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ABSTRACT  

Dual antiplatelet therapy (DAPT) with aspirin and Clopidogrel 

reduces the risk for recurrent cardiovascular events after acute coronary 

syndrome (ACS) and percutaneous coronary intervention. However, there 

is significant variation in response to DAPT that may be influenced by 

both genetic and non-genetic factors. The aim of the present study was to 

assess the effect of genetic polymorphisms in PON1, PEAR-1, P2Y12, 

CES1 and CYP2C19 along with clinical, demographic, and social factors, 

on variation in response to Clopidogrel plus aspirin therapy in Egyptians. 

This study included 230 Egyptian patients treated with Clopidogrel 75 

mg/day and aspirin 81 mg/day for at least 12 months following their first 

ACS. It was found that CYP2C19*2 polymorphism was the only genetic 

predictor of major adverse cardiovascular events (MACE), defined as the 

occurrence of recurrent ACS, ischemic stroke, stent-related 

revascularization or death (OR 2.23, 95% CI: 1.15 – 4.33, p=0.01). 

Moreover, the use of proton pump inhibitor (PPI) (OR 4.77, 95% CI: 1.47 

– 15.54, p=0.009) and diabetes (OR 1.83, 95% CI: 1.03 – 3.26, p=0.03) 

were associated with higher cardiovascular risk, while the use of statins 

was associated with lower risk (OR 0.43, 95% CI: 0.25 – 0.76, p=0.003). 

The contribution of these five genetic and non-genetic factors explained 

19% of the variability in risk for MACE in Egyptians treated with 

Clopidogrel and aspirin. The previously mentioned results showed that 

CYP2C19*2 polymorphism, along with diabetes, and use of PPI and 

statins are important factors highly associated with the variability in 

clinical response to Clopidogrel plus aspirin following ACS in Egyptians. 

Keywords: Clopidogrel, aspirin, dual antiplatelet, Egyptians, P2RY12, 

CES1, CYP2C19. 
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INTRODUCTION 

Acute coronary syndrome (ACS), a form of coronary heart disease, 

has a substantial economic and societal impact in various countries. 

Epidemiological data showed that re-infarction and death are the two 

major clinical outcomes following ACS.   It was established that people 

40 years old or more (18% of males and 23% of females) may suffer from 

death after 1 year of myocardial infarction MI (Lloyd et al., 2011).  

Information concerning the demographics in Egyptian patient with ACS 

is incompletely clear.  

Platelet attachment, activation, and aggregation after plaque 

rupture or abrasion are significant determinants of blood vessel 

thrombosis prompting ACS. Antiplatelet treatment, which targets 

pathways of platelet activation and aggregation, is essential in the 

treatment of ischemic occasions in ACS patients. Pharmacotherapy for 

ACS includes anticoagulants, fibrinolytics, and antiplatelet drugs to 

diminish the rate of cardiovascular events (Kushner et al., 2009). 

Dual antiplatelet therapy (DAPT) as Clopidogrel, prasugrel or 

ticagrelor in conjunction with aspirin, is the treatment of choice in ACS 

patients. Drug choice should be based on the individual patient's 

characteristics and contraindications; Clopidogrel will be used if, 

prasugrel and ticagrelor are contraindicated or not obtainable. There is a 

strong evidence that DAPT with aspirin and thienopyridines (e.g. 

Clopidogrel), can significantly reduce the cardiovascular events in 

patients with all types of ACS (Anderson et al., 2007), with or without 

percutaneous coronary intervention. On the basis of this evidence, 

antiplatelet therapies are generally accepted as the standard of care for the 

management of ACS (Kushner et al., 2009). 

It is recognized that atherothrombosis is the most widely 

recognized cause behind ACS, and has a pivotal role in developing 
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complications. Vascular endothelial damage and plaque burst are events 

prompted for platelet adhesion, and aggregation causing thrombosis, 

ischemia, and infarction that is the main pathology of ACS. Inhibition of 

platelet aggregation (IPA) by pharmacological treatment prevents 

formation and progression of thrombotic processes (Jennings, 2009).   

Aspirin or DAPT with aspirin and Clopidogrel, a thienopyridine, 

has been considered as the cornerstone of antiplatelet therapy in an 

attempt to prevent complications among patients with ACS (Scott et al., 

2013, Levine et al., 2014). Around 85% of Clopidogrel is hydrolyzed in 

the liver during the first-pass metabolism by esterase, essentially 

carboxylesterase 1 (CES1), to inactive metabolites. the remaining  15% of 

Clopidogrel prodrug will be converted to an active metabolite that 

happens in the liver by two consecutive oxidation steps that include 

several cytochrome P450 (CYP450) enzymes (CYP1A2, CYP2B6, 

CYP2C9, CYP2C19, CYP3A4/5) (Scott et al., 2013).  

An association between CYP2C19 gene polymorphisms and the 

enzyme activity has been demonstrated. The most common genetic 

variation, designated as CYP2C19*2, leads to a splicing defect that 

functionally affects the enzyme resulting in loss of function. The 

CYP2C19*2 allelic variant has been associated with higher levels of ADP-

induced platelet aggregation values in Clopidogrel-treated patients and, 

consequently, a higher risk of adverse cardiovascular events, as stent 

thrombosis (Collet et al.,  2009). Moreover, an allelic variant recently 

reported, CYP2C19*17 has been associated with increased enzyme function 

(Simon et al., 2009). Thus, individuals harboring this genetic variant could 

have an enhanced response to antiplatelet treatment with Clopidogrel, 

improving the prevention of thrombotic events, but, on the other hand, 

having a putative increased risk of bleeding (Sibbing et al., 2011). 

In humans,  carboxylesterase CES1 is the most predominant 

hydrolytic enzyme, catalyzing the hydrolysis of numerous ester- and 


