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Abstract. – OBJECTIVE: Several patients un-
dergoing endovascular intervention and bypass 
surgery present with high platelet reactivity fol-
lowing clopidogrel treatment. We aimed to de-
termine the frequency of the genetic polymor-
phism of CYP2C19*2 and the contribution of this 
polymorphism along with other clinical parame-
ters to clopidogrel response in an Egyptian pop-
ulation.

PATIENTS AND METHODS: A total of 50 pa-
tients receiving clopidogrel at a maintenance 
dose of 75 mg daily post vascular intervention 
from January 1, 2019, to May 30, 2020, were en-
rolled in this study. Clopidogrel resistance was 
determined through platelet aggregation anal-
ysis using Chrono-Log® platelet aggregome-
ter. Single-nucleotide polymorphism (SNP) ge-
notyping was performed using quantitative re-
al-time polymerase chain reaction (QRT-PCR). 

RESULTS: The incidence of clopidogrel resis-
tance among this Egyptian population is about 
22%. Univariate analysis demonstrated that CY-
P2C19*2 genotype (p = 0.001), high body mass 
index (BMI; p = 0.025), diabetes (p = 0.037),  high 
fasting blood glucose (FBG) level (p = 0.037), and 
high glycosylated hemoglobin (HbA1c) level (p = 
0.004) were significantly associated with clopido-
grel resistance. Multivariate analysis showed that 
CYP2C19*2 genotype (odds ratio (OR), 927.71; 
95% confidence interval (CI), 1.915–449496.2; p 
= 0.030) and high BMI (OR, 1.789; 95% CI, 1.044–
3.064; p = 0.034) were the most powerful predic-
tors of clopidogrel resistance.

CONCLUSIONS: Clopidogrel resistance in pa-
tients with peripheral vascular disease is asso-
ciated with the presence of CYP2C19*2 allele, 
obesity, and diabetes; these factors should be 
considered prior to clopidogrel administration. 
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Introduction

Lower extremity peripheral artery disease 
(PAD) is prevalent, affecting more than 200 
million individuals worldwide. The generation 
of thrombi resulting from platelet activation and 
aggregation is the most critical step involved in 
atherosclerotic vascular diseases, such as  PAD1. 
Patients with PAD may be asymptomatic or pres-
ent with symptoms such as intermittent claudi-
cation (IC) or critical limb ischemia (CLI), in 
addition to rest pain and trophic changes. CLI 
is an absolute indication for revascularization to 
achieve limb salvage and  avoid major amputa-
tion1,2. Patients with PAD bear an increased risk 
of mortality and presenting with cardiovascular 
events such as stroke and acute myocardial in-
farction1. Pharmacotherapy aims at decreasing 
the risk of future cardiovascular morbidity (and 
subsequent mortality) in patients with PAD, im-
proving the walking ability of patients with IC, 
and reducing major amputation in patients with 
CLI. Secondary prevention is facilitated through 
using antiplatelet agents and modifying other risk 
factors such as tobacco use, hypertension, hper-
lipidemia, and diabetes3.

A large-scale study showed that clopidogrel is 
superior to aspirin in decreasing the risk of isch-
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emic stroke in patients with stroke, myocardial 
infarction, or PVD4. Clopidogrel is an antiplatelet 
agent and a prodrug that is activated by the hepat-
ic cytochrome P450 to give the active metabolite 
(thiol) that irreversibly connects to the platelet 
surface of the adenosine diphosphate (ADP) re-
ceptor P2Y12. While clopidogel is commonly 
used, a big interindividual reaction variability ex-
ists5. This clopidogrel responsiveness variability 
is believed to be multifactorial and include both 
extrinsic and intrinsic variables. Extrinsic vari-
ables include patient noncompliance, inappropri-
ate dosage or underdosing, and the occurenece 
of drug–drug interactions. Intrinsic variables in-
clude high pretreatment levels of platelet reactiv-
ity, intestinal drug absorption variability, and the 
prescence of genetic polymorphism6. Platelets 
play an important role in the pathogenesis of a 
disease, and as a result, platelet function testing 
has become increasingly necessary as it helps 
determine drug efficacy7. In fact, several platelet 
function assays have been designed to establish 
an optimal therapeutic window for platelet inhi-
bition. These assays aim to tailor antiplatelet ther-
apies in the treatment of PAD, the use of a light 
transmission aggregometry (LTA) being among 
them8. The notion of clopidogrel resistance or 
high on-treatment platelet reactivity (HTPR) is 
used to define patients who, despite taking an-
tiplatelet treatment, demonstrate higher platelet 
reactivity than the reference range. Therefore, 
those patients are at greater danger of presenting 
with ischemic events9. This concept was initially 
identified in patients with coronary artery dis-
ease; however, HTPR in patients with PAD (es-
pecially those undergoing percutaneous translu-
minal angioplasty (PTA)) has also been recently  
documented by a limited number of studies9. One 
should note that HTPR has been related to major 
adverse events (reintervention, major amputation, 
and cardiovascular death) during follow-up in 
patients with PAD2.

