) study was the first prospective trial to evaluate 

the effect of omeprazole on the efficacy of clopidogrel. The study was based on 

observational results from 2006. 22 The OCLA study included patients with coronary stent 

implants which were randomized to receive either omeprazole or placebo. The results 

indicated an attenuated clopidogrel response in the omeprazole treated patients when 

compared with the placebo-treated patients. 23 In another prospective randomized study by 

Cuisset, et al. from 2009, patients received either omeprazole or pantoprazole in 

combination with their dual antiplatelet therapy. The omeprazole group indicated more 

clopidogrel nonresponders than the pantoprazole group.  24 In another randomized 

crossover trial were similar results obtained in comparison with the previous study from 

2009. 25 In consistence with the previous studies Angiollilo, et al. investigated whether the 

interaction between clopidogrel and omeprazole could be mitigated by separate administer 

with 12 hours apart. The pharmacokinetic results indicated a decrease in the clopidogrel 

plasma concentration. The maximal platelet aggregation induced by ADP was decreased 

when compared with the simultaneous administer of the agents. In addition, the increase of 

the daily loading dose of clopidogrel did not affect the clopidogrel plasma concentration and 

maximal platelet aggregation. 26 However, the drug interaction between omeprazole and 

clopidogrel is not fully consistent. The study by Gremmel, et al. found no differences in the 

antiplatelet effect of clopidogrel either with or without omeprazole.  27 The ex vivo 

mechanistic evidence of an omeprazole and clopidogrel interaction was in consistence with 

several clinical retrospective population-based cohort studies. In the study by Ho, et al. 

included 8,205 patients with clopidogrel treatment. The majority (  ̴ 64%) of the group had 

concomitantly PPI treatment. The study indicated a higher (  ̴ 21%) mortality and 

rehospitalization rate for acute coronary syndromes when compared with the patients 

without PPI treatment. 28 Another large scale retrospective study was conducted by Kreutz, 

et al. including almost 17,000 patients treated with clopidogrel either with (  ̴ 41%) or 

without (  ̴ 59%) omeprazole concomitant. After one year the patients treated with 

clopidogrel in combination with a PPI indicated a higher rate of major cardiovascular events 

with an adjusted hazard ratio of  > 1,5 than patients treated with clopidogrel alone.  
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The associations were similar for each PPI including omeprazole, esomeprazole, and 

pantoprazole. 29 The cardiovascular recurrence risk within 90 days after hospital discharge 

was higher (40%) in patients treated with clopidogrel and PPI when compared with 

clopidogrel alone. 30 Other retrospective studies included 800 up to 10,000 patients treated 

with either clopidogrel  alone or combined with PPIs indicated a higher (13,8% to 41%) 

incidence of major adverse cardiovascular events. The cardiovascular mortality rate was 

higher (4,7%) in the combination therapy. Although one study found slight (p = 0,51) similar 

mortality rates between patients who received clopidogrel alone or combined with PPIs. 31-

33 The higher incidence of  adverse cardiovascular events and cardiovascular-related deaths 

in clopidogrel in combination with PPIs was confirmed in a meta-analysis including about 

160,000 patients. Interestingly, pantoprazole alone was associated with an increased risk 

but not omeprazole or other PPIs. 34 The previously summarized findings of all these studies 

are consistent with each other.   

However, other retrospective and prospective population-based cohort studies indicated 

inconsistency with the previously mentioned studies. The posthoc study by Dunn, et al. 

indicated no association between PPIs and adverse cardiovascular events. 35  This was 

confirmed by a retrospective study including about 20,000 clopidogrel-treated patients in 

combination with either pantoprazole (62%) or omeprazole (9%). 36 In 2009, a study was 

conducted including about 19,000 patients treated with clopidogrel either with or without 

