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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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PREVALENCE OF CLOPIDOGREL RESISTANCE AND GENETIC PROFILE AMONG A 
GROUP OF PCI PATIENTS IN DUHOK CITY
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College of Medicine, University of Duhok, Duhok, Kurdistan Region, Iraq.

Abstract.
Clopidogrel is a second generation thienopyridine that’s used 

as a prophylactic anti-platelets following percutaneous coronary 
intervention (PCI) for patients with coronary heart disease. Not 
all patients who receive this medication show effective response 
as literatures have reviewed clopidogrel resistance as an issue on 
needs of further follow-up and study. The aim of this article was 
to assess clopidogrel resistance among a group of patients who 
underwent PCI. This study was conducted as a cross-sectional 
study during the period of one year. A total of 106 patients who 
underwent Primary PCI and were placed on clopidogrel for at 
least 7 days were assessed. Their blood sample was obtained and 
asses for platelets aggregation test. The mean age of the patients 
with CAD who underwent PCI was 58.5 between 31 and 80 
years old. 68.9% of them were males and 31.1% were females. 
From the total 106 CAD patients, 70.5% of them responded to 
the Clopidogrel positively and 12.4% responded in a suboptimal 
way while 19 patients (17.1%) were clopidogrel resistant. 
No significant correlation were found between clopidogrel 
response and gender or age; P values respectively were 0.2324 
and 0.4159. subsequently, genetic report was done for resistant 
cases and they showed no significant correlation with age (P = 
0.8914) and gender (P = 0.2524). Clopidogrel resistance and 
poor response is of a significant value among patients and can 
be encountered. There was no correlation of clopidogrel to age 
or gender, yet further studies are indicated for the assessment of 
the genetic material and response profile.

Key words. Clopidogrel resistance, P2Y12, coronary heart 
disease, acute coronary syndrome, genetic profile.
Introduction.

Coronary heart disease (CHD) is one of the leading causes 
of morbidity and mortality world-wide and refers to a group 
of disease involving coronary arteries characterized by 
atherosclerotic plaque formation and subsequent ischemic 
events such as acute coronary syndrome (ACS) [1,2]. Its 
treatment depends on the clinical presentation of the patient 
and typically include controlling modifiable risk factors such 
as diet, hypertension, diabetes, exercise, and tobacco cessation 
[3]. Furthermore, it also requires the use of medication with 
adequate pain control, anticoagulants and anti-platelets with 
aspirin and clopidogrel [2,4]. 

Clopidogrel is a second generation thienopyridine that's used as 
one of the cornerstone medications for treatment of CHD, which 
acts by selectively and irreversibly blocking P2Y12 receptors 
on the platelets resulting in inhibition of platelets aggregation 
[5-7]. It has been approved that the treatment of cardiovascular 
and cerebrovascular accidents like unstable angina, NSTEMI, 
STEMI and strokes [8]. The medication is commonly prescribed 

as a dual antiplatelet therapy for patients with Post-ACS [9]. 
The dual‐antiplatelet therapy (DAPT) has shown to decrease 
thrombotic events in patients with ACS [10,11]. Despite that 
there is a high individual variability in response to clopidogrel 
has been reported; poor response to range from 4 to 30% were 
reported [12]. Factors associated with clopidogrel resistance 
include obesity, diabetes and hyperuricemia [12]. Once the 
medication enters the body it undergoes enzymatic activation 
from the inactive prodrug, clopidogrel, to active metabolites 
[13]. This action takes place via variety of CYP enzymes such 
as CYP2C19 and CYP3A4 [14]. Genetic polymorphism plays 
a role in the matter of influencing the responses to clopidogrel 
most commonly involving CYP2C19 enzyme [15-17].

Clopidogrel in the active form can inhibit platelet aggregation 
for Thor lifetime (7 to 10 days), nevertheless, platelet function 
returns fully after 5 days from discontinuation of the treatment 
due to the turnover [18,19]. For patients undergoing PCI, poor 
response to clopidogrel has been regarded as an independent 
risk factor for major cardiovascular events [20,21]. This study 
aimed at assessing the rate of response to the Clopidogrel in 
patients with CAD who received the PCI and rate of mutation 
detection among Duhok population.
Patients and Methods.