CYP2C19 is the most studied enzyme in the 
metabolism of clopidogrel. More than 2,000 sin-
gle-nucleotide polymorphisms (SNPs) have been 
identified in the CYP2C19 gene, including 35 
registered alleles in the Pharmacogene Variation 
Consortium10. However, only SNPs with an allele 
frequency above 5% (such as the *2, *3, and *17) 
have been more extensively studied11. The CY-
P2C19*2 and CYP2C19*3 alleles are associated 
with decreased or absent enzyme activity, where-
as the CYP2C19*17 allele is associated with ultr-
arapid enzyme activity12. CYP2C19*2 (rs4244285, 

681G>A) is the most common nonfunctional al-
lele, with a frequency of 25%–30% in Caucasians, 
30% in Africans, and 40%–50% in East Asians13.  
Hyporesponse to clopidogrel is correlated with 
CYP2C19 nonfunction or low-function polymor-
phisms, as demonstrated by reduced active me-
tabolite concentrations of the drug. Therefore, the 
risk of adverse vascular occurrences is greater in 
patients with such polymorphisms14. The Food 
and Drug Administration added a black box 
warning to clopidogrel as a result of this gene 
polymorphism12. The present study aims to deter-
mine the frequency of the genetic polymorphism 
of CYP2C19*2 in an Egyptian population with 
PAD and assess the contribution of this poly-
morphism along with other clinical parameters to 
clopidogrel response. The obtained data may help 
improve individualized antiplatelet treatment op-
tions for patients with PAD and reduce adverse 
side effects. To our knowledge, this study is the 
first to evaluate the correlation between plate-
let responsiveness to clopidogrel and CYP2C19 
polymorphism in Egyptian patients with PAD.

Patients and Methods

Study Design
This is an observational cross-sectional study 

that has recruited 50 patients. This study was 
conducted at the Alexandria Main University 
Hospital (AMUH) between January 2019 and 
May 2020. Approval was obtained from the Re-
search Ethics Committee of the Faculty of Phar-
macy of Damanhour University and from the 
Ethics Committee of AMUH, Egypt. The study 
adhered to the principles of the Declaration of 
Helsinki with regard to ethical principles for re-
search involving human subjects. 

Patients
The inclusion criteria for this study include 

Patients aged >30 years who use clopidogrel as 
an antiplatelet therapy based on a physician s̓ 
diagnosis and who were on a maintenance dose 
of 75 mg for at least one week post vascular in-
tervention. The exclusion criteria include the use 
of aspirin, anticoagulants, and/or fibrinolytics 
within 30 days prior to testing; the concomitant 
use of drugs affecting clopidogrel metabolism, 
such as proton pump inhibitors, calcium channel 
blockers, and/or statins (except pravastatin); the 
concomitant use of any other ADP antagonists; 
the presence of an active neoplasm or a history of 
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neoplasm; a family history of bleeding disorders; 
severe hepatic insufficiency; chronic kidney dis-
ease; and platelet count <100,000/mm3.

Data Collection and Patient Interview
The study goals and procedures were clarified 

both verbally and in writing through the consent 
form to each chosen patient. Before attending, all 
patients signed the consent form. Data were col-
lected from the medical file of patients into a data 
collection form; information included the gender, 
age, height, weight, clopidogrel use, medical his-
tory, surgical history, and lifestyle of patients, in 
addition to present and past medication.

 Sample Collection and Handling 
Blood samples (6 ml) were obtained from 

peripheral veins of participants using complete 
aseptic technique into tri-potassium ethylenedi-
aminetetraacetic acid (K3EDTA) tubes and into 
3.2% tri-sodium citrate tubes for platelet function 
tests. The obtained blood samples were directly 
sent to the hematology laboratory for platelet ag-
gregation testing and were subsequently analyzed 
within a period ranging from 0.5 to 3 h using 
Chrono-Log® platelet aggregometer (Chrono-Log 
Corp., Havertown, PA, USA). The K3EDTA tube 
samples were then used for DNA extraction and 
molecular analysis.

Demographic and 
Biochemical Measurements

Body mass index (BMI) was calculated as 
(weight in kg) / (height in m)2. Patient laboratory 
data on complete blood count, lipid profile (total 
cholesterol, TC; triglycerides, TG; high-density 
lipoprotein, HDL; and low-density lipoprotein, 
LDL), serum creatinine, fasting blood glucose 
(FBG), and glycosylated hemoglobin (HbA1c) 
were taken from the patients’ medical files. 

Platelet Aggregation Assay
Platelet aggregation was assessed using LTA.  