PPI indicated no increased risk between the both groups. Although elderly (≥ 65 years)  

patients had a slightly increased rate of cardiovascular event or mortality it was claimed not 

to have any clinical importance.  37 In 2013, Kwok, et al. performed a meta-analysis of a total 

of 22 studies including over 200,000 individuals. The study indicated no differential 

cardiovascular risk between clopidogrel either without or in combination with PPIs. 38   

CYP2C19 loss-of-function variants in clopidogrel and omeprazole metabolism 

 

The hepatic CYP monooxygenase enzyme system has a pivotal function in  the metabolism 

of clinically important drugs. The polymorphic enzyme CYP2C19 (Cytochrome P450, Family 

2, Subfamily C, Polypeptide 19) is a member of the CYP enzyme system genetically located 

within a cluster on chromosome 10q24. The CYP2C19 gene has more than 30 allelic variants 

which are demographically spread over ethnic groups worldwide 

(http://www.cypalleles.ki.se/cyp2c19.htm). The CYP2C19*2 (c.681G>A; rs4244285) null 

allele is the most frequent (15% in Caucasians and Africans; 29-35% in Asians) among poor 

metabolizers (PM). The splicing defect in exon 5 due to the point mutation terminates the 

protein synthesis too early. The CYP2C19*3  (c.636G>A; rs4986893) is more common among 

Asians (2-9%) than other ethnical groups. A single base transition results in a premature 

stop codon which culminates in a truncated protein.  

 

http://www.cypalleles.ki.se/cyp2c19.htm
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The frequency of one or two CYP2C19 loss of function alleles accounts for respectively 

42.5% and 10% in the Asian population. In comparison, in the Caucasian population this 

percentage is much lower, respectively 25.5% and 2.4%. 39 The PM genotype affects the 

metabolism of some antidepressants and anticonvulsant. 6,11   

In 2007, a study was performed to determine the pharmacokinetic and pharmacodynamics 

responses to clopidogrel in homozygous metabolizers extensive (homEM; *1/1) and 

heterozygous extensive (hetEM; *1/2) and poor metabolizers (PM *2/2). The CYP2C19*2 

loss of function allele indicated a less total drug exposure over time and inhibition of the 

platelet aggregation (IPA) (see table 1)  compared to the homEM. The maximum serum 

concentration (Cmax) active metabolite clopidogrel was lower in the  hetEM and PM group 

when compared to the WT. The antiplatelet agent prasugrel did not indicate the same 

results as clopidogrel in the PM genotype. 40 A more recently performed clinical study under 

642 Chinese individuals with clopidogrel treatment to study the association between 

CYP2C19*2/*3 and the occurrence of cardiovascular events over one year. The CYP2C19*2 

and *3 mutant allele carriers had a higher ADP-induced maximal platelet activation than 

homozygous WTs. There was a higher incidence of stent thrombosis in mutant allelic 

variants than in the noncarriers.  41 Thus, CYP2C19*2 or *3 allelic variant affects the efficacy 

of clopidogrel.  The  recurrence risk of cardiovascular events is increased in the CYP2C19*2 

and *3 allelic variance under patients who receive clopidogrel. This was confirmed by a 

recent meta-analysis study under Asians and Westerns from 2015. 39 In addition, the genetic 

effect on the function of clopidogrel is rather an agent than class specific.  

The hepatic metabolism of omeprazole is mainly (>80%) performed by the CYP2C19 enzyme. 

Shirai, et al. investigated whether CYP2C19 genotypic status affected the metabolism of 

omeprazole and rabeprazole by measuring the intragastric pH.  The homEM (*1/1), hetEM 