This study was conducted as a cross-sectional study on a 
group of patients diagnosed as Acute Coronary Syndrome and 
underwent urgent Primary Percutaneous Coronary Intervention 
(PCI). A total number of 106 participants were enrolled (Figure 
1). The study was conducted over a duration of one year. The 
process started with patients who underwent primary PCI and 
are placed on clopidogrel (Piax, Mylan, India) for at least one 
week at a dose of 75 mg taken at any time were followed up 
after for the process of blood sample collection for platelet 
aggregation test

They were categorized accordingly into 2 categories; responsive 
and resistance depending on the response to aggregation test. If 
the clopidogrel function test was normal, they continued with the 
schedule for one year. While those patients who were diagnosed 
as non-responders or partial responders for clopidogrel, they 
were sent to genetic testing which were further subdivided into 
homozygous, heterozygous for CYP2C19 gene mutations and 
no mutations. 

Inclusion criteria; any patient who has underwent PCI and has 
received Clopidogrel for at least one week were included. All 
age groups and both genders were included.

Platelet aggregation test: blood samples were withdrawn 
from venous blood and platelet-rich plasma separated; the 
plasma samples were placed in an aggregometer. As the plasma 
samples were blended at room temperature, epinephrine was 
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added to enhance platelet activation. The samples become 
cloudy indicating platelets aggregation, the light transmission is 
recorded by spectrophotometer.

Genetic testing: PGX-CYP2C19 StripAssay (VienaLab 
Diagnostics GmbH, Austria) is a sequential in vitro steps that 
started with DNA isolated from a blood. The extracted DNA 
amplified by a polymerase chain reaction (PCR) for the target 
genetic regions using designed primers. The DNA products 
after amplification then hybridized to a test strip comprised 
immobilized, allele-specific probes for eight polymorphic loci 
(*2, *3, *4, *5, *6, *7, *8, and *17). Next, non-specifically 
bound DNA removed by washing, the specifically bound 
primer sequences were quantified calorimetrically using 
streptavidin-phosphatase and chromogenic substrates, forming 
in purple-colored bands on the strip. The formed band patterns 
correlated to genotype and predicted the phenotype—such as 
poor, intermediate, extensive, or ultrarapid metabolizer—to inform 
clinical dosing requested for drugs affected by CYP2C19 activity.

Statistical analyses: The general information of the patients 
was presented in mean SD) or no (%). The rate of response to 
the clopidogrel in patients with CAD who received the PCI 
and rate of mutation detection was determined in no (%). The 
association of response with the general information of the 
patients was examined in one-way ANOVA, independent t-test 
or Pearson Chi-squared tests. The significant level of difference 
was determined in a p-value of less than 0.05. The statistical 
calculations were performed in JMP Pro 14.3.
Results.

The age of CAD patients with underwent PCI was 58.5±10.2 
years (ranged 31- 80). The participants were mainly males 

(68.6%). The 106 CAD patients who underwent PCI responds 
to clopidogrel variably, 70.5% of them responded to the 
clopidogrel positively, 12.4% responded in a suboptimal, 
remaining 19 patients (17.1%) responded negatively. Genetic 
testing 17.1% non-respondent, revealed that mutations were 
reported in 13 (68.4%) of these patients versus 31.6% with 
no mutation. The result of the clopidogrel monitoring test was 
38.7±21 (ranged 2-105) (Table 1).

The total number of participants was 106 which all underwent 
testing for platelet aggregation. The results showed 19 with no 
response, 74 with response and 13 with sub-optimal responses 
(Table 2). Those with no response underwent genetic testing 
and showed no mutations in 6 and 13 with mutations (Table 3). 

The study showed that there male and female patients and 
the patients with different age groups did not respond with a 
significant difference, but patients who did not respond to the 
clopidogrel received a higher dose of clopidogrel compared to 
those who responded or responded in a suboptimal way (Table 
2).

The response to clopidogrel increased with ageing, since low 
response reported in young which do increase in older groups 
(Figure 2).

Regarding genetic mutation, the results confirmed that a non-
significant differences (p=0.8914) existed between the age of 
participants with genetic mutations (55.3±11.1) compared to 
those without mutations (56.0±7.1) years. A non-significant 
differences (p = 0.2524) existed between non-responders female 
to clopidogrel (5 patients, 55.6%) with genetic mutations versus 
(4 patients, 44.4%) with no mutations. In male, (8, 80.0%) with 
mutations compared (2 patients, 20.0%) without mutations 
(Table 3 and Figure 3).

Characteristics (n=106) mean±SD Range
Age, years 58.5±10.2 31-80 years

Gender, no (%)
Female 33(31.1)
Male 73(68.9)

Response 
No response 19(17.9)
Responded 74(69.8)
Suboptimal response 13(12.3)

Genetic report Detected 13(68.4)
No detected 6(31.6)

Clopidogrel monitoring test 38.7±21 2-105

Table 1. General information of the coronary artery disease patients underwent PCI.

