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Abstract
Background: Clopidogrel combined with aspirin in antiplatelet therapy is the �rst-line clinical regimen for
cardiovascular diseases. The CYP2C19 gene in�uences the absorption and metabolism of clopidogrel and its
polymorphisms affect antiplatelet therapy drug e�cacy, which may lead to adverse events including stent
thrombosis and haemorrhage. The main objective of this study was to explore the impact of CYP2C19
polymorphisms on adverse events in cardiovascular disease patients.

Methods:We recruited 350 patients taking clopidogrel and performed CYP2C19 genotype testing. Adverse
event information was collected through telephone follow-up. According to CYP2C19 genotype results, patients
were divided into three groups: poor metabolism (PM) group, extensive metabolism (EM) group and
intermediate metabolism (IM) group. The number of adverse events was compared between the three groups
using the chi-squared test and the onset time of adverse events was analysed using the log-rank test. The
main factors affecting adverse events were analysed using binary logistic analysis.

Results: In total, 326 patients were included in the analysis: 143 patients were in the EM group, 129 patients
were in the IM group and 54 patients were in the PM group. In this cohort, 127 adverse events were noted,
which occurred in 88 patients. There was no signi�cant difference in the occurrence of adverse events between
the EM group and PM group (P=0.185). The median survival times of adverse events in the EM, IM and PM
groups were 112 days, 137.5 days and 169 days, respectively, with no signi�cant differences between the three
groups (P=0.8713).

Conclusion:We found that CYP2C19 polymorphisms were not necessarily associated with adverse events in
patients with cardiovascular diseases taking clopidogrel. Rather, the main factors in�uencing the occurrence of
adverse events were concomitant diseases such as hypertension, diabetes and hyperlipidaemia.

Background
In China, with the ageing of society and acceleration of urbanisation, unhealthy lifestyles