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Cardiovascular diseases (CVDs) are the leading cause of disability and mortality worldwide. Increased thrombosis is the 
trigger point for the development of various CVDs and their complications, and therefore, therapy with P2Y12-receptor in-
hibitors is always pathogenetically justified and vital. However, according to the various data, 10-25% of patients treated with 
clopidogrel have “resistance” to antiplatelet therapy. The causes for the formation of resistance are still not clear. There is no 
generally accepted, standard methodology for determining resistance to antiplatelet agents. In addition, there are no meth-
odological approaches to identify the patients with resistance to antiplatelet drugs, and standardized schemes for correcting 
a low sensitivity to these drugs.
The aim of this review was to summarize the available results of foreign and domestic studies devoted to the investigation 
of the effectiveness and safety problems of antiplatelet drugs administration from the point of view of the genetic predispo-
sition to changes in their metabolism.
Materials and methods. For the review, the following information from scientific literature represented in open and accessi-
ble sources for the period of 1996-2020, was used: pharmgkb.org, PubMed, Scopus, Web of Science Core Collection, Elibrary. 
Search queries – “Genetic features+antiplatelet therapy+ethnic groups”, “CYP2C19+clopidogrel+antiplatelet therapy effec-
tiveness”; “Stent retrombosis+CYP2C19 polymorphism+ residual platelet reactivity” and “CYP2C19 polymorphism+ethnic 
groups+clopidogrel resistance” in both Russian and English equivalents. All these data are placed in electronic databases.
Results. Currently, the problem of the resistance formation to antiplatelet drugs is studied insufficiently. The best thought-
out issue is the research of the effect of the polymorphic alleles carriage of the CYP2C19 gene on the residual platelet reac-
tivity in the patients administrated with dual antiplatelet treatment, including clopidogrel. In general, the analysis of open 
literature sources indicates the presence of a statistically significant association between the carrier of slow alleles of the 
CYP2C19 gene and the residual platelet reactivity, clinically manifested by thrombosis and adverse cardiovascular events. The 
occurrence frequency of polymorphic carriage of the CYP2C19 gene varies in different ethnic groups, so it cannot be extrap-
olated to individual subjects, peculiar in the ethnic diversity. 
Conclusion. To develop preventive and predictive measures aimed at overcoming resistance to antiplatelet agents, as well 
as working out methodological approaches to personalized prescribtion of this group drugs, a further investigation with the 
expansion of the search for causes and the study of the other genes participation of the cytochrome P450 system, is required.
Keywords: antiplatelet agents; clopidogrel; pharmacogenetics; ethnic groups; resistance to antiplatelet therapy
Abbreviations: CVD – cardiovascular diseases; CVС – cardiovascular pathology; PCI – percutaneous coronary intervention; 
ASA – acetylsalicylic acid; CVD – cardiovascular complication; MI – myocardial infarction; ACS – acute coronary syndrome; 
CHD – coronary heart disease.
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Сердечно-сосудистые заболевания (ССЗ) являются ведущей причиной инвалидности и смертности населения во всем 
мире. Повышенное тромбообразование является пусковым моментом развития различных ССЗ и их осложнений, в 
связи с чем, терапия ингибиторами P2Y12-рецепторов всегда является патогенетически обоснованной и жизненно 
необходимой. Однако, по разным данным, у 10-25% пациентов, получающих клопидогрел, отмечается «резистент-
ность» к антиагрегантной терапии. Причины формирования резистентности до сих пор не ясны. Общепризнанной, 
стандартной методики определения резистентности к антиагрегантам не существует. Кроме того, нет методологиче-
ских подходов по выявлению пациентов с невосприимчивостью к антиагрегационным препаратам и стандартизиро-
ванных схем коррекции низкой чувствительности к ним.
Цель. Целью написания данного обзора было резюмировать имеющиеся результаты зарубежных и отечественных 
исследований, посвященных изучению вопросов эффективности и безопасности назначения антитромбоцитарных 
препаратов с позиции генетической предрасположенности к изменению их метаболизма.
Материалы и методы. Для обзора использовали сведения научной литературы из открытых и доступных источников 
за период 1996–2020 гг., размещенных в электронных базах данных: pharmgkb.org; PubMed; Scopus; Web of Science 
Core Collection; Elibrary. Поисковые запросы – «генетические особенности+антиагрегационная терапия+этнические 
группы», «CYP2C19+клопидогрел+эффективность антитромбоцитарной терапии»; «ретромбоз стента+полиморфизм 
CYP2C19+ остаточная реактивность тромбоцитов» и «полиморфизм CYP2C19+этнические группы+резистентность к 
клопидогрелу» как в русском, так и английском эквиваленте.
Результаты. Проблема формирования резистентности к антиагрегационным препаратам в настоящее время изучена 
недостаточно. Наиболее проработанным вопросом является изучение влияния носительства полиморфных аллелей 
гена CYP2C19 на остаточную реактивность тромбоцитов, у пациентов получающих двойную антиагрегационную те-
рапию, включающую клопидогрел. Анализ открытых литературных источников, в целом, свидетельствует о наличии 
статистически значимой ассоциативной связи между носительством медленных аллелей гена CYP2C19 и остаточной 
реактивностью тромбоцитов, клинически проявляющуюся тромбозом и неблагоприятными сердечно-сосудистыми 
событиями. Частота встречаемости полиморфного носительства гена CYP2C19 варьирует в разных этнических группах, 
поэтому не может быть экстраполирована на отдельные субъекты, отличающиеся этническим разнообразием. 
Заключение. Для разработки превентивных и предиктивных мер по преодолению резистентности к антиагрегантам, 
а также методологических подходов к персонализированному назначению препаратов этой группы, требуются даль-
нейшие исследования, с расширением поиска причин и изучением участия других генов системы цитохрома Р450.
Ключевые слова: антиагреганты; клопидогрел; фармакогенетика; этнические группы; резистентность к антиагрегант-
ной терапии
Список сокращений: ССЗ – сердечно-сосудистые заболевания; ССП – сердечно-сосудистая патология; ЧКВ – чрезкож-
ное коронарное вмешательство; АСК – ацетилсалициловая кислота; ССО – сердечно-сосудистые осложнения; ИМ – 
инфаркт миокарда; ОКС – острый коронарный синдром; ИБС – ишемическая болезнь сердца.

INTRODUCTION
The modern world is in the midst of a global epidemy 

of infectious and non-infectious diseases [1]. The lead-
ing cause of mortality and disability of the population is 
currently cardiovascular diseases (CVDs). In the Russian 
Federation, the pathology of the circulatory system has 

been diagnosed in 27355.3 people per 100 thousand of 
the adult population; the diseases of the cardiovascular 
system are 56.8% as the cause of death [2].

Cardiovascular pathology (CVP) significantly dis-
rupts patients’ habitual lifestyles, contributes to disabil-
ity and medical and social dysadaptation. The role of 
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excessive platelet functioning in the pathogenesis of car-
diovascular complications is, to a great extent, decisive 
since the systemic nature of microcirculatory disorders 
entails further, more irreversible consequences. In this 
connection, pathogenetic, antiplatelet therapy of CVDs 
is carried out for a long time, while the prerequisites for 
its implementation are efficiency and safety.

In clinical practice, it is quite common to observe pa-
tients with a lack of susceptibility even to double antiag-
gregatory therapy. Such patients develop serious cardio-
vascular events: sudden deaths, myocardial infarctions 
(MIs), ischemic strokes, unstable angina pectoris, and 
stent thrombosis, which can be repeated after percuta-
neous coronary intervention (PCI) [3].

The lack of the effect on therapy with acetylsalicylic 
acid (ASA) occurs, on average, in 54.8% of patients, and 
with clopidogrel – in 10–25% of patients [4–6]. As shown 
by numerous domestic and foreign studies, the risk of 
developing myocardial infarctions (MIs), episodes of un-
stable angina pectoris, ischemic strokes in the patients 
with resistance to antiplatelet therapy is 2.5–3.5 times 
higher than in the patients sensitive to it. The studies 
carried out demonstrate different ethnic sensitivity to 
clopidogrel, due to the variability in the frequency of oc-
currence of the slow alleles of the CYP2C19 gene.

In the authors’ opinions, in this connection, the 
study of the genetic causes of the resistance develop-
ment in various ethnic grops, has a promising scientific 
and practical value.

THE AIM of this review was to summarize the avail-
able results of foreign and domestic studies devoted to 
the investigation of the effectiveness and safety prob-
lems of antiplatelet drugs administration from the point 
of view of the genetic predisposition to changes in their 
metabolism.