(*1/2 and *1/3) and PM (*2/3 and *2/2) indicated differences (see table 1) in the 

intragastric pH between each group.  The pH values were the highest in the CYP2C19*3 

allele carrying group followed by the CYP2C19*2 allele in single and repeated omeprazole 

administer. In the PM, the area under the curve plasma concentration (AUC) over 24 hours  

was higher for omeprazole and its metabolite sulfone which is converted by CYP3A4 when 

compared with the hetEM and homEM. The concentration of the 5-hydroxyomeprazole 

metabolite converted by CYP2C19 was lower. Rabeprazole showed no difference in 

intragastric pH values between the genetic groups. 42 Thus, CYP2C19 deficiency causes 

sustained omeprazole plasma concentrations resulting in an extended inhibition of gastric 

acid secretion when compared to the other metabolic phenotypes.  
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Table 1 The clopidogrel and omeprazole pharmacokinetic and pharmacodynamic characteristics in different CYP2C19 
genotypes. 

 Clopidogrel I Omeprazole II 

CYP2C19 AUC0-24h (ng h mL
-1

) Cmax (ng h mL
-1

) IPA (at 4h) AUC0-24h (ng h mL
-1

) Intragastric pH 
*1/1 76.2 ± 17.9 58.4 ± 9.2 39.1 ± 3.4% 523.5 ± 120.4 2.3 
*1/2 
*1/3 

41.5 ± 5.7 35.3 ± 4.3 20.3 ± 3.9% 1095.6 ± 144.2 3.3 

*2/2 
*2/3 

26.9 27.9 3.8% 5606.8 ± 1055.7 4.1 

 
The data was extracted from Brandt, et al., 2007 

40
 and Shirai, et al., 2001

42
 

I 
Repeated dose (300 mg) clopidogrel

 II
 single dose (20 mg) omeprazole. 

Potential interaction mechanism of omeprazole and clopidogrel  
 

Several clinical studies suggested that omeprazole attenuates the efficacy of clopidogrel. 39  

The underlying clinical drug interaction mechanism (see Figure 1) between omeprazole and 

clopidogrel is still not completely understood.  In a study by Ohbuchi et al., the bioactivation 

of 2-oxo-clopidogrel to its active metabolite was studied in vitro with recombinant human 

CYP isoenzymes. To stabilize the thiol active form of clopidogrel it was derivatized and 

analyzed by liquid chromatography-tandem mass spectrometry (LC-MS/MS).  The results 

showed that omeprazole inhibited the bioactivation of 2-oxo-clopidogrel to its active 

metabolite for CYP2B6, CYP3A4, and CYP2C19  in a concentration-dependent manner. The 

half maximal inhibitory concentration (IC50)  of omeprazole for CYP2C19 was less when 

compared with the other isoenzymes. The metabolic activity of CYP2C19 enzyme was also 

inhibited by other PPIs (lansoprazole, esomeprazole, pantoprazole, and rabeprazole). The 

gastric acid suppressing H2-receptor antagonist famotidine inhibited the clopidogrel 

metabolic activation slightly. 43 Another study by Boulenc et al. performed both a static and 

dynamic model analysis on physiologically based pharmacokinetics, to study in vitro the 

relative inhibition of CYP2C19 by omeprazole. This was performed  in human liver 

microsomes (CYP2C19 intermediate (IM), extensive (EM) and ultrarapid (UM) metabolizers) 

preparations.  A time-dependent inhibition assay indicated a hyperbolic relationship 

between the inhibition constant (Ki),  the rate of CYP2C19 inactivation (Kinact) and the 

omeprazole concentration. CYP2C19 involvements were estimated to be from 58 to 67% in 

IM, from 58 to 72% in EM, and from 56 to 74% in UM. The inhibitory parameters of 

omeprazole in combination with the CYP2C19 relative estimated contribution to the 

formation of the active metabolite was predicted at 80-mg omeprazole dose in EM, IM, and 

UM. 17 Ogilvie et al. showed similar results in their time-dependent inhibition assay. In an 

assessment of inhibition reversibility by ultracentrifugation, the residual activity of CYP2C19 

was not reserved. The result indicated an irreversible or quasi-irreversible inhibition of the 