LTA was performed on platelet-rich plasma (PRP) 
using the turbidimetric method in a four-channel 
aggregometer (Chrono-Log 490 Model, Chro-
no-Log Corp., Havertown, PA, USA) according 
to standard protocols15. The PRP and the plate-
let-poor plasma (PPP) were separated by centrif-
ugation. The PRP was obtained as a supernatant 
after the centrifugation of citrated blood at 170 g 
for 15 min, and the PPP was obtained following 
a second centrifugation of the samples at 2,400 
g for 20 min. Light transmission was adjusted 

to 0% with PRP and to 100% with PPP for each 
measurement. Curves were recorded over a pe-
riod of 5 min, and platelet aggregation was de-
termined as the maximal percent change in light 
transmittance from baseline using PPP as a refer-
ence15. ADP (Bio Top Medical Company, USA) 
at a final concentration 10 μM was used to assess 
the P2Y12-dependent pathway aggregation. HPR 
was defined as more than or equal to 60% of the 
maximal ADP-induced aggregation. The increase 
in light transmittance is directly proportional to 
the amount of aggregation, and it was amplified 
and recorded as a signal on a chart paper or dig-
itized into a computer using the AGGRO/LINK® 
Opti8TM software.

Pharmacogenetic Analysis
Genomic DNA was extracted from EDTA-an-

ticoagulated whole blood. The obtained samples 
were processed using a QIAamp Genomic DNA 
Purification Kit # K51104 (QIAGEN, Germany) 
via a column method. The extracted DNA con-
centration and purity were evaluated according 
to the manufacturer’s protocol using a Nano-
Drop™ 2000 spectrophotometer (Thermo Fisher 
Scientific, Waltham, MA, USA) by measuring the 
absorbent wavelengths from 260 to 280 nm. The 
extracted DNA was stored at -80°C until used16.

Quantitative Real-Time Polymerase 
Chain Reaction (QRT-PCR) for 
CYP2C19 Gene

The extracted DNAs were genotyped using 
validated TaqMan Master Mix and TaqMan 
SNP Genotyping Assay primer and probes 
(C_25986767_70, Applied Biosystems, Fos-
ter City, CA, USA). The SNP genotype G681A 
(rs4244285) was surveyed to characterize the 
allele *2. CYP2C19 polymorphisms were deter-
mined using QRT-PCR (Stratagene Real-Time 
PCR System; Applied Biosystems, USA). The 
final reaction volume of 25 μL consisted of 2 μL 
of template DNA, 9.25 µL DNase, RNase-free 
water, 12.5 μL of 2X TaqMan Universal Master 
Mix (Applied Biosystems, USA), and 1.25 μL of 
working stock of SNP genotyping assay, accord-
ing to the manufacturer’s recommendations. The 
amplification reaction was carried out as follows: 
an initial denaturation at 95 °C for 10 min, fol-
lowed by 40 cycles of denaturation at 95 °C for 15 
sec, and annealing/extension at 60 °C for 1 min. 
All experiments were conducted in duplicate17. 
Fluorescence signal intensity due to the degrada-
tion of the TaqMan probe was quantified during 
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the annealing/denaturation phase of each PCR 
cycle. For the allelic discrimination, two probes 
with different reporters were used: one that gives 
green color (FAM) and another that gives yellow 
color (VIC). An increase in the fluorescence signal 
of a particular dye indicates homozygosity for the 
allele whose probe was labeled by that dye, whereas 
an increase in both signals indicates heterozygosity 
for both alleles.

Follow-Up and Clinical Outcomes
Follow-up was performed at 1, 3, 6, and 12 

months post vascular intervention using duplex 
ultrasound imaging and assessing the ankle–
brachial index. During follow-up, if the treated 
lesions demonstrated restenosis, computed to-
mography angiography was used to confirm the 
particulars of the lesions. Clopidogrel adherence 
was also assessed during the examination. The 
endpoints of our study were death, major ampu-
tation, and limb salvage.

Statistical Analysis
Data were fed to the computer and analyzed 

using the IBM SPSS software package version 
20.0 (IBM Corp., (Armonk, NY, USA). Qual-
itative data were described using number and 
percentage. Quantitative data were described 
using mean ± SD. The Kolmogorov–Smirnov 
test was used to verify the normality of the data 
distribution. The Chi-squared test was used 
to test SNP for Hardy–Weinberg equilibrium. 
Categorical variables were analyzed using the 
Chi-squared and Fisher’s exact tests. Quanti-
tative variables with normal distribution were 
compared using the Student’s t-test, whereas 
quantitative variables with abnormal distribu-
tion were compared using the Mann–Whitney 
test. The significance of the obtained results 
was judged at the 5% level. Logistic regression 
was used to determine the predictive power of 
different variables.

Results

This study was conducted on 50 patients who 
were taking clopidogrel at a maintenance dose of 
75 mg daily. Based on their platelet aggregation 
test result, the patients were divided into two 
groups: the clopidogrel-resistant group (n = 11; 
for those scoring more than or equal to 60%) 
and the clopidogrel-sensitive group (n = 39; for 

those scoring less than 60%). The demographic 
and clinical characteristics of the participants 
are presented in Table I. The mean age of all 
participants was 58.54 ± 10.30 years. The study 
included 38 males (76%) and 12 females (24%); 
of these patients, 21 have hypertension (42%), and 
26 have diabetes patients (52%). Among all the 
participants, 21 have dyslipidemia (42%), and 24 
were smokers (48%).