MATERIALS AND METHODS
For the review, the following information from scien-

tific literature represented in open and accessible sourc-
es for the period of 1996–2020, was used: pharmgkb.
org, PubMed, Scopus, Web of Science Core Collection, 
eLIBRARY. Search queries – “Genetic features+antiplate-
let therapy+ethnic groups”, “CYP2C19+clopidogrel+anti-
platelet therapy effectiveness”; “Stent retrombosis+CY-
P2C19 polymorphism+ residual platelet reactivity” and 
“CYP2C19 polymorphism+ethnic groups+clopidogrel 
resistance” in both Russian and English equivalents. All 
these data are placed in electronic databases.

RESULTS AND DISCUSSION
Clopidogrel metabolism
Most often, clopidogrel in combination with ace-

tylsalicylic acid is prescribed as antiplatelet therapy. 

Clopidogrel is a prodrug, which requires its transforma-
tion in the liver to an active metabolite that can have a 
disaggregation effect. The absorption of the drug in the 
intestine occurs with the participation of P-glycopro-
tein, the synthesis of which is regulated by the MDR1 
(ABCB1) gene. In the case of carriage of polymorphic 
alleles of the ABCB1 gene (alleles CC, CT, TT), the ac-
tivity of clopidogrel during its absorption can change 
[7]. Approximately 85% of the absorbed drug is deac-
tivated under the action of liver enzymes, while 15%, 
with the participation of cytochrome P450 isoenzymes 
CYP1A2, CYP2B6 and CYP2C19, are converted into an 
intermediate metabolite 2-oxo-clopidogrel (thiolac-
tone). Further, from the intermediate inactive metab-
olite, mainly with the participation of CYP2C19, the 
active compound R130964 is formed. It inhibits plate-
let aggregation through irreversible blockade of ADP 
P2Y12 on the platelet surface. The best known is the 
carriage of polymorphic alleles CYP2C19, associated 
with a complete loss or decrease in the function of the 
enzyme, in which the formation of an active metabolite 
of clopidogrel does not occur [8–10]. The involvement 
of other cytochrome P450 enzymes requires a further 
in-depth study and systematization.

A number of alleles associated with changes in 
the activity of the CYP2C19 enzyme, were revealed 
by methods of genetic identification: a complete loss, 
for example, CYP2C19*2, CYP2C19*3, CYP2C19*4, 
CYP2C19*5, CYP2C19*6, CYP2C19*7, CYP2C19*8; 
a decrease in activity, for example, CYP2C19*9, CY-
P2C19*11, CYP2C19*13; or an increased activity – 
CYP2C19*17. In the case of deprivation or a function 
loss of the CYP2C19 enzyme, the formation of active 
metabolites of clopidogrel does not occur. Clinically, it 
can manifest itself by the activation of the thrombus 
formation process. In the case of carriage of a polymor-
phic allele responsible for the rapid rate of metabolic 
reactions, some individuals may experience undesir-
able side effects associated with an excessive disaggre-
gation activity, for example, varying degrees of severity 
of hemorrhage [11].

Experience of researchers 
from other countries
Foreign pharmacokinetic and pharmacodynam-

ic studies have demonstrated a wide variability in the 
concentration of the active metabolite of clopidogrel 
and the variability in suppression of the platelet func-
tion after taking clopidogrel at a standard dose. There 
are significant differences in the distribution of CYP2C19 
polymorphic alleles. Moreover, the differences concern 
both separate individuals and ethnic populations living 
in designated areas [12–14].
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Table 1 – Summary information on the analysis of literary sources

COUNTRY TYPE OF RESEARCH SUMMARY / CONCLUSIONS

reference 
to the

literature 
source

USA

Randomized, double-blind, active control 
study (reactivity assessment using Verify Now 
analysis – impact on thrombosis and safety 
[GRAVITAS]). 2,214 patients with high reac-
tivity to treatment in 12-24 hours after PCI, 
with stents, in 83 centers in North America 
between July 2008 and April 2010.

It has been established that the problem of clopido-
grel resistance is not solved by increasing the dose of 
the drug. Genetic testing is required for the carriage 
of polymorphic alleles of the CYP2C19 gene 2 *; 3 * 
with a loss of the enzyme functional activity.

[15]

USA

Genome-wide, associative study of platelet 
reactivity and cardiovascular events in pa-
tients receiving clopidogrel (GWAS). The study 
involved 2,750 people of European ancestry 
whose DNA had been genotyped.

The response to clopidogrel is highly variable. The 
GWAS study did not identify any other SNP, except 
CYP2C19 * 2, the value of which would have reached 
a genome-wide significance.

[21]

USA

A prospective, randomized, controlled study 
of antiplatelet therapy, taking into account 
the association of the CYP2C19 genotype and 
clinical evidence.

The developed document is an update of the Con-
sortium guidelines on the clinical use of the results 
of testing the CYP2C19 genotype for patients requir-
ing antiplatelet therapy. The document indicates the 
presence of interindividual, interethnic variability in 
the frequency distribution of polymorphic CYP2C19 
alleles.

[32]

GREAT 
BRITAIN

Associated clinical study from April 1, 1996 to 
April 1, 2008, 259 young patients (aged <45 
years).

The genetic variant of CYP2C19 * 2 is the main factor 
determining the prognosis in young patients receiv-
ing clopidogrel treatment after myocardial infarc-
tion.

[22]

GREAT 
BRITAIN

Genome-wide, associative clinical observa-
tion in patients with myocardial infarction 
(MI) with ST-segment elevation and without 
ST-segment elevation, n = 2,208 people who 
received clopidogrel.

Patients – carriers of two alleles of the CYP2C19 
gene * 2; * 3 – were more at risk of developing an 
“endpoint” than in the group of patients without 
polymorphic carriage.

[23]

POLAND

Position paper of the working group on 
antiplatelet drug resistance, appointed by the 
section of cardiovascular interventions of the 
Polish cardiological society, approved by the 
working group on thrombosis of the European 
Society of Cardiology (including 91 sources).

Studies have shown significant interindividual, 
ethnic sensitivity to clopidogrel. In addition, the 
polymorphisms in the genes of P-glycoprotein and 
the purinergic receptor P2Y12 (a receptor for the 
action of clopidogrel) and their role in the reactivity 
of clopidogrel were studied. It was concluded that 
considering the ABCB1 genotype in addition to 
CYP2C19, makes it possible to better predict the 
development of clopidogrel resistance.

[16]

GERMANY

In Germany, 2C19 681G> cytochrome P450 
polymorphism and the phenomenon of high 
platelet reactivity against the background of 
clopidogrel, were studied in 797 patients in 
2008.

It has been established that carriers of polymorphic, 
non-functional CYP2C19 alleles are associated 
with increased residual platelet activity and an 
unfavorable clinical outcome of planned PCIs during 
the first year.

[37]

CHINA

Genome-wide, associative clinical study inves-
tigating the effect of the carriage of polymor-
phic alleles CYP2C19 * 2, ABCB1 and PON1 
on the pharmacodynamics of clopidogrel and 
clinical outcomes in 670 Chinese patients af-
ter PCI.

The results indicate the ethnic specificity of the prev-
alence of the CYP2C19 * 2 allele. The incidence of 
CYP2C19 * 2 in the Chinese is higher than in the Cau-
casians, therefore, the cases of ineffectiveness of an-
tiplatelet therapy and the use of PCI in the Chinese 
ethnic group are comparable.

[34]

CHINA 

Comparative analysis of the frequency 
of polymorphic carriage of CYP2C19 in 
comparison with Caucasian and Eastern 
ethnic groups.

The analysis of the CYP2C19 genotypes in 107 Thais 
showed that the allele frequencies for CYP2C19 * 1, 
CYP2C19 * 2 and CYP2C19 * 3 have ethnic specificity 
in the distribution. The frequencies of defective 
CYP2C19 alleles in the Thais, especially CYP2C19 * 3, 
were lower than in other eastern populations.

[36]
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COUNTRY TYPE OF RESEARCH SUMMARY / CONCLUSIONS

reference 
to the

literature 
source

JAPAN

Associative clinical and pharmacogenetic 
examination of 114 patients who underwent 
PCI.

The authors have concluded that not only the 
interindividual difference in the carriage of 
polymorphic CYP2C19 alleles in the Japanese 
population affects the sensitivity to clopidogrel, but 
also the level of hyperlipidemia. The authors have 
developed a multifactorial algorithm for predicting 
an individual response to clopidogrel therapy.

[29]

SOUTH 
KOREA

16 prospective cohort studies, including 7,035 
patients carrying ≥ 1 CYP2C19 LOF allele (loss 
of function), and 13,750 patients with the 
wild-type genotype were included into meta-
analysis. 

Stratified analysis by ethnicity of the study population 
showed a higher chance of adverse clinical events in 
the Asian population with options LOFCYP2C19 (or 
1.89, 95% CI 1.32-2.72) compared with the Western 
population (or 1.28, 95% CI 1.00–1.64).