CYP2C19 enzyme by omeprazole. 44 In general, the studies concluded that the reduced 

efficacy of clopidogrel is due to the irreversible mechanism-based inhibitor function of 

omeprazole for the CYP2C19 enzyme.  
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Figure 1 The metabolism of clopidogrel and omeprazole by CYP isoenzymes including a potential interaction mechanism 
for omeprazole by  inhibition of  CYP2C19 enzyme.  
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The effect of omeprazole on clopidogrel activity in CYP2C19 poor 

metabolizers  
 

As stated previously, the efficacy of clopidogrel might be attenuated by omeprazole with a 

higher risk of adverse cardiovascular events or even mortality. However, the potential 

influence of CYP2C19 genetic interindividual variability was not included in these particular 

studies. The study by Furuta et al. was the first that investigated the effect of PPIs on the 

antiplatelet function in relation to the variability in CYP2C19 genotypes. In this single-arm 

crossover, study, individuals received clopidogrel for seven days before starting the PPI 

treatment including omeprazole, lansoprazole, and rabeprazole. The inhibition of platelet 

aggregation by clopidogrel was not changed by any PPI in the whole group. The aggregation 

inhibition in CYP2C19 heterozygous extensive metabolizers (*1/2, *1/3, or *2/3 genotype) 

was not decreased (see table 2) with omeprazole therapy when compared with the 

clopidogrel treatment alone. Interestingly, homozygous extensive metabolizers (*1/1 

genotype)  showed in the study a decreased inhibition (see table 2) of the ADP-induced 

platelet aggregation in the concomitant therapy. The decrease in the homEM group was not 

classified as the clopidogrel low-responder (< 30% IPA). The inhibition of platelet 

aggregation in homEMs was attenuated by omeprazole and clopidogrel administration in 

the morning but appeared to be improved when omeprazole was dosed 12 hours later. This 

was not the case in the hetEM group. 45 Another study by Liu et al. including 142 healthy 

individuals indicated similar results (see table 2) for poor metabolizers (PM; *2/3, or *2/2), 

heterozygous extensive metabolizers  (hetEMs; *1/2, or *1/3) and homozygous extensive 

metabolizers (homEMs; *1/1) in dual antiplatelet therapy in combination with omeprazole.  

The prevalence of high residual platelet reactivity on clopidogrel was higher  (68%) in the 

PM when compared with the other groups.  In randomized individuals without omeprazole 

was a better response to clopidogrel. The ADP-induced aggregation between individuals 

with or without omeprazole was the largest in homEMs when compared to the other 

genetic groups. In addition, the frequency of nonresponders to clopidogrel in combination 

with omeprazole was higher when compared to the group without omeprazole. 46 The study 

by Hokimoto et al. from 2014 examined the influence of rabeprazole on the antiplatelet 

function of clopidogrel in relation to several CYP2C19 genotypes.  Rabeprazole is 

metabolically converted in a non-enzymatic manner with a lower potent inhibition of 

CYP2C19 when compared with omeprazole. In clopidogrel-treated patients, the platelet 

reactivity and adverse cardiovascular event rate were lower in the EM group when 

compared to the IM and PM group. Individuals with clopidogrel treatment either with or 

without rabeprazole did not indicate differences in platelet reactivity and adverse clinical 

events in three genotypic groups. 47 Other PPIs such as lansoprazole, pantoprazole, and 

esomeprazole in combination with clopidogrel did not affect the platelet inhibition in 

different CYP2C19 genotypes. 48,49 The most recent observational study regarding 

clopidogrel and omeprazole in CYP2C19 polymorphisms was dated from 2011. The current 

status of the study is unknown. 50  
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Table 2 The results of the ADP-induced platelet aggregation (IPA) in CYP2C19 genotyped individuals with clopidogrel 
 treatment either with or without omeprazole from two independent studies. 