Table II presents the distribution of the study 
patients according to clinical presentation, 
whereas Table III presents the distribution of 
patients according to the type of procedure 
performed. The clinical characteristics and 
current medication use of patients both in 
the clopidogrel-resistant and clopidogrel-sen-
sitive groups are summarized in Table IV. 
The mean age was 60.27 ± 9.05 and 58.05 ± 
10.69 years for the clopidogrel-resistant and 
clopidogrel-sensitive groups, respectively. The 

BMI: body mass index; HDL: high density lipoprotein; LDL: 
low density lipoprotein; FBG: fasting blood glucose; HbA1c: 
glycosylated hemoglobin.

Table I. Demographics and clinical characteristics of pa-
tients participating in the study.

	 Variable	 All patients (n = 50)

Gender (M/F)	 38:12 (3.1:1)
Age (years)	 58.54 ± 10.30
BMI (kg/m2)	 28.85 ± 3.93
Hypertension 	 21 (42.0%)
Diabetes 	 26 (52.0%)
Dyslipidemia	 21 (42%)
Smoking	 24 (48%)
Total Cholesterol (mg/dl)	 179.9 ± 49.71
Triglycerides (mg/dl)	 122.3 ± 57.60
HDL (mg/dl)	 42.91 ± 9.69
LDL (mg/dl)	 112.8 ± 50.87
Serum Creatinine (mg/dl)	 1.0 ± 0.26
FBG (mg/dl)	 154.0 ± 69.90
HbA1c (%)	 8.04 ± 1.96
Hemoglobin (g/dl)	 12.57 ± 1.84
Hematocrit (%)	 36.62 ± 5.36
Platelets count (103/mm3)	 250.6 ± 79.84

Table II. Distribution of patients participating in the study 
according to clinical presentation (n=50).

		  Number
	 Clinical presentation	 of patients

Intermittent claudication	 10
Rest pain	 15
Gangrenous toes& minor amputation stump	 25
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clopidogrel-resistant group included 7 males 
(63.6%) and 4 females (36.4%), whereas the 
clopidogrel-sensitive group included 31 males 
(79.5%) and 8 females (20.5%). Those who were 
clopidogrel-resistant had significantly higher 
BMI than those who were clopidogrel-sensitive 
(31.38% vs. 28.13%, p = 0.014). Moreover, a 
medical history of diabetes was significantly 
associated with clopidogrel resistance (81.8%, 
p = 0.025). It was observed that none of the 
concurrent medication used was significantly 
associated with clopidogrel resistance, and no 
significant association was identified between 
the response to clopidogrel and gender, age, hy-
pertension, smoking, or dyslipidemia. Among 
the tested biochemical and hematological pa-
rameters (TC, TG, HDL, LDL, Hb, hematocrit, 
platelet count, and serum creatinine), only FBG 
and HbA1c were associated with a decrease in 

clopidogrel response, with p-values of 0.003 
and <0.001, respectively (Table V).

The genotyping and allele frequencies of 
rs4244285 were analyzed for all study partic-
ipants. The results showed that heterozygote 
GA carriers were more resistant to clopidogrel 
than the wild-type patients carrying a GG (p 
< 0.05). Therefore, A allele carriers were more 
resistant to clopidogrel than G allele carriers (p 
< 0.001). The G allele of rs4244285 SNP was 
more common than A allele in the studied pop-
ulation (93% vs.7%; p < 0.001). The genotype 
distribution of the studied SNP was consistent 
with the Hardy–Weinberg equilibrium (p > 
0.05; Table VI).

A correlation was identified between the clin-
ical characteristics of patients (hypertension, 
diabetes, dyslipidemia, and smoking) and the 
distribution of the 681G >A SNP. All patients 

Table III. Distribution of patients participating in the study according to type of procedure (n=50).

	 Procedure		  Number of patients

Endovascular	 15	 Tibial angioplasties (PTA)
	 10	 Superficial femoral artery (SFA) + tibial angioplasty
	   5	 Iliac stenting
Open surgery	   5	 Aorto bifemoral bypass graft (ABF)
	   6	 Femoropopliteal bypass graft 
	   1	 ABF bypass + femoropopliteal bypass
Hybrid procedure (endovascular + open surgery)	   6	 Femoropopliteal bypass + tibial angioplasty
	   2	 Iliac stenting + femoropopliteal bypass

H2RA: H2-receptor antagonist; ACEI: angiotensin converting enzyme inhibitor; ARB: angiotensin receptor blocker.

Table IV. Comparison of clinical characteristics and current medication use between the clopidogrel resistant and sensitive 
groups.