[33]

SPAIN

Comparative study of the occurrence 
frequency of polymorphic genes CYP2C8, 
CYP2C9 and CYP2C19 in the ethnic groups 
of the Spaniards (n = 282) and Ecuadorian 
mestizos (n = 297). 

Ethnic specificity in the distribution of occurrence 
frequencies of polymorphic alleles CYP2C19, has 
been established. The frequency of CYP2C19 * 17 
alleles was higher in the Ecuadorians than in the 
Spaniards (P <0.001), and the frequency of CYP2C19 
* 3 was the same in the studied groups. There was 
a higher activity of CYP2C8, CYP2C9 and CYP2C19 
in the Ecuadorian mestizos, in contrast to the 
Spaniards.

[40]

CANADA

CYP2C19-associated polymorphism of 
mephenytoin in the Inuit population living in 
Canada (n = 152), has been investigated.

Ethnic specificity in the distribution of occurrence 
frequencies of polymorphic alleles CYP2C19 has 
been established. No CYP2C19 * 2 polymorphism 
has been found in this ethnic group. In terms of the 
frequency of phenotypes and the molecular basis of 
polymorphism, the Canadian Inuits are close to the 
Caucasians, and not to the Asian ethnic groups.

[41]

CROATIA

200 blood samples to study the prevalence of 
CYP2C9, CYP2C19 and CYP2D6 allelic variants 
in the Croatian ethnic group, have been
genotyped.

For CYP2C19, the most frequent alleles were 
CYP2C19 * 1 and CYP2C19 * 2, with frequencies 
of 0.85 and 0.15. The occurrence frequency of 
polymorphic alleles CYP2C19 in the Croatian ethnic 
group was comparable to the Central European and 
Mediterranean populations.

[43]

SINGAPORE 

The functional significance of SNP CYP2С19 
* 2, * 3, * 17 and in Asian patients treated 
with clopidogrel and the prevalence of func-
tionally significant polymorphisms among 300 
Chinese, Malays and Asian Indians, have been 
investigated.

Interethnic differences in the frequency distribution 
of CYP2C19 genotypes have been established. To 
study the response to clopidogrel, it was proposed 
to study the CYP2C19 * 2 and * 3 polymorphisms, 
but not * 17 in the Chinese, and the CYP2C19 * 2 
and * 17 polymorphisms, but not * 3 in the Indians. 
All three polymorphisms must be genotyped in the 
Malays.

[45]

RUSSIA 

The occurrence frequency of polymorphic al-
leles CYP2C19 in patients of the central part 
of Russia and Siberia has been comparatively 
evaluated. 

Interethnic variability in the distribution of polymor-
phic alleles of the CYP2C19 gene has been revealed. [47]

RUSSIA

The occurrence frequency of polymorphic al-
leles of metabolism genes and transport pro-
teins in three ethnic groups of Dagestan has 
been determined.

Interethnic variability in the distribution of polymor-
phic alleles of the CYP2C19 gene has been revealed. [14]

RUSSIA

Work has been carried out to assess the ef-
fect of polymorphisms of the CYP2C19, ABCB1 
genes and a low effect of the CYP3A4 isoen-
zyme on the development of complications 
after stent implantation in patients with ACS.

There was an increased laboratory resistance to 
clopidogrel (PRU> 208) in carriers of polymorphic al-
leles CYP2C19 * 2: 53.8% versus 16.2%, which, how-
ever, did not affect the frequency of stent thrombo-
sis.

[49]
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COUNTRY TYPE OF RESEARCH SUMMARY / CONCLUSIONS

reference 
to the

literature 
source

RUSSIA

Clinical observation and genetic testing of 399 
patients with CVP have been carried out. for 
18 months.

No statistically significant relationship has been 
found between the level of residual platelet reactiv-
ity and the carriage of polymorphic markers of the 
CYP2C19 gene.

[50]

RUSSIA

The prevalence of allelic variants of the CY-
P2C19 gene *1, *2, *3, *17 has been studied 
in patients receiving clopidogrel – represen-
tatives of the West Siberian and Far Eastern 
regions.

Depending on the degree of platelet aggregation, 
groups of patients with different sensitivity to clopi-
dogrel have been identified. [51]

The randomized, double-blind, multicenter, con-
trolled study GRAVITAS made it possible to draw several 
significant conclusions necessary for the development 
of a targeted antiplatelet therapy strategy. First, it was 
found out that there is no benefit from the use of a dou-
ble dose of clopidogrel in the patients whose platelet 
reactivity increases sharply after percutaneous coronary 
intervention (PCI) [15]. Second, the study made it possi-
ble to expand pharmacogenetic testing for the CYP2C19 
enzyme. 1152 blood samples were examined, 40 poly-
morphisms including CYP2C19 *2, *3 *4, *5 *6, *7, *8, 
and *17; ABCB1 and PON1, were studied. The results 
showed that patients with one or two polymorphic al-
leles of the CYP2C19 gene, in which their functional ac-
tivity is lost, do not react to a double dose of clopidogrel 
at all. An 11-fold increase in the risk of a sustained in-
crease in platelet reactivity within 30 days was found out 
in the patients who were homozygous carriers of the CY-
P2C19 * 2 gene, compared with the patients who had a 
functionally active wild type of the gene. Heterozygotes 
also retained a high platelet reactivity – up to 62% com-
pared to the carriers of the wild, fast allele [15].

In Poland, interindividual variability of response to 
the oral administration of antiplatelet drugs was studied 
by Kuliczkowski et al. A position document of the work-
ing group on the antiplatelet drug resistance was de-
veloped, administrated by the section of cardiovascular 
interventions of the Polish Cardiological Society and also 
approved by the working group on thrombosis of the 
European Society of Cardiology [16]. The position docu-
ment united and summarized all the available research 
results in the field of atherothrombosis and also made 
it possible to state a high percentage of clinical failures 
in the patients receiving double antiaggregation therapy, 
which predetermined the search relevance for individu-
al genetic causes of resistance to antiaggregatory drugs. 
The carried out studies have proven a significant interin-
dividual, ethnic sensitivity to clopidogrel.

CYP2C19*2 was found most frequently in Caucasian, 
African American and Asian peoples [17]. The frequency 
of occurrence of CYP2C19*2 alleles in Asian populations 
(~ 30%) was significantly higher than in the Caucasians 
(~13%) and African Americans (18%) [18, 19]. In the 
study by Sorich Michael J. et al., an association between 

the carriage of the CYP2C19 loss of function allele and 
major cardiovascular events was established. Moreover, 
the PCI frequency was significantly different in the eth-
nic groups of Europeans and Asians [20].

In a genome-wide, associative study (GWAS) of the 
platelet reactivity and cardiovascular events in the pa-
tients treated with clopidogrel, conducted by the Inter-
national Pharmacogenetic Consortium (IPGC), it was also 
shown that the response to clopidogrel has a significant 
variability. At the same time, according to the authors, 
alleles of the loss of CYP2C19 function make up only a 
certain part in the structure of the reasons for the low 
response to the drug. The study involved 2,750 people 
of the European ancestry, whose DNA was genotyped. 
The GWAS study did not reveal any other SNP, except 
CYP2C19 * 2, the value of which would have reached a 
general genome significance. At the same time, in the 
subgroups of ischemic heart disease, percutaneous cor-
onary intervention and acute coronary syndrome, mu-
tations in SCOS5P1, CDC42BPA and CTRAC1 showed a 
general genome significance associated with the occur-
rence of cardiovascular death, myocardial infarction or 
a stroke, which requires comprehension and a further 
research in this direction [21].

The CYP2C19 genotype was associated with the fact 
of the “end point” in the form of cardiovascular death, 
non-fatal myocardial infarction in young patients with 
myocardial infarction and receiving clopidogrel at the 
dose of 75 mg/daily. It turned out that in the patients – 
carriers of CYP2C19*2 (28%) – the risk of recurrence of 
an acute coronary event during the first year was several 
times higher than in the patients – carriers of the wild 
type. Moreover, the authors positioned the polymor-
phism of the CYP2C19 genotype as the only significant 
predictor of the primary outcome in this patient popu-
lation [22].

In England, a study was conducted in patients with 
myocardial infarction (MI) with a ST-segment elevation 
and without it (n = 2208 people) who received clopi-
dogrel [23]. All patients underwent genotyping for the 
following genes – CUR2C19; CYP3A5; ABCB1; P2Y12, 
P2RY12; ITGB3 (IIB-IIIA receptor). For CYP2C19, the fre-
quencies of the CYP2C19 alleles *2, *3, *4 and *5 were 
studied. In this study, the criterion of the “endpoint”, or 
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the primary outcome, was used. It included death from 
any cause (strokes, myocardial infarction, stent throm-
bosis, etc.) during the first year after the development of 
myocardial infarction. In the group of patients with the 
presence of cardiovascular events and complications, 
the frequency of single nucleotide polymorphisms in 
the CYP3A5, P2RY12 and ITGB3 genes was significantly 
higher than in the group without the “endpoint”. The 
patients carrying two alleles of the CYP2C19 gene were 
more at risk of developing an “endpoint” than in the 
group of patients without a polymorphic carriage [23].