 IPA (%)  

CYP2C19  
No PPI 

 
Omeprazole 

Δ IPA p-value Reference 

*1/1 58.3 51.2 7.7 0.015 
Furuta et al., 

2010 
45

 

*1/2 
*1/3 
*2/3 

36.6 33.3 3.3 0.443 

*1/1 45.7 ± 14.2 35.5 ± 16.0 10.2 0.028 
Liu et al., 

2012 
46

 

*1/2 
*1/3 

47.2  ± 13.1 41.4 ± 14.4 5.8 0.085 

*2/2 
*2/3 

53.9 ± 13.0 52.9 ± 15.0 1.0 0.864 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Clopidogrel 
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Discussion 
 

The findings suggest that CYP2C19 genotyping useful in clopidogrel-treated patients with 

concomitant omeprazole treatment in order to identify poor metabolizing population as 

well as in extensive metabolizing populations. This to reassure a sufficient effect  of 

antiplatelet therapy in combination with PPIs, and thus prevent the occurrence of adverse 

cardiovascular events. A significant number of retrospective and prospective population-

based cohort studies investigated the potential association between omeprazole in relation  

to the attenuated functional effect of the antiplatelet agent clopidogrel. The combined 

study results confirm a relation between clopidogrel treatment in combination with 

omeprazole and an increased recurrence risk of major cardiovascular events. These results 

were confirm previous ex vivo and in vitro pharmacological observations. The clopidogrel 

efficacy was more affected in CYP2C19*2 and CYP2C19*3 loss of function allele carriers 

when compared with the wildtype allele group. Conversely, omeprazole was more efficient 

in the loss of function alleles than in the wildtype group. However, the studies hitherto did 

not include the effect of interindividual CYP2C19 genetic variability in relation to  clopidogrel 

treatment in combination with omeprazole. Interestingly, the  platelet aggregation was 

reduced in homozygous CYP2C19*1 carriers who received clopidogrel treatment 

concomitant with omeprazole when compared with the heterozygous (CYP2C19*1, *2 or 

*3) carriers. This results partially rejects the previously defined hypothesis that the 

clopidogrel and omeprazole interaction is negatively affected by CYP2C19 polymorphisms. 

Therefore it would be more likely that poor metabolizers have a higher recurrence risk of 

cardiovascular events when compared with the extensive metabolizer phenotype.  

The following explanations can be offered for the reason why clopidogrel was more affected 

in reduced function CYP2C19 alleles. The metabolic activation of clopidogrel is dependent 

upon CYP isoenzymes especially CYP2C19 and CYP3A4. The reduced function of the enzymes 

might affect the activation of clopidogrel with negative consequence for the efficacy of the 

antiplatelet function. The omeprazole efficacy measured by the intragastric pH was lower in 

the homozygous CYP2C19*1 metabolizers when compared with the other genotypes. The 

high rate of metabolic activity could be an explanation for these observations. The Dutch 

Pharmacogenetics Working Group recommens a higher omeprazole dose for the ultrarapid 

metabolizer CYP2C19*17/17 genotype in the eradication of the gut bacteria Helicobacter 

Pylori based on the highly increased metabolism. 51 The following interpretation could be 

offered as reason why homozygous CYP2C19*1 carriers were relative more affected by 

clopidogrel treatment in combination with omeprazole when compared with heterozygous 

carriers. The increased metabolic rate of the CYP2C19*1/1 enzyme variant might be more 

inhibited due to a higher potential affinity of omeprazole for this particular enzyme when 

compared with other polymorphic CYP2C19 enzymes variants.  
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The higher affinity of omeprazole for the functional more active enzyme consequently 

inhibits the metabolic activation of clopidogrel more. Therefore, the relative maximal 

platelet aggregation is more affected in the CYP2C19*1/1 when compared with other 

CYP2C19 genetic variants. Conversely, the reduced functional CYP2C19 enzyme variants 

might be less affected by the inhibitory effect of omeprazole. This may result in a less 

affected clopidogrel activation which presumably has fewer implications for the relative 

antiplatelet aggregation functionality of clopidogrel.  