	 Characteristics	 Clopidogrel resistant (n = 11)	 Clopidogrel sensitive (n = 39)	 p-value

Gender (M/F)	 7:4 (1.75:1)	 31:8 (3.8:1)	 0.424
Age (years)	 60.27 ± 9.05	 58.05 ± 10.69	 0.533
BMI (kg/m2)	 31.38 ± 2.04	 28.13 ± 4.05	 0.014*
Hypertension	 5 (45.5%)	 16 (41%)	 1.000
Diabetes	 9 (81.8%)	 17 (43.6%)	 0.025*
Dyslipidemia	 6 (54.5%)	 15 (38.5%)	 0.491
Smoking	 6 (54.5%)	 18 (46.2%)	 0.623
Anti-hypertensive drugs			   1.000
    ACEI	 2 (40.0%)	 5 (31.3%)	
    ARB	 1 (20.0%)	 4 (25.0%)	
    B-blocker	 2 (40.0%)	 7 (43.8%)	
Anti-diabetic drugs			 
    Oral hypoglycemic	 6 (54.5%)	 8 (20.5%)	 0.052
    Insulin	 3 (27.3%)	 9 (23.1%)  	 1.000
Statin			   0.311
    Pravastatin	 6 (54.5%)	 14 (35.9%)	
H2RA			   0.351
    Ranitidine	 3 (27.3%)	 5 (12.8%)	
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were divided into two subgroups: (1) the wild 
group (n = 43) and (2) the heterozygous group (n 
= 7). No significant correlation between them was 
observed (p > 0.05; Table VII).

Binary logistic regression was used to de-
termine factors associated with clopidogrel re-
sistance in patients with PAD. The univariate 
logistic regression demonstrated that several risk 
factors, such as a CYP2C19*2 genotype, high 
BMI, diabetes, and high FBG and high HbA1c 
levels, were significantly correlated with clopido-
grel resistance (p < 0.01): CYP2C19*2 genotype 
(odds ratio (OR), 45.60; 95% confidence interval 
(CI), 4.512–460.89; p = 0.001), high BMI (OR, 
1.273; 95% CI, 1.031–1.573; p = 0.025), diabetes 

(OR, 5.824; 95% CI, 1.110–30.559; p = 0.037), high 
FBG level (OR, 1.018; 95% CI, 1.005–1.030; p = 
0.005) and high HbA1c level (OR, 2.453; 95% CI, 
1.332–4.517; p = 0.004). The multivariate regres-
sion analysis showed that only the CYP2C19*2 
carriage and high BMI should be considered as 
significantly associated with clopidogrel resis-
tance: CYP2C19*2 genotype (OR, 927.71; 95% CI, 
1.915–449496.2; p = 0.030) and high BMI (OR, 
1.789; 95% CI, 1.044–3.064; p = 0.034; Table VIII).

Table IX shows the clinical outcomes of both 
the clopidogrel-resistant and clopidogrel-sensitive 
groups during the one-year follow-up period. 
During the follow-up, four deaths (8%) were 
recorded: One in the clopidogrel-sensitive group 

Data are presented as mean ± SD.

Table V. Comparison of laboratory data between the clopidogrel resistant and sensitive groups.

	 Lab variable	 Clopidogrel resistant (n = 11) 	 Clopidogrel sensitive (n = 39)	 p-value

Cholesterol (mg/dl) 	 203.8 ± 49.58 	 173.2 ± 48.24	 0.061
Triglycerides (mg/dl)	 149.5 ± 75.59	 114.7 ± 50.01	 0.186
HDL (mg/dl)	 41.18 ± 9.08	 43.39 ± 9.91	 0.509
LDL (mg/dl)	 132.7 ± 61.20	 107.2 ± 46.95	 0.128
Hemoglobin (g/dl)	 12.27 ± 1.75	 12.65 ± 1.88	 0.552
Hematocrit (%)	 38.74 ± 6.27	 38.59 ± 5.16	 0.937
Platelets count (103/mm3)	 265.1 ± 74.79	 246.6 ± 81.68	 0.502
Serum creatinine (mg/dl)	 1.07 ± 0.27	 0.98 ± 0.26	 0.318
FBG (mg/dl)	 212.9 ± 49.79	 137.4 ± 66.05	 0.003*
HbA1c (%)		 9.88 ± 0.73	 7.52 ± 1.89	 < 0.001*

Table VII. Correlation between CYP2C19*2 and risk factors.

		                                              CYP2C19*2
			 
	 Risk factors	 Wild (n = 43)	 Heterozygous (n = 7)	 p-value

Hypertension	 17 (39.5%)	 4 (57.1%)	 0.434
Diabetes 	 21 (48.8%)	 5 (71.4%)	 0.420
Dyslipidemia	 16 (37.2%)	 5 (71.4%)	 0.115
Smoking	 21 (48.8%)	 3 (42.9%)	 1.000

CYP2C19*2: cytochrome p450.

Table VI. Genotypes distribution and allele frequencies of rs4244285 polymorphism.