A research group under Sibbing D., Stegherr J., Latz 
W.’s direction examined 772 patients who had been 
stented and were receiving dual antiplatelet therapy 
(aspirin and clopidogrel). All patients received clopido-
grel 600 mg/daily as a loading dose and 75 mg/daily as a 
maintenance dose. Alleles CYP2C19*1 and *2 were gen-
otyped. The primary endpoint or probable stent throm-
bosis was determined within 6 months after stenting. 
It turned out that in the patients carrying at least one 
variant of the CYP2C19*2 allele, the risk of recurrent 
thrombosis was much higher than in the patients carry-
ing functionally active alleles [24].

Other randomized, controlled trials have shown that 
the patients who had undergone PCIs and were receiv-
ing clopidogrel at the dose of 300 mg/daily followed by 
a maintenance dose of 75 mg/daily, had a higher inci-
dence of adverse cardiovascular outcomes (death from 
cardiovascular causes) and re-thrombosis of the stent, in 
the case of carriage of polymorphic genes encoding CY-
P2C19, CYP2C9, CYP2B6, CYP3A5, CYP3A4 and CYP1A2. 
Moreover, it was found out that the most pronounced 
relationship was between the carriage of polymorphic 
alleles of the isoenzyme CYP2C19 and death [25, 26].

The problem of searching for the causes of the re-
sistance development to clopidogrel was studied in 
Portugal. According to the above studies, the patients 
with carriage of CYP2C19*2 and *17 had a poorer me-
dium-term prognosis of ischemic events compared to 
other diplotypes. This fact also reflects the specificity in 
establishing associations with clinical outcomes of isch-
emic events [27].

Separate studies were devoted to the investigation 
of the polymorphism of P-glycoprotein – the ABCB1 
gene responsible for the adsorption of clopidogrel in 
the gastrointestinal tract after the oral administration. 
Thus, it was shown that a decrease in the concentration 
of clopidogrel after a single dose of 300 or 600 mg, was 
observed in the patients homozygous for the ABCB1 
variant of the 3,435T allele [28].

In Japan, a study was conducted by Miura G. et al. 
The aim was to investigate the genetic and non-genetic 
factors responsible for the antiplatelet effects of clopi-
dogrel in Japanese patients undergoing coronary stent 
implantation [29]. It was concluded that the frequency 
of CYP2C19 polymorphic carriage in Japanese patients is 
close to the frequency of the identical single nucleotide 

substitutions in Asians. The researchers have assotiated 
the antiplatelet effects of clopidogrel in the steady state 
not only with CYP2C19 genotypes, but also with several 
nongenetic, modifiable factors, including dyslipidemia. 
Based on their own research results, the authors pro-
posed a multifactorial algorithm for predicting individual 
responses to clopidogrel therapy [29].

In the pharmacoeconomic study by Jiang Minghuan, 
You Joyce H.S. et al., lifelong health costs were mod-
eled, taking into account the quality-adjusted life years 
(QALYs) of the three antiplatelet regimens, in hypothet-
ical 60-year-old ACS patients after PCIs. The first model 
included the administration of clopidogrel at the dose 
of 75 mg daily, the second – clopidogrel at the dose of 
225 mg daily, and the third model suggested a universal 
alternative antiplatelet therapy (prasugrel or ticagre-
lor). It has been proved by a mathematical method that 
clopidogrel therapy at the dose of 75 mg daily is more 
cost-efficient only when the prevalence among the pop-
ulation of CYP2C19 alleles with a loss of function is less 
than 2.6%. That explains the relevance and the need for 
further population genetic studies [30].

In the study by Hokimoto Seiji, Akasaka Tomonori et 
al. it was found out that the simultaneous use of esome-
prazole with clopidogrel does not cause a decrease in 
the antithrombotic efficacy of clopidogrel or an increase 
in the risk of cardiovascular events, regardless of the 
CYP2C19 genotype. These results are interesting from a 
research and practice belief, since they indicate a less 
significant role of modifiable factors, such as drug inter-
actions, on the effectiveness of antiaggregatory therapy 
[31].

In the United States, clinical guidelines on the imple-
mentation of pharmacogenetic studies of the CYP2C19 
gene in the clopidogrel therapy process, were developed 
by a consortium of physicians [32]. The document was 
worked out on the basis of the fundamental research 
showing that alleles of CYP2C19 function loss, disrupt 
the formation of active metabolites of clopidogrel which 
leads to a significant decrease in platelet inhibition. In-
effective CYP2C19 alleles increase the risk of serious ad-
verse cardiovascular events among the patients receiv-
ing clopidogrel with ACS undergoing PCIs. Appropriate 
indications for genotype-directed antiplatelet therapy of 
CYP2C19 have been developed and recommendations 
for specific CYP2C19 alleles have been refined.

A group of South Korean scientists conducted a 
comparative meta-analysis of CYP2C19 gene polymor-
phism and the risk of adverse clinical outcomes in the 
patients with an ischemic heart disease of various eth-
nic groups who were receiving clopidogrel [33]. The 
meta-analysis comprised 16 prospective cohort studies, 
including 7,035 patients carrying ≥ 1 CYP2C19 LOF allele 
(loss of function) and 13,750 patients with the wild-type 
genotype. The results of the studies from the central and 
eastern parts of Europe turned out to be identical, while 
the ones from the western countries were contradictory. 
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A stratified analysis by ethnicity of the study population 
showed a higher chance of adverse clinical events in the 
Asian population with variants LOFCYP2C19 (or 1.89, 
95% CI 1.32–2.72) compared with the Western popula-
tion (or 1, 28, 95% CI 1.00–1.64). In addition, the carriers 
of ≥1 CYP2C19 LOF allele had twice as high mortality and 
stent thrombosis compared with the wild-type homozy-
gotes.

According to the Chinese researchers Tang Xiao-
Fang, Wang Jing, Zhang Jia-Hui et al., the prevalence of 
the CYP2C19 * 2 allele in the Chinese is higher than in 
the Caucasians, therefore, the cases of ineffectiveness 
of antiplatelet therapy and the use of PCIs in the Chinese 
ethnic group are comparably more. The authors studied 
the effect of carriage of polymorphic alleles CYP2C19 * 
2, ABCB1 and PON1 on clopidogrel pharmacodynamics 
and clinical outcomes in 670 Chinese patients after PCIs. 
It turned out that only alleles of CYP2C19 function loss 
had a dose-dependent effect on the pharmacodynamics 
of clopidogrel. However, the role of the ABCB1 and PON1 
genotypes in the antiplatelet effect of clopidogrel has 
not been established [34]. The studies have been carried 
out to research the activity of clopidogrel in 183 Chinese 
patients with a stroke. After loading with clopidogrel at 
the dose of 300 mg and seven maintenance doses of 
clopidogrel at the dose of 75 mg, the platelet function 
was assessed. According to the results of the study, it 
was established that both CYP2C19 alleles (*2 and *3) 
are significantly associated with a maximum platelet 
aggregation and a low response to clopidogrel [35]. A 
comparative analysis of the frequency of polymorphic 
CYP2C19 carriage was carried out in the Thai population 
and in the Caucasian and Eastern ethnic groups [36]. The 
analysis of the CYP2C19 genotypes in 107 Thais showed 
that the allele frequencies for CYP2C19*1, CYP2C19*2 
and CYP2C19*3 were 0.71 (95% CI 0.65–0.77), 0.27 (95% 
CI 0.21–0.33) and 0.02 (95% CI 0.01–0.05), respectively. 
The frequencies of the defective CYP2C19 alleles in the 
Thais, especially of CYP2C19*3, were lower than in other 
eastern populations.

In 2008, 797 patients in Germany studied 2C19 
681G> cytochrome P450 polymorphism and the phe-
nomenon of high platelet reactivity in the presence of 
clopidogrel. It was found out that carriers of polymor-
phic, non-functional CYP2C19 alleles are associated 
with increased residual platelet activity and unfavorable 
clinical outcome of planned PCIs during the first year. 
Moreover, it was found out that the residual platelet ag-
gregation in the initial state did not differ significantly 
between the genotypes [37].

In 2008, 2C19 681G> polymorphism of P450 cyto-
chrome and a phenomenon of a high platelet reactivity 
against the background of clopidogrel, were studied in 
797 patients in Germany. It was found out that carriers 
of polymorphic, non-functional CYP2C 19 alleles are as-
sociated with an increased residual platelet activity and 
unfavorable clinical outcome of the planned PCIs during 

the first year. Moreover, it was found out that the re-
sidual platelet aggregation did not differ significantly be-
tween genotypes in the initial state [37].