Response to clopidogrel
Characteristics 
(n=106) n(%) No response Responded Suboptimal p value

Gender, n (%) Female, (n=33) 9 (27) 20 (61) 4 (12) 0.2324bMale, (n=73) 10 (13.7) 54 (74) 9 (12.3)
Age, mean (SD) 55.5 (9.8) 59.1 (10.8) 59.3 (7.0) 0.3791a

Age group, n (%)

30-39 1 (25.0) 3 (75.0) 0 (0.0)

0.4159b
40-49 2 (18.2) 8 (72.7) 1 (9.1)
50-59 9 (25.0) 23 (63.9) 4 (11.1)
60-69 5 (13.2) 25 (65.8) 8 (21)
70-80 2 (11.8) 15 (88.2) 0 (0.0)

One-way ANOVA and Pearson, b Chi-squared tests were performed for statistical analyses.
Data expressed as frequency (%) and for each gender group or age ranges 

Table 2. Contingency analysis of response by general characteristics.
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Factors Detected (n=13) No detected (n=6) p value  
Age (years) Mean (SD) 55.3 (11.1) 56 (7.1) 0.8914

Gender, n (%) Female 5 (55.6) 4 (44.4) 0.2524Male 8 (80.0) 2 (20.0)
Mean (SD) compared by independent t-test, no (%) compared by Pearson's Chi-squared test

Table 3. Associated factors with genetic mutations results in patients not respond to clopidogrel.

Genetic mutations Allele n (%)
Homozygous 0(0.0)
Heterozygous 13(68.4)

CYP2C19-2 7
CYP2C19-8 1
CYP2C19-3 1
CYP2C19-17 4

No mutation 6(31.6)
Total 19(100)

Table 4. Distribution of the sample according to the allele of genetic mutations.

Figure 1. Flow chart of enrolled patients and their resistance status for clopidogrel.

Figure 2. Comparisons of age in patients with different response to Clopidogrel.
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Figure 3. Comparisons of age in patients with different genetic findings.

The boxplot indicate that the detection of mutation is higher 
with more advanced age compare to younger age group, 
however, the results were more variable showing variation 
between individual (Figure 3).

The genetic results of 19 patients demonstrated that two-third 
(68.4%, n=13) were holding heterozygous mutations in the 
CYP2C19 gene, and none (0%) were homozygous. Nearly one-
third (31.6%, n=6) of patients demonstrated no genetic mutations 
in the studied CYP2C19 alleles. In the heterozygous group of 
alleles, CYP2C19-2 and CYP2C19-17 were the commonest 
variant, 7 patients and 4 patients, respectively, when compared 
to CYP2C19-8 and CYP2C19-3 alleles shown in only 1 patient 
(Table 4).
Discussion.

Clopidogrel is approved antiplatelets used for patients 
with coronary heart disease, such as, ST-segment elevation 
myocardial infarction, and secondary prevention of ischemic 
heart diseases and stroke [8]. This medication works by 
irreversibly inhibiting platelet P2Y12 adenosine diphosphate 
receptor which prevents the downstream activation of the 
glycoprotein IIb/IIIa receptor complex therefore reducing 
platelet aggregation [21]. It requires enzymatic activation via 
several CYP enzymes including the CYP2C19 and CYP3A4 
enzymes [22]. Any loss of function allele will not effectively 
metabolize clopidogrel leading to inability of inhibition of 
platelet activation [12,23]. It’s recommended in higher doses as 
a loading dose, followed by a maintenance of 75 mg once daily 
to maintain its impact on platelet aggregation [22]. Around 
one third of patients on clopidogrel are characterized as poor 
responders to clopidogrel which increases the risk of thrombotic 
ischemic events [22]. The most likely factors that determines 
the likely response are the polymorphisms within the genes that 

regulate CYP2C19 activity and the related to polymorphisms 
of the ABCB1 gene [22]. This article is aimed at assessing the 
genetic response to clopidogrel among a group of patients.

Clopidogrel poor responders refer to the group of patients who 
failed to achieve and maintain an IPA after dosing. The platelet 
adenosine 5'-diphosphate (ADP) receptor P2Y12 (P2Y12R) 
plays a critical role in platelet aggregation, despite patients with 
ACS receive the primary management with PCI, they may still 
experience Major cardiovascular events that could be caused 
by clopidogrel resistance [24]. In this study, ~ 29.5% of the 
participants showed either no-response (17.1%) or Sub-optimal 
response (12.4%) indicating no significant benefit from the 
treatment. Additionally, among the non-responders, 68.4% of 
them revealed presence of genetic mutations in the CYP2C19 
gene. A higher resistance rate (49.8%) was noticed by Giantini 
et al. [24]. Generally, Clopidogrel resistance among Asian 
population is much higher and estimated at 17.2-81.6% (6). 
The overall poor responders from the published articles range 
between 17-56% [23]. 