		  Clopidogrel resistant 	 Clopidogrel sensitive
	Genotype and alleles 	 (n = 11) n (%)	 (n = 39) n (%)	 p-value

rs4244285			 
GG (1*/1*)	 5 (45.5%)	 38 (97.4%)	 < 0.001*
GA (1*/2*)	 6 (54.5%)	 1 (2.6%)	
AA (2*/2*)	 0 (0.0%)	 0 (0.0%)	
HWE	 0.214	 0.935	
Allele G (1*)	 16 (72.7%)	 77 (98.7%)	 < 0.001*
Allele A (2*) 	 6 (27.3%) 	 1 (1.3%)

CYP2C19*2: cytochrome p450; HWE: p-value for Hardy-Weinberg equilibrium.
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(due to uncontrolled gastrointestinal tract bleed-
ing at 6 months) and three in the clopidogrel- 
resistant group (one of them due to extensive 
myocardial infarction at 1 month and the other 
two due to massive stroke at 2 and 3 months). 
Among the survivors, three (6%) underwent re-
intervention, four (8%) underwent major ampu-
tation, two (4%) suffered a nonfatal myocardial 
infarction, and three (6%) had a minor stroke. 
The incidences of major amputation and death in 
the clopidogrel-resistant group were significantly 
higher than those in the clopidogrel-sensitive 
group (27.3% vs. 2.6%; p = 0.029). In our study, 

the amputation-free survival rate was 84%, and 
the limb salvage rate was 92%.

A correlation was identified between patient clin-
ical outcomes and the distribution of the 681G>A 
SNP. All patients were divided into two subgroups: 
(i) a wild (n = 43) and (ii) a heterozygous group (n 
= 7). The results showed that the incidence of major 
amputation in the heterozygous group was signifi-
cantly higher than that of the wild group (57.1% vs. 
0.0%; p < 0.001). In addition, the occurrence fre-
quency of minor strokes in the heterozygous group 
was significantly higher than in the wild group 
(28.6% vs. 2.3%; p = 0.048; Table X).

Table VIII. Univariate and multivariate analysis of factors associated with clopidogrel resistance in peripheral vascular 
disease patients.

		                             Univariate		                                          Multivariate

	 Factors	 p-value	 OR (95% CI)	 p-value	 OR (95% CI)

BMI	 0.025*	 1.273 (1.031-1.573)	 0.034*	 1.789 (1.044-3.064)
Diabetes	 0.037*	 5.824 (1.110-30.559)	 0.136	 26.264 (0.356-1937.78)
TC	 0.091	 1.012 (0.998-1.025)		
TG	 0.088	 1.010 (0.999-1.021)		
LDL	 0.161	 1.009 (0.997-1.021)		
FBG	 0.037*	 1.018 (1.005-1.030)	 0.215	 1.022 (0.988-1.057)
HbA1c	 0.004*	 2.453 (1.332-4.517)	 0.097	 3.291 (0.805-13.464)
CYP2C19*2	 0.001*	 45.60 (4.512-460.89)	 0.030*	 927.713 (1.915-449496.2)

BMI: body mass index; TC: total cholesterol; TG: triglycerides; LDL: low density lipoprotein; FBG: fasting blood glucose; 
HbA1c: glycosylated hemoglobin; CYP2C19*2: cytochrome p450; OR: odds ratio; CI: confidence interval.

MI: myocardial infarction.

Table IX. Comparison between the two studied groups according to adverse events in one-year follow-up.

	 Adverse events	 Clopidogrel resistant (n = 11)	 Clopidogrel sensitive (n = 39)	 p-value

Re-intervention	 2 (18.2%)	 1 (2.6%)	 0.118
Major amputation	 3 (27.3%)	 1 (2.6%)	 0.029*
Non-fatal MI	 1 (9.1%)	 1 (2.6%)	 0.395
Minor stroke	 2 (18.2%)	 1 (2.6%)	 0.118
Death	 3 (27.3%)	 1 (2.6%)	 0.029*

Table X. Correlation between CYP2C19*2 and adverse events.

		                                            CYP2C19*2
			 
	 Adverse events	 Wild (n = 43)	 Heterozygous (n = 7)	 p-value

Re-intervention	 3 (7.0%)	 0 (0.0%)	 1.000
Major amputation	 0 (0.0%)	 4 (57.1%)	 < 0.001*
Non-fatal MI	 1 (2.3%)	 1 (14.3%)	 0.263
Minor stroke	 1 (2.3%)	 2 (28.6%)	 0.048*
Death 		  3 (7.0%)	 0 (0.0%)	 1.000

MI: myocardial infarction.
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Discussion

Globally, the use of clopidogrel is recom-
mended in combination with aspirin as a dual 
antiplatelet therapy as a mean to prevent vascular 
diseases. Despite the importance of clopidogrel, 
studies have demonstrated that about 30% of 
patients treated with clopidogrel do not effec-
tively respond18. This phenomenon is known as 
“clopidogrel resistance,ˮ  and its exact underlying 
mechanism is not known yet. Several hypotheses 
have been proposed over the mechanisms of 
clopidogrel resistance, and these hypotheses im-
plicate both genetic (polymorphisms in the genes 
involved in the processing of clopidogrel in the 
body, such as CYP2C19) and nongenetic factors, 
such as gender, BMI, age, concomitant treatment, 
smoking status, and diseases6.