In Poland, a group of scientists studied a platelet 
function in 105 patients with ACS who had received PCIs. 
After ACS, the patients were followed up for 12 months. 
During the first year of follow-up, two out of 11 patients 
who were carriers of polymorphic alleles 2*CYP2C19, 
had a recurrent development of ACS [38]. 

Similar studies were carried out in Florence [39]. 
The role of the CYP2C19*2 polymorphism in the occur-
rence of stent thrombosis (ST), or adverse cardiovascular 
events during a 6-month follow-up after PCIs with stent 
implantation, against the background of dual antiplate-
let therapy, was assessed. In the patients with stent 
thrombosis or a combination of thrombosis and sudden 
death, a higher prevalence of carriers of the slow CY-
P2C19 alleles was noted.

A comparative study of the occurrence frequency 
of polymorphic genes CYP2C8, CYP2C9 and CYP2C19 in 
the ethnic groups of the Spaniards (n=282) and Ecua-
dorian mestizos (n = 297) has been conducted by for-
eign researchers. Blood samples were genotyped for 
alleles CY2C8*3, CYP2C9*2, CYP2C9*3, CYP2C19*2 and 
CYP2C19*3, CYP2C19*17 [40]. It turned out that the 
frequency of CYP2C19*17 alleles was higher in the Ec-
uadorians than in the Spaniards (P <0.001), and the fre-
quency of CYP2C19*3 was the same in these two popu-
lations (P>0.05). Other allelic variants were found out at 
significantly lower frequencies in the Ecuadorians than 
in the Spaniards (P<0.05). There was a higher activity of 
CYP2C8, CYP2C9 and CYP2C19 in Metis-Ecuadorians, in 
contrast to the Spaniards, which, according to the au-
thors, may mean differences in the dosage requirements 
for the drugs metabolized by these cytochromes, and 
should be also considered in the studies associated with 
the alleles and diseases. [40].

The CYP2C19-associated mephenytoin polymor-
phism was investigated in the Inuit population living in 
Canada (n = 152). The frequency of the polymorphic CY-
P2C19*1 allele, determined in unrelated subjects, was 
0.12 (95% CI: 0.07–0.17). CYP2C19*2 was not detected 
in this ethnic group. It was concluded that Canadian In-
uits resemble Caucasian rather than Asian populations, 
both in phenotype frequency and in the molecular basis 
of polymorphism [41].

A group of Iranian scientists studied the effect of 
polymorphism of the P2Y12, CYP3A5 and CYP2C19 
genes on platelet reactivity in the postoperative period. 
All patients included in the study received aspirin at the 
dose of 80-325 mg one week before PCI. After taking 600 
mg of clopidogrel at 2 hours, 24 hours and 30 days after 
PCIs, platelet aggregation was measured by a turbidi-
metric aggregation analysis with two different concen-
trations of ADP. The work showed that the maximum re-
sistance to clopidogrel was observed 2 hours after taking 
the loading dose of the drug. At the same time, an asso-
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ciative relationship between the carriage of polymorphic 
CYP2C19, CYP3A5, and P2Y12 alleles and a clopidogrel 
reactivity in the Iranian population was not established. 
According to the authors, this indicates a greater influ-
ence of non-genetic, modifiable traits on the variability 
of the response to clopidogrel [42].

In 2003, 200 blood samples were genotyped in Croa-
tia to study the prevalence of allelic variants CYP2C9, CY-
P2C19 and CYP2D6. The allele frequencies for CYP2C9*1 
(wt), CYP2C9*2, and CYP2C9*3 were 0.74, 0.165, and 
0.095, respectively. For CYP2C19, the most frequent al-
leles were CYP2C19*1 and CYP2C19*2, with frequencies 
of 0.85 and 0.15. For CYP2D6, the most common alleles 
were CYP2D6*1 (the frequency of 0.765), CYP2D6*2 
(0.04), CYP2D6*3 (0.0275), CYP2D6*4 (0.14), CYP2D6*5 
(0.01) and CYP2D6*6 (0.015). The study showed that 
in the Croatian ethnic group, the prevalence of allelic 
variants and predicted genotypes corresponds to other 
European populations and can be interpolated between 
the values for the Central European and Mediterranean 
populations [43].

In Mexico, the polymorphism of the ABCB1, CYP3A5, 
CYP2C19, and P2RY12 genes was studied [44]. Polymor-
phisms ABCB1 T3435C, CYP3A5 V3 A6986G, P2RY12 
G52T, P2RY12 C34T, CYP2C19 V2 and V3 (positions g681a 
and G636A, respectively) were analyzed using 5’ exonu-
clease genotyping. The CYP2C19 * 3 G636A allele was 
not identified in the Mexican mestizo population. How-
ever, in the study group, significant differences (P<0.05) 
were observed in the distribution of polymorphisms 
T3435C, A6986G, G681A, G52T, and C34T in comparison 
with the recorded frequencies in the populations of Indi-
ans of South America, the Caucasus, Asia and Africa [44]

The clinical significance of SNPS CYP2C19*2, *3, 
*17 and PON1 Q192R in the Chinese, Malays and Asian 
Indians was studied. The results were obtained indicat-
ing the presence of pronounced interethnic variability 
in the formation of the response to clopidogrel. The 
authors concluded that in the Chinese, the CYP2C19*2 
and *3 polymorphisms but not *17 must be studied. 
While in the Indians, polymorphisms CYP2C19*2 and 
*17, but not *3 have a great clinical significance in the 
formation of resistance to clopidogrel. In the Malays, 
the authors propose to study all three polymorphisms 
for the individual selection of the dose of clopidogrel 
[45].

In France, within the framework of the creation of 
the French myocardial infarction register (FAST-MI), the 
modification of the P2RY12 receptor and the effect of 
the carriage of polymorphic sequences of this gene on 
the clinical efficacy of clopidogrel were studied. Associa-
tive connections were not established [46]. Apparently, 
the carriage of this polymorphism cannot be considered 
as an independent cause of clinical failures of antiplate-
let therapy. It seems promising and most important to 
study the frequency of carriage of polymorphic alleles 
P2RY12, ABCB1 (C3435T, G2677T, and C136T) in combi-

nation with the study of CYP2C19 gene polymorphism 
both in populations and in separate individuals.

Results of Russian studies
In the Russian Federation, the frequency of occur-

rence of CYP2C19 polymorphisms in the Russian and 
Nogai populations has been studied. The frequency of 
occurrence of polymorphic CYP2C19 alleles in patients 
from the central part of Russia and Siberia has been 
comparatively evaluated [47]. The occurrence frequency 
of polymorphic alleles of metabolism genes and trans-
port proteins in three ethnic groups of Dagestan has 
been determined [14]. The studies have demonstrated 
a wide interethnic variability in the distribution of poly-
morphic alleles of the CYP2C19 gene.

The work to assess the influence of polymorphisms 
of the CYP2C19, ABCB1 genes and a low activity of the 
CYP3A4 isoenzyme on the development of complica-
tions after stent implantation in the patients with ACS, 
has been carried out [48]. There was an increased lab-
oratory resistance to clopidogrel (PRU>208) in carriers 
of polymorphic alleles CYP2C19*2: 53.8% vs. 16.2%, 
which, however, did not affect the incidence of stent 
thrombosis. The same changes concerned the study of 
CYP2C19*17 gene polymorphism.

The effect of CYP2C19 gene polymorphism on plate-
let reactivity, pharmacokinetics and pharmacodynamics 
of clopidogrel, the incidence of cardiovascular events 
and complications, has been studied [49]. As a result 
of genotyping, 39 out of 55 people were identified with 
the genotype (CYP2C19*1 / *1), 14 were heterozygous 
carriers (CYP2C19*1 / *2) and 2 patients were with the 
CYP2C19*2 / *2 genotype. It was found out that patients 
with a clinical resistance to clopidogrel, confirmed by 
laboratory tests, had a higher risk of ischemic compli-
cations.

Clinical observation and genetic testing of 399 pa-
tients with CVPs [50] have been conducted by Komarov 
A.L. et al. for 18 months. The main inclusion criteria 
were: a stable manifestation of ischemic heart disease, 
myocardial revascularization, an ACS episode more than 
a month ago, clopidogrel monotherapy (n = 83), or clopi-
dogrel + ASA (n = 316). In this case, the daily dose of 
clopidogrel and ASA was 75-150 mg of each drug. The 
following parameters were selected as primary end-
points: death from cardiovascular causes, ACS, ischemic 
strokes, transient ischemic attack (TIA), coronary artery 
revascularization, and cases of any bleeding according 
to TIMI (Thrombolysis In Myocardial Infarction). The 
residual platelet reactivity was determined by the Born 
turbodimetric method in 3 and 6 months. There was no 
statistically significant relationship between the level of 
residual platelet reactivity and the carriage of polymor-
phic markers of the CYP2C19 gene.