No significant difference was noticed regarding gender and 
age compared to the response and the dose of clopidogrel given. 
Indicating no difference in the dose and response. Contrary results 
were found with Hidayat et al., males were less likely to have 
clopidogrel resistance than female [25]. Additionally, females 
are more likely found to develop atherothrombotic events after 
1-year follow-up of starting the treatment [26]. Additionally, 
among the non-responders, there was no difference between 
both genders and age regarding genetic report, indicating no 
influence of gender and age over the immunogenicity. 

In our study we found that 68.4% of those with no response 
showed genetic mutations for CYP2C19*2,8,3 and 17 while 
31.4% showed no mutations. Subsequently of them were lost in 
follow-up. CYP2C19 gene has been identified as the important 
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gene for activation of clopidogrel [27]. Clopidogrel resistance 
or non-functioning can led to certain negative impact on the 
individual, and this can be induced by several factors that 
interfere or impact the CYP2C19 gene function or action [23,25]. 
This can take place inform of mutations whether homozygous 
or heterozygous depending on the number of alleles affected or 
there will be no mutations but take place due to the impact of 
other factors such as other medications [28]. 

Nilotinib, a selective tyrosine kinases inhibitor used for 
treatment of cancer, has been found to competitively inhibit the 
metabolism of drugs that that are activated by several enzymes 
produced in the liver one of which is related to CYP2C19 
[29]. Thus, one of our patients was on nilotinib which had no-
response to clopidogrel and had negative genetic report.
Conclusion.

Clopidogrel is one of the important anti-platelets in DAPT 
for patients undergoing PCI. However, some individuals could 
present resistance to clopidogrel which are known as poor 
responders. This could be related to genetic material of some 
individuals yet the resistance was not associated with gender 
and age. The gender – gene interaction as well as age-gene 
interaction needs further studying and understating as it might 
impact clopidogrel drug metabolism inside the body. Further 
studies are required to assess the importance and risk factors of 
clopidogrel resistance. Any patient placed on clopidogrel, drug-
drug interaction must be reviewed. 
Acknowledgment.

The author is grateful for the University of Duhok for support 
provided to complete this study.
Conflict of interest.

This study was funded by Mylan company.
Funding.

This research was funded by Mylan company using their 
product (Piax) efficacy.

REFERENCES
1. Singh A, Museedi A.S, Grossman S.A. Acute coronary 
syndrome. In: StatPearls. Treasure Island (FL): StatPearls 
Publishing. 2017.
2. Regmi M, Siccardi M.A. Coronary artery disease prevention. 
In: StatPearls. Treasure Island (FL): StatPearls Publishing. 
2019.
3. Dorofeeva A, Shilenok V, Kobzeva K, et al. Genes encoding 
heat-resistant obscure proteins with chaperone-like activities-
BBLN and SERF2-are associated with coronary artery disease 
risk: a pilot study. Georgian Medical News. 2025;362:133-138.
4. Wisuda A.C, bin Sansuwito T, Suraya C. Islamic spiritual 
care with Murottal for reducing anxiety and depression in 
coronary heart disease patients: A comprehensive systematic 
review. Public Health of Indonesia. 2024;10:61-72.
5. Ray S. Clopidogrel resistance: the way forward. Indian Heart 
Journal. 2014;66:530-534.
6. Akkaif M.A, Daud N.A.A, Sha’aban A, et al. The role 
of genetic polymorphism and other factors on clopidogrel 
resistance (CR) in an Asian population with coronary heart 