The CAPRIE (clopidogrel versus aspirin in patients at risk of ischaemic events) randomized 

blinded trial including about 20.000 patients found slightly less (1.99%) gastrointestinal 

adverse events for clopidogrel monotherapy when compared with aspirin (2.66%). 52 

Therefore, it may be assumed that PPI prescription is only necessary after clinical 

complications of gastrointestinal events. The use of other gastric acid inhibitor like the 

histamine H2-receptor antagonist famotidine was reported to prevent gastrointestinal 

damage. This gastric acid inhibitor has little or no effect on CYP isoenzymes and 

consequently does not attenuated the efficacy of clopidogrel.  53      

The importance of these findings might have clinical implications for the clopidogrel-

treatment in combination with omeprazole. In a pan-ethnic analysis including Caucasian, 

African American, Hispanic, and Ashkenazi Jewish populations more than 40% was classified 

as homozygous CYP2C19*1 carrier. The poor metabolizer phenotype was lower in this pan-

ethnic analysis. 54 In Japanese, Chinese and Koreans the poor metabolizer phenotype is 

much higher than that reported in the Caucasian population. It is imported to remember 

that an estimated 23.6 million persons per year will be affected by cardiovascular diseases 

worldwide by the year 2030 with an annual cost of 316.6 billion dollars. 55 A cost-

effectiveness study showed that genotype-guided antiplatelet therapy may be more cost-

effective when compared to the selection without regard to the CYP genotype status of the 

patient.  56  New studies are indispensable to optimize the cardiovascular therapies and 

reassure the effectivity of the current therapies.   

The results in this study most be interpreted within the limitations of the available studies.   

The clinical effects of omeprazole on the activity of clopidogrel in interindividual CYP2C19 

variability is studied rather limited. The studies by Furuta et al. and Liu et al. investigated 

presumably only Asian population in a rather limited amount. The statistical calculations 

were not adjusted to a wider ethnical population. In the studies only ex vivo samples were 

analyzed on platelet aggregation. Up to now there are no retrospective or prospective 

population-based cohort studies who investigated the consistency of the ex vivo results. 

Consequently it is not possible to relate clopidogrel treatment in combination with 

omeprazole in homozygous CYP2C19*1 carriers to a different adverse cardiovascular rate 

when compared with other genotypes. The study by Furuta et al. did not include the 

patients treated with aspirin which is specified by clinical consensus in clopidogrel 

treatment. A possible additional effect of aspirin was not excluded in relation to CYP2C19 

status and omeprazole plus clopidogrel.  
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An in vivo study concluded that low-dose aspirin induced the activity of the CYP2C19 

enzyme. Aspirin is mainly metabolized by nonspecific esterases in the liver but not by the 

CYP isoenzymes. 57  In addition, several large scale population-based studies indicated no 

association between clopidogrel treatment with omeprazole in relation to adverse 

cardiovascular events. 38 These results should not be neglected.  

Further additional research studies must be carried out to investigate the association 

between CYP2C19 genotype status in relation to clopidogrel metabolism in combination 

with PPIs. It might be especially interesting to study the less common ultrarapid metabolizer 

CYP2C19*17 allele in relation to clopidogrel treatment with omeprazole. In addition, large 

scale prospective population-based studies might contribute to reveal clinical implications 

and usefulness of CYP2C19 genotyping in antiplatelet therapy.  

In conclusion, clinical practitioners should be aware of the possible adverse consequences of 

the combined treatment with PPIs, especially omeprazole. The necessity of PPIs in 

antiplatelet therapy should be reconsidered.  However, the efficacy of antiplatelet therapy 

with or without PPIs is mainly based on CYP2C19 genotype status. Therefore, genotype-

guided antiplatelet therapy should be discussed to avoid unnecessary adverse 

cardiovascular risks.  
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