The prevalence of allelic variants of the CYP2C19 
gene *1, *2, *3, *17 has been studied in the patients 
receiving clopidogrel – representatives of the West Sibe-
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rian and Far Eastern regions. Depending on the degree 
of the platelet aggregation, the groups of patients with 
different sensitivity to clopidogrel, were identified. In 
this study, a statistically significant relationship between 
the CYP2C19*2 polymorphic variant and the change in 
the aggregation after taking clopidogrel, was established 
[51].

CONCLUSION
The analysis of the literature sources devoted to the 

study of the carriage of polymorphic cytochrome P450 
genes involved in the metabolism of antiplatelet drugs, 
indicates the multifactoriality of candidate genes and 
the heterogeneity of the polymorphic alleles distribu-
tion of the CYP2C19 genes in ethnic groups. This creates 
preconditions for the need for fundamental, popula-
tions studies of hereditary sensitivity to antiaggregatory 
drugs in various subjects of the Russian Federation. In 
many countries, based on the results of determining the 

genotypes of CYP2C19, appropriate indications for gen-
otype-directed antiplatelet therapy have already been 
developed, and recommendations for specific alleles of 
CYP2C19 have been refined. At the same time, we con-
sider it necessary to further study the influence of the 
carriage of other polymorphic alleles of the cytochrome 
P450 genes – CYP1A2 and CYP2B6, as well as the poly-
morphism of platelet receptors on the formation of re-
sistance to antiaggregation therapy. Based on the results 
of the CYP2C19 genotypes determination, appropriate 
indications for genotype-directed antiplatelet therapy 
have already been developed, and recommendations 
for specific CYP2C19 alleles have been refined in many 
countries.

At the same time, the effect of carriage of other 
polymorphic alleles of the cytochrome P450 genes – CY-
P1A2 and CYP2B6, as well as platelet receptor polymor-
phism, on the formation of resistance to antiaggregation 
therapy, is necessary to be studied further.

FUNDING
This work did not have funding from outside organizations.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

AUTHORS’ CONTRIBUTION
B.I. Kantemirova – planning and writing the review; E.A. Orlova – collecting the material and editing the review; 

O.S. Polunina – review editing; E.N. Chernysheva – collecting the material for the review; M.A. Abdullaev –  
collecting the material for the review; D.A. Sychev – planning, working out the concept of the article.

REFERENCES
1. Iskakov YeB. Epidemiology of cardiovascular diseases. 

Medicine and ecology. 2017;2:19–28. Russian
2. Ivanov DO, Orel VI, Aleksandrovich YuS, Pshenisnov KV, 

Lomovceva RH. Diseases of the cardiovascular system as 
the leading cause of death in russian federation: ways of 
problem solution. Medicine and Organization of Health 
Care. 2019;4(2):4–12. Russian

3. Mărginean A, Bănescu C, Moldovan V, Scridon A, Mărgin-
ean M, Bălaşa R, Maier S, Ţăruşi M, Dobreanu M. The Im-
pact of CYP2C19 Loss-of-Function Polymorphisms, Clini-
cal, and Demographic Variables on Platelet Response to 
Clopidogrel Evaluated Using Impedance Aggregometry. 
Clin Appl Thromb Hemost. 2017 Apr;23(3):255–265. DOI: 
10.1177/1076029616629211.

4. Mesitskaia DF, Nikitina IuM, Kopylov FIu, Nesterova SG. Re-
sistance to clopidogrel: do we know everything? Kardiologi-
ya i Serdechno-Sosudistaya Khirurgiya. 2013;6(1):27–32.

5. Lewis JP, Riaz M, Xie S, Polekhina G, Wolfe R, Nelson M, 
Tonkin AM, Reid CM, Murray AM, McNeil JJ, Shuldiner 
AR, Lacaze P. Genetic Variation in PEAR1, Cardiovascular 
Outcomes and Effects of Aspirin in a Healthy Elderly Popu-
lation. Clin Pharmacol Ther. 2020 Dec;108(6):1289–1298. 
DOI: 10.1002/cpt.1959.

6. Gum PA, Kottke-Marchant K, Welsh PA, White J, Topol EJ. A 
prospective, blinded determination of the natural history 
of aspirin resistance among stable patients with cardiovas-
cular disease. J Am Coll Cardiol. 2003 Mar 19;41(6):961–5. 
DOI: 10.1016/s0735-1097(02)03014-0.

7. Kurcheva N.P., Mirzaev K.B., Sychev D.A. A multifactori-
al algorithm to predict on-clopidogrel platelet reactivity 
as a potential way to improve the efficacy and safety of 
antiplatelet therapy. Pharmacogenetics and Pharmacog-
enomics. 2015;(2):29–32. Russian

8. Gershlick AH, Price MJ. Full Revascularization in the Patient 
With ST-Segment Elevation Myocardial Infarction: The Sto-
ry So Far. J Am Coll Cardiol. 2019 Dec 3;74(22):2724–2727. 
DOI: 10.1016/j.jacc.2019.10.022.

9. Mega JL, Close SL, Wiviott SD, Shen L, Hockett RD, Brandt 
JT, Walker JR, Antman EM, Macias W, Braunwald E, Saba-
tine MS. Cytochrome p-450 polymorphisms and response 
to clopidogrel. N Engl J Med. 2009 Jan 22;360(4):354–62. 
DOI: 10.1056/NEJMoa0809171.

10. Mirzaev K.B., Sychev D.A., Andreev D.A. GENETICS OF 
CLOPIDOGREL RESISTANCE: RECENT DATA. Russian Jour-
nal of Cardiology. 2015;(10):92–98. DOI: 10.15829/1560-
4071-2015-10-92-98. Russian

11. Saiz-Rodríguez M, Romero-Palacián D, Villalobos-Vilda C, 
Caniego JL, Belmonte C, Koller D, Bárcena E, Talegón M, 
Abad-Santos F. Influence of CYP2C19 Phenotype on the Ef-
fect of Clopidogrel in Patients Undergoing a Percutaneous 
Neurointervention Procedure. Clin Pharmacol Ther. 2019 
Mar;105(3):661–671. DOI: 10.1002/cpt.1067.

12. Grabuzdov AM, Shuev GN, Sulejmanov SSh, Ryzhikova KA, 
Sychyov DA. Sravnenie chastoty vstrechaemosti odno-
nukleotidnogo varianta CYP3A5*3 v etnicheskih gruppah 
russkih i nanajcev. Pharmacogenetics and Pharmacog-
enomics. 2017;2:48–49. Russian



402

ISSN 2307-9266   e-ISSN 2413-2241

Volume VIII, Issue 6, 2020

REVIEWS, LECTURES

402

13. Mejin M, Tiong WN, Lai LY, Tiong LL, Bujang AM, Hwang 
SS, Ong TK, Fong AY. CYP2C19 genotypes and their impact 
on clopidogrel responsiveness in percutaneous coronary 
intervention. Int J Clin Pharm. 2013 Aug;35(4):621–8. DOI: 
10.1007/s11096-013-9783-y.

14. Mirzaev KB, Sychev DA, Ryzhikova KA, Konova OD, Mam-
maev SN, Gafurov DM, Shuev GN, Grishina EA, Sozaeva ZA. 
Genetic Polymorphisms of Cytochrome P450 Enzymes and 
Transport Proteins in a Russian Population and Three Eth-
nic Groups of Dagestan. Genet Test Mol Biomarkers. 2017 
Dec;21(12):747–753. DOI: 10.1089/gtmb.2017.0036.

15. Price MJ, Berger PB, Teirstein PS, Tanguay JF, Angiolillo 
DJ, Spriggs D, Puri S, Robbins M, Garratt KN, Bertrand OF, 
Stillabower ME, Aragon JR, Kandzari DE, Stinis CT, Lee MS, 
Manoukian SV, Cannon CP, Schork NJ, Topol EJ; GRAVITAS 
Investigators. Standard- vs high-dose clopidogrel based 
on platelet function testing after percutaneous coronary 
intervention: the GRAVITAS randomized trial. JAMA. 2011 
Mar 16;305(11):1097–105. DOI: 10.1001/jama.2011.290.

16. Kuliczkowski W, Witkowski A, Polonski L, Watala C, Filipiak 
K, Budaj A, Golanski J, Sitkiewicz D, Pregowski J, Gorski J, 
Zembala M, Opolski G, Huber K, Arnesen H, Kristensen SD, 
De Caterina R. Interindividual variability in the response 
to oral antiplatelet drugs: a position paper of the Working 
Group on antiplatelet drugs resistance appointed by the 
Section of Cardiovascular Interventions of the Polish Car-
diac Society, endorsed by the Working Group on Throm-
bosis of the European Society of Cardiology. Eur Heart J. 
2009 Feb;30(4):426–35. DOI: 10.1093/eurheartj/ehn562. 