disease (CHD). Molecules. 2021;26:1987.
7. Dennis M, CAPRIE Steering Committee. A randomised, 
blinded, trial of clopidogrel versus aspirin in patients at risk of 
ischaemic events (CAPRIE). CAPRIE Steering Committee. The 
Lancet. 1996;348:1329-39.
8. Mihajlović D, Maksimović Ž.M, Dojčinović B, et al. Acute 
coronary syndrome (STEMI, NSTEMI and unstable angina 
pectoris) and risk factors, similarities and differences. Scripta 
Medica. 2020;51:252-260.
9. Cuisset T, Deharo P, Quilici J, et al. Benefit of switching dual 
antiplatelet therapy after acute coronary syndrome: the TOPIC 
(timing of platelet inhibition after acute coronary syndrome) 
randomized study. European Heart Journal. 2017;38:3070-
3078.
10. Chiarito M, Cao D, Cannata F, et al. Direct oral anticoagulants 
in addition to antiplatelet therapy for secondary prevention 
after acute coronary syndromes: a systematic review and meta-
analysis. JAMA Cardiology. 2018;3:234-241.
11. Limbruno U, De Sensi F, Cresti A, et al. Optimal 
Antithrombotic Treatment of Patients with Atrial Fibrillation 
Early after an Acute Coronary Syndrome—Triple Therapy, 
Dual Antithrombotic Therapy with an Anticoagulan Or, Rather, 
Temporary Dual Antiplatelet Therapy?. Journal of Clinical 
Medicine. 2020;9:2673.
12. Wu Z.K, Wang J.J, Wang T, et al. Clopidogrel resistance 
response in patients with coronary artery disease and metabolic 
syndrome: the role of hyperglycemia and obesity. Journal of 
Geriatric Cardiology: JGC. 2015;12:378.
13. Achar S. Pharmacokinetics, drug metabolism, and safety of 
prasugrel and clopidogrel. Postgraduate Medicine. 2011;123:73-
79.
14. Laizure S.C, Parker R.B. A comparison of the metabolism of 
clopidogrel and prasugrel. Expert Opinion on Drug Metabolism 
& Toxicology. 2010;6:1417-1424. 
15. Brown S.A, Pereira N. Pharmacogenomic impact of 
CYP2C19 variation on clopidogrel therapy in precision 
cardiovascular medicine. Journal of Personalized Medicine. 
2018;8:8. 
16. Lopez J, Mark J, Duarte G.J, et al. Role of genetic 
polymorphisms in clopidogrel response variability: a systematic 
review. Open Heart. 2023;10:e002436.
17. Bauer T, Bouman H.J, van Werkum J.W, et al. Impact of 
CYP2C19 variant genotypes on clinical efficacy of antiplatelet 
treatment with clopidogrel: systematic review and meta-
analysis. BMJ. 2011:343. 
18. Plosker G.L, Lyseng-Williamson K.A. Clopidogrel: a review 
of its use in the prevention of thrombosis. Drugs. 2007;67:613-
646.
19. Almukhtar H.M, Faisal I.M, Merkhan M.M. Effects of 
statins on platelet count in hyperlipidemic patients. International 
Journal of Pharmaceutical Research. 2020;12:2640-4. 
20. Parodi G, Marcucci R, Valenti R, et al. High residual 
platelet reactivity after clopidogrel loading and long-term 
cardiovascular events among patients with acute coronary 
syndromes undergoing PCI. JAMA. 2011;306:1215-1223.
21. Pereira N.L, Rihal C.S, So D.Y, et al. Clopidogrel 
pharmacogenetics: state-of-the-art review and the TAILOR-



54

PCI study. Circulation: Cardiovascular Interventions. 
2019;12:e007811.
22. Comin J, Kallmes D. Clopidogrel (plavix). American 
Journal of Neuroradiology. 2011;32:2002-2004.
23. Weerakkody G.J, Brandt J.T, Payne C.D, et al. Clopidogrel 
poor responders: an objective definition based on Bayesian 
classification. Platelets. 2007;18:428-435.
24. Giantini A, Timan I.S, Dharma R, et al. The role of 
clopidogrel resistance-related genetic and epigenetic factors in 
major adverse cardiovascular events among patients with acute 
coronary syndrome after percutaneous coronary intervention. 
Frontiers in Cardiovascular Medicine. 2023;9:1027892. 
25. Hidayat R, Nabilah R.A, Rasyid A, et al. Clopidogrel 
resistance among ischemic stroke patients and its risk factors in 
Indonesia. Acta Medica Academica. 2022;51:29.

26. Kaur A, Dreyer R.P, Marsh T.W, et al. Sex differences in 
clopidogrel effects among young patients with acute coronary 
syndrome: a role for genetics?. CJC Open. 2022;4:970-978.
27. Dean L, Kane M. Clopidogrel therapy and CYP2C19 
genotype. 2018.
28. Collet J.P, Hulot J.S, Anzaha G, et al. High doses of 
clopidogrel to overcome genetic resistance: the randomized 
crossover CLOVIS-2 (Clopidogrel and Response Variability 
Investigation Study 2). JACC: Cardiovascular Interventions. 
2011;4:392-402.
29. Haouala A, Widmer N, Duchosal M.A, et al. Drug 
interactions with the tyrosine kinase inhibitors imatinib, 
dasatinib, and nilotinib. Blood The Journal of the American 
Society of Hematology. 2011;117:e75-e87.


	Title