A genome-wide association study has found 
that the polymorphisms of the CYP2C19 enzyme 
(the latter being the key predictor of altered 
clopidogrel response) account for only 12% of 
the variability observed in thienopyridine clopi-
dogrel response19. Although other genetic and 
environmental factors may play an important 
role, Studies have indicated that certain nonge-
netic factors may affect the inhibitory effect of 
clopidogrel therapy on platelet function20. 

The present study aims to determine the 
frequency of the genetic polymorphism of CY-
P2C19*2 and the contribution of this polymor-
phism and other nongenetic factors to clopidogrel 
response in an Egyptian population with PAD. 
Using LTA, a 22% incidence of clopidogrel resis-
tance was observed among patients treated with 
clopidogrel following a vascular intervention, a 
finding that is consistent with rates already pub-
lished in the literature (4%–44%)21.

In the present study, the results showed that 
several clinical factors were associated with 
clopidogrel resistance. Univariate analysis 
demonstrated a statistically significant correla-
tion between clopidogrel resistance and diabetes. 
Previous clinical trials have shown that patients 
with diabetes on clopidogrel treatment had worse 
clinical outcomes and increased thrombosis22. 
The latter might be due to insulin resistance in 
patients with uncontrolled diabetes. It is well es-
tablished that type 1 (T1D) and 2 (T2D) diabetes 
adversely affect platelets via two pathways: an 
insulin receptor substrate (IRS)-1-dependent and 
IRS-1-independent pathway. The IRS-1-depen-
dent pathway produces an increase in intracellu-
lar calcium concentrations, whereas the IRS-1-in-

dependent pathway decreases cellular sensitivity 
to nitric oxide and prostacyclin23. In addition, 
increased exposure to ADP and platelet turnover 
are known to lead to HTPR24. Moreover, it is 
noteworthy to mention that an increased expres-
sion of the glycoprotein IIb/IIIa on the platelet 
surface is reported to lead to platelet aggregation 
and decreased clopidogrel responsiveness25.

Our results showed that high FBG and HbA1c 
levels were significantly correlated to clopidogrel 
resistance. Schuette et al26 reported that ADP-
PGE induced an aggregation of platelets positive-
ly correlated with FBG and HbA1c levels. The 
same authors have also documented a correlation 
between thrombogenicity and blood glucose lev-
els in T2D. Furthermore, they have reported that 
a reduction in HbA1c levels was associated with 
a reduction in blood thrombogenicity. Our results 
contrasted with Al-Azzam et al12.   

In this study, no significant correlation between 
clopidogrel resistance and age, hypertension, or 
smoking was observed. In agreement with previ-
ous studies, Al-Azzam et al12 have reported that 
age, hypertension, and smoking had no significant 
contribution to clopidogrel resistance. The blood 
pressure of our patients was tightly controlled. 
Therefore, we did not observe any correlation 
between hypertension and clopidogrel resistance. 
On the other hand, Yaseen et al25 have found a 
significant association between hypertension and 
clopidogrel resistance, whereas Khalil et al27 have 
suggested that age is significantly associated with 
nonresponse to clopidogrel. 

Our results do not demonstrate a significant 
association of co-medication with clopidogrel re-
sistance. The probable explanation could be the 
exclusion of other medication that might have 
provoked a diminished antiplatelet response due 
to a shared metabolic pathway via the CYP2C19, 
CYP3A4, or CYP2C9 isoenzymes. 

As far as the patients’ gender is concerned, fe-
male sex was previously suggested to influence 
the antiplatelet effects of clopidogrel12,28. We, on 
the other hand, did not observe any correlation 
between clopidogrel resistance and female sex in 
our study population. A meta-analysis of 79,613 
patients has not managed to find any signifi-
cant difference between males and females in 
clopidogrel resistance, a fact that supports our 
results29.

There are few studies related to the incidence 
of adverse events in patients with PAD. In our 
study, no significant correlation was found be-
tween the two groups and the reintervention 
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rate. The limb salvage rate was significantly 
higher in the clopidogrel-sensitive group than in 
the clopidogrel-resistant one (97.4% vs. 72.7%, 
respectively; p = 0.029). Pastromas et al30 have 
reported that the post PTA evaluation of the HPR 
by ADP can provide prognostic information on 
the incidence of target limb reintervention (TLR) 
and limb salvage rate in patients with PAD treat-
ed with clopidogrel and aspirin for 6 months. 
They have shown that the TLR rate was signifi-
cantly greater in the clopidogrel-resistant group 
than in the clopidogrel-sensitive one (71.2% vs. 
31.8%, respectively; p < 0.001). The limb salvage 
rate in their study was similar between the two 
groups: 98.3% in the clopidogrel-sensitive and 
96.7% in the clopidogrel-resistant group (p = 
0.56). Patients with PAD with a CYP2C19 loss-
of-function allele and HPR have been reported 
to exert a reduced response to clopidogrel ther-
apy with subsequent significantly higher risk of 
ischemic events31. The present study shows that 
CYP2C19 polymorphism has a strong association 
with clinical outcomes (major amputation and 
minor stroke). In addition, patients with clopi-
dogrel resistance experienced a higher incidence 
of major amputation and death than clopidogrel 
responders. Therefore, the CYP2C19 genotype is 
an important predictor of adverse cardiovascular 
outcomes for patients with PAD treated with 
clopidogrel.