17. 17. Desta Z, Zhao X, Shin JG, Flockhart DA. Clinical signif-
icance of the cytochrome P450 2C19 genetic polymor-
phism. Clin Pharmacokinet. 2002;41(12):913–58. DOI: 
10.2165/00003088-200241120-00002.

18. Xie HG, Kim RB, Wood AJ, Stein CM. Molecular basis of 
ethnic differences in drug disposition and response. Annu 
Rev Pharmacol Toxicol. 2001;41:815–50. DOI: 10.1146/
annurev.pharmtox.41.1.815.

19. Zand N, Tajik N, Moghaddam AS, Milanian I. Genetic poly-
morphisms of cytochrome P450 enzymes 2C9 and 2C19 
in a healthy Iranian population. Clin Exp Pharmacol Physi-
ol. 2007 Jan-Feb;34(1–2):102–5. DOI: 10.1111/j.1440-
1681.2007.04538.x. 

20. Sorich MJ, Rowland A, McKinnon RA, Wiese MD. CYP2C19 
genotype has a greater effect on adverse cardiovascular 
outcomes following percutaneous coronary intervention 
and in Asian populations treated with clopidogrel: a me-
ta-analysis. Circ Cardiovasc Genet. 2014 Dec;7(6):895–
902. DOI: 10.1161/CIRCGENETICS.114.000669.

21. Verma SS, Bergmeijer TO, Gong L, Reny JL, Lewis JP, 
Mitchell BD, Alexopoulos D, Aradi D, Altman RB, Bliden K, 
Bradford Y, Campo G, Chang K, Cleator JH, Déry JP, Dri-
di NP, Fernandez-Cadenas I, Fontana P, Gawaz M, Geisler 
T, Gensini GF, Giusti B, Gurbel PA, Hochholzer W, Holm-
vang L, Kim EY, Kim HS, Marcucci R, Montaner J, Backman 
JD, Pakyz RE, Roden DM, Schaeffeler E, Schwab M, Shin 
JG, Siller-Matula JM, Ten Berg JM, Trenk D, Valgimigli M, 
Wallace J, Wen MS, Kubo M, Lee MTM, Whaley R, Winter 
S, Klein TE, Shuldiner AR, Ritchie MD; ICPC Investigators. 
Genomewide Association Study of Platelet Reactivity and 
Cardiovascular Response in Patients Treated With Clopi-
dogrel: A Study by the International Clopidogrel Phar-
macogenomics Consortium. Clin Pharmacol Ther. 2020 
Nov;108(5):1067–1077. DOI: 10.1002/cpt.1911.

22. Collet JP, Hulot JS, Pena A, Villard E, Esteve JB, Silvain 
J, Payot L, Brugier D, Cayla G, Beygui F, Bensimon G, 
Funck-Brentano C, Montalescot G. Cytochrome P450 
2C19 polymorphism in young patients treated with clopi-
dogrel after myocardial infarction: a cohort study. Lancet. 
2009 Jan 24;373(9660):309–17. DOI: 10.1016/S0140-
6736(08)61845-0. 

23. Simon T, Verstuyft C, Mary-Krause M, Quteineh L, Drou-
et E, Méneveau N, Steg PG, Ferrières J, Danchin N, Bec-
quemont L; French Registry of Acute ST-Elevation and 
Non-ST-Elevation Myocardial Infarction (FAST-MI) Inves-
tigators. Genetic determinants of response to clopido-
grel and cardiovascular events. N Engl J Med. 2009 Jan 
22;360(4):363–75. DOI: 10.1056/NEJMoa0808227.

24. Sibbing D, Stegherr J, Latz W, Koch W, Mehilli J, Dörrl-
er K, Morath T, Schömig A, Kastrati A, von Beckerath N. 
Cytochrome P450 2C19 loss-of-function polymorphism 
and stent thrombosis following percutaneous coronary 
intervention. Eur Heart J. 2009 Apr;30(8):916–22. DOI: 
10.1093/eurheartj/ehp041.

25. Mega JL, Close SL, Wiviott SD, Shen L, Walker JR, Simon 
T, Antman EM, Braunwald E, Sabatine MS. Genetic vari-
ants in ABCB1 and CYP2C19 and cardiovascular outcomes 
after treatment with clopidogrel and prasugrel in the TRI-
TON-TIMI 38 trial: a pharmacogenetic analysis. Lancet. 
2010 Oct 16;376(9749):1312–9. DOI: 10.1016/S0140-
6736(10)61273-1.

26. Zhang HZ, Kim MH, Guo LZ, Serebruany V. CYP2C19 but 
not CYP2B6, CYP3A4, CYP3A5, ABCB1, PON1 or P2Y12 ge-
netic polymorphism impacts antiplatelet response after 
clopidogrel in Koreans. Blood Coagul Fibrinolysis. 2017 
Jan;28(1):56–61. DOI: 10.1097/MBC.0000000000000536.

27. Teixeira, R., Grazina, M., Monteiro, P., Soares, F., Lourenço, 
M. and Pêgo, G. (2012) CYP2C19 (+ or –)*2/(+ or –)*17 
Diplotypes: Prognostic impactson patients with acute cor-
onary syndrome. World Journal of Cardiovascular Diseas-
es. 2012;2:260–268. DOI: 10.4236/wjcd.2012.24041.

28. Taubert D, von Beckerath N, Grimberg G, Lazar A, Jung 
N, Goeser T, Kastrati A, Schömig A, Schömig E. Impact 
of P-glycoprotein on clopidogrel absorption. Clin Phar-
macol Ther. 2006 Nov;80(5):486–501. DOI: 10.1016/j.
clpt.2006.07.007.

29. Miura G, Ariyoshi N, Sato Y, Yamaguchi H, Iwata Y, Fujimo-
to Y, Kobayashi Y, Ishii I. Genetic and non-genetic factors 
responsible for antiplatelet effects of clopidogrel in Jap-
anese patients undergoing coronary stent implantation: 
an algorithm to predict on-clopidogrel platelet reactivity. 
Thromb Res. 2014 Oct;134(4):877–83. DOI: 10.1016/j.
thromres.2014.07.018.

30. Jiang M, You JH. CYP2C19 genotype plus platelet re-
activity-guided antiplatelet therapy in acute coronary 
syndrome patients: a decision analysis. Pharmacogen-
et Genomics. 2015 Dec;25(12):609–17. DOI: 10.1097/
FPC.0000000000000177. 

31. Hokimoto S, Akasaka T, Tabata N, Arima Y, Tsujita K, Sakamo-
to K, Kaikita K, Morita K, Kumagae N, Yamamoto E, Oniki K, 
Nakagawa K, Ogawa H. Impact of esomeprazole on plate-
let reactivity and clinical outcome according to CYP2C19 
genotype in coronary heart disease patients during dual 
antiplatelet therapy. Thromb Res. 2015 Jun;135(6):1081–
6. DOI: 10.1016/j.thromres.2015.03.033.

32. Scott SA, Sangkuhl K, Stein CM, Hulot JS, Mega JL, Roden 
DM, Klein TE, Sabatine MS, Johnson JA, Shuldiner AR; Clin-



403Том 8, Выпуск 6, 2020

ОБЗОРЫ, ЛЕКЦИИ

403

DOI: 10.19163/2307-9266-2020-8-6-392-404

ical Pharmacogenetics Implementation Consortium. Clini-
cal Pharmacogenetics Implementation Consortium guide-
lines for CYP2C19 genotype and clopidogrel therapy: 2013 
update. Clin Pharmacol Ther. 2013 Sep;94(3):317–23. DOI: 
10.1038/clpt.2013.105.

33. Jang JS, Cho KI, Jin HY, Seo JS, Yang TH, Kim DK, Kim DS, 
Seol SH, Kim DI, Kim BH, Park YH, Je HG, Jeong YH, Lee SW. 
Meta-analysis of cytochrome P450 2C19 polymorphism 
and risk of adverse clinical outcomes among coronary 
artery disease patients of different ethnic groups treated 
with clopidogrel. Am J Cardiol. 2012 Aug 15;110(4):502–8. 
DOI: 10.1016/j.amjcard.2012.04.020. 

34. Tang XF, Wang J, Zhang JH, Meng XM, Xu B, Qiao SB, Wu YJ, 
Chen J, Wu Y, Chen JL, Gao RL, Yuan JQ, Yang YJ. Effect of 
the CYP2C19 2 and 3 genotypes, ABCB1 C3435T and PON1 
Q192R alleles on the pharmacodynamics and adverse clin-
ical events of clopidogrel in Chinese people after percuta-
neous coronary intervention. Eur J Clin Pharmacol. 2013 
May;69(5):1103–12. DOI: 10.1007/s00228-012-1446-8. 

35. Yang J, Zhao HD, Tan J, Ding YL, Gu ZQ, Zou JJ. CY-
P2C19 polymorphism and antiplatelet effects of clopi-
dogrel in Chinese stroke patients. Pharmazie. 2013 
Mar;68(3):183–6. 

36. Tassaneeyakul W, Tawalee A, Tassaneeyakul W, Kukong-
viriyapan V, Blaisdell J, Goldstein JA, Gaysornsiri D. Analy-
sis of the CYP2C19 polymorphism in a North-eastern Thai 
population. Pharmacogenetics. 2002 Apr;12(3):221–5. 
DOI: 10.1097/00008571-200204000-00006.

37. Trenk D, Hochholzer W, Fromm MF, Chialda LE, Pahl A, Va-
lina CM, Stratz C, Schmiebusch P, Bestehorn HP, Büttner 
HJ, Neumann FJ. Cytochrome P450 2C19 681G>A poly-
morphism and high on-clopidogrel platelet reactivity 
associated with adverse 1-year clinical outcome of elec-
tive percutaneous coronary intervention with drug-elut-
ing or bare-metal stents. J Am Coll Cardiol. 2008 May 
20;51(20):1925-34. DOI: 10.1016/j.jacc.2007.12.056. 

38. Malek L.A., Kisiel B., Spiewak M., Grabowski M, Filipiak 
KJ, Kostrzewa G, Huczek Z, Ploski R, Opolski G. Coexisting 
polymorphisms of P2Y12 and CYP2C19 genes as a risk fac-
tor for persistent platelet activation with clopidogrel. Circ 
J. 2008 Jul;72(7):1165–9. DOI: 10.1253/circj.72.1165.

39. Giusti B, Gori AM, Marcucci R, Saracini C, Sestini I, Pan-
iccia R, Buonamici P, Antoniucci D, Abbate R, Gensini GF. 
Relation of cytochrome P450 2C19 loss-of-function poly-
morphism to occurrence of drug-eluting coronary stent 
thrombosis. Am J Cardiol. 2009 Mar 15;103(6):806–11. 
DOI: 10.1016/j.amjcard.2008.11.048.

40. Vicente J, González-Andrade F, Soriano A, Fanlo A, 
Martínez-Jarreta B, Sinués B. Genetic polymorphisms 
of CYP2C8, CYP2C9 and CYP2C19 in Ecuadorian Mestizo 
and Spaniard populations: a comparative study. Mol Biol 
Rep. 2014 Mar;41(3):1267–72. DOI: 10.1007/s11033-013-
2971-y.

41. Jurima-Romet M, Goldstein JA, LeBelle M, Aubin RA, 
Foster BC, Walop W, Rode A. CYP2C19 genotyping and 
associated mephenytoin hydroxylation polymorphism 

in a Canadian Inuit population. Pharmacogenetics. 1996 
Aug;6(4):329–39. DOI: 10.1097/00008571-199608000-
00006.

42. Namazi S, Kojuri J, Khalili A, Azarpira N. The impact of ge-
netic polymorphisms of P2Y12, CYP3A5 and CYP2C19 on 
clopidogrel response variability in Iranian patients. Bio-
chem Pharmacol. 2012 Apr 1;83(7):903–8. DOI: 10.1016/j.
bcp.2012.01.003.

43. Bozina N, Granić P, Lalić Z, Tramisak I, Lovrić M, Stavl-
jenić-Rukavina A. Genetic polymorphisms of cytochromes 
P450: CYP2C9, CYP2C19, and CYP2D6 in Croatian popula-
tion. Croat Med J. 2003 Aug;44(4):425–8.

44. Vargas-Alarcón G, Ramírez-Bello J, de la Peña A, 
Calderón-Cruz B, Peña-Duque MA, Martínez-Ríos MA, 
Ramírez-Fuentes S, Pérez-Méndez O, Fragoso JM. Distri-
bution of ABCB1, CYP3A5, CYP2C19, and P2RY12 gene 
polymorphisms in a Mexican Mestizos population. Mol 
Biol Rep. 2014 Oct;41(10):7023–9. DOI: 10.1007/s11033-
014-3590-y.

45. Simon T, Steg PG, Gilard M, Blanchard D, Bonello L, Hans-
sen M, Lardoux H, Coste P, Lefèvre T, Drouet E, Mulak 
G, Bataille V, Ferrières J, Verstuyft C, Danchin N. Clinical 
events as a function of proton pump inhibitor use, clopi-
dogrel use, and cytochrome P450 2C19 genotype in a 
large nationwide cohort of acute myocardial infarction: 
results from the French Registry of Acute ST-Elevation and 
Non-ST-Elevation Myocardial Infarction (FAST-MI) registry. 
Circulation. 2011 Feb 8;123(5):474–82. DOI: 10.1161/CIR-
CULATIONAHA.110.965640.

46. Mirzaev KB, Zelenskaya EM, Barbarash OL, Ganyukov VI, 
Apartsin KA, Saraeva NO, Nikolaev KY, Ryzhikova KA, Lif-
shits GI, Sychev DA. CYP2C19 polymorphism frequency in 
Russian patients in Central Russia and Siberia with acute 
coronary syndrome. Pharmgenomics Pers Med. 2017 Apr 
12;10:107–114. DOI: 10.2147/PGPM.S126305.

47. Rytkin EI, Mirzaev KB, Smirnov VV, Ryzhikova KA, Sozaeva 
ZhA, Andreev DA, Sychyov DA. Oslozhneniya chreskozh-
nogo koronarnogo vmeshatel’stva u pacientov s ostrym 
koronarnym sindromom: svyaz’ s polimorfizmami gen-
ov CYP2C19, ABCB1, CYP3A5 i aktivnost’yu izofermen-
ta CYP3A4. Pharmacogenetics and Pharmacogenomics. 
2017;2:26–26. Russian

48. Goluhova EZ, Grigoryan MV, Ryabinina MN. The platelet 
reactivity after percutaneous coronary intervention in 
patients with double antiplatelet therapy: impact of ge-
netic polymorphisms. Creative cardiology. 2013;2:15–27. 
Russian

49. Komarov AL, Shakhmatova OO, Ilyushchenko TA, Don-
nikov AE, Dobrovolsky AB, Panchenko EP. Assessing Risk 
of Cardiovascular Events in Clopidogrel-Treated Patients 
with Stable CHD: Platelet Function or Genetic Testing? 
Kardiologiya; Doktor.ru. 2012;6(74):1–9. Russian

50. Knauer NYu, Lifshits GI, Voronina EN, et al. Informative-
ness of genetic factors for optimization of personalized 
therapy with clopidogrel. Kardiologiia 2013;8:72–5. Rus-
sian

AUTHORS
Bela I. Kantemirova – Doctor of Sciences (Med-

icine), Associate Professor, Professor of the Depart-
ment of Pharmacology of Astrakhan State Medical 
University. ORCID ID: 0000-0003-3278-2556. E-mail:  
belakantemirova@rambler.ru

Ekaterina A. Orlova – Candidate of Sciences (Med-
icine), Associate Professor, the Head of the Depart-
ment of Pharmacology of Astrakhan State Medical 
University. ORCID ID: 0000-0002-9126-1171. E-mail:  
eorlova56@mail.ru eorlo-va56@mail.ru



404

ISSN 2307-9266   e-ISSN 2413-2241

Volume VIII, Issue 6, 2020

REVIEWS, LECTURES

404

Olga S. Polunina – Doctor of Sciences (Medicine), 
Professor, Head of the Department of Internal Diseas-
es of the Pediatric Faculty of Astrakhan State Medical 
University. ORCID ID: 0000-0001-8299-6582. E-mail:  
admed@yandex.ru

Elena N. Chernysheva – Doctor of Sciences (Med-
icine), Associate Professor, Head of the Department of 
Cardiology of the Faculty of Postgraduate Training of As-
trakhan State Medical University. ORCID ID: 0000-0001-
8884-1178. E-mail: lena.chernysheva@inbox.ru

Musalitdin A. Abdullaev – postgraduate student 
of the Department of Pharmacology of Astrakhan State 
Medical University. ORCID ID: 0000-000107374-2660. 
E-mail: abdullaev-musalitdin@mail.ru

Dmitry A. Sychev – Doctor of Sciences (Medicine), 
Professor, Rector of Russian Medical Academy of Con-
tinuing Professional Education; Head of the Department 
of Clinical Pharmacology and Therapy; Corresponding 
Member of the Russian Academy of Sciences. ORCID ID: 
0000-0002-5195-4301. E-mail: dimasychev@mail.ru