Multivariate analysis showed that the CY-
P2C19*2 allele and a high BMI were the most pow-
erful predictors of clopidogrel resistance. In agree-
ment with previous studies, Karaźniewicz-Łada 
et al32 have reported that the multivariate analysis 
suggests a significant effect of the CYP2C19*2 
allele (p = 0.029) and a BMI that is higher than 25 
kg/m2 (p = 0.034) on ADP-induced platelet aggre-
gation. In fact, elevated BMI has been reported to 
be an independent predictor of suboptimal plate-
let response to clopidogrel29. Previous data also 
suggest that obese individuals bear an increased 
platelet function and altered clopidogrel metab-
olism, an observation that highlights the need to 
adjust clopidogrel dose in these patients. Finally, 
CYP3A4 activity has been shown to be reduced in 
overweight individuals33.

As far as the genetic factors that predispose 
to clopidogrel resistance are concerned, it has 
been recently indicated that CYP2C19 polymor-
phisms are a possible mechanism for clopidogrel 
resistance34. CYP2C19 plays a vital role in the 
transformation of clopidogrel into its active form, 
and CYP2C19 polymorphisms are linked to clopi-

dogrel response and ultimately cause thrombotic 
events. In our study, we identified a powerful 
contribution to clopidogrel resistance from the 
CYP2C19*2 SNP, as *2 allele (A allele) carriers 
were found to be more resistant than *1 allele (G 
allele) carriers35,36. The allele *2 frequency in this 
study was found to be 7%, whereas other studies 
indicated that  the allele *2 frequency has been 
reported to range from 25% to 30% in Cauca-
sians37, around 30% in Africans, and from 40% 
to 50% in East Asians. Hulot et al38 have previ-
ously observed that 10 mM ADP-induced platelet 
aggregation was slowly reduced from baseline 
during clopidogrel treatment with a maintenance 
dose of 75 mg once daily in wild-type (*1/*1) 
carriers but did not demonstrate any changes in 
heterozygous patients (*1/*2). 

We believe that the genotyping of the CY-
P2C19*2 SNP might greatly enhance the clinical 
outcome of clopidogrel therapy. Furthermore, 
the undertaking of a platelet aggregation assay 
is recommended before and after clopidogrel 
treatment with a maintenance dose of 75 mg, 
as platelet reactivity is not a stable phenomenon 
and may require repetitive testing to confirm the 
clopidogrel resistance status of patients. Patients 
with clopidogrel resistance may benefit from al-
ternative antiplatelet drugs. The use of novel and 
more potent drugs or a high clopidogrel mainte-
nance dosing may be beneficial treatment options 
for antiplatelet therapy in CYP2C19*2 carriers. 
Among the novel antiplatelet agents with the abil-
ity to resolve clopidogrel resistance are prasugrel 
and ticagrelor, both of which have recently been 
approved for clinical use. Prasugrel is a third-gen-
eration thienopyridine requiring only one step of 
hepatic metabolism; as a result, its active metab-
olites are produced faster and more efficiently, 
thus translating into a better pharmacodynamic 
effect39. Ticagrelor, on the other hand is a direct 
and reversible P2Y12 ADP receptor blocker that 
does not require hepatic metabolism and can 
achieve a greater range of platelet aggregation 
inhibition compared to clopidogrel40.

Our study had some limitations. Firstly, this 
is a pilot study with limited patient numbers. 
As mentioned above, the objective of this novel 
study was to provide preliminary, exploratory ob-
servations of clopidogrel resistance in Egyptian 
patients with PVD that would serve a basis for 
the generation of hypotheses for future studies. 
Secondly, there might be several unmeasured 
demographic and/or clinical differences that we 
have failed to take into account. 
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Conclusions

Our findings indicate that several factors, in-
cluding the carrying of a CYP2C19*2 allele, 
obesity, and diabetes (especially uncontrolled 
diabetes), might contribute to the development 
of clopidogrel resistance. As a result, the risk of 
clinical adverse events may be increased during 
clopidogrel therapy. Our findings are suggestive 
of the need for the adoption of a more system-
atic platelet monitoring as a prerequisite in our 
attempt to reduce the incidence of clopidogrel 
resistance among high-risk patients. 
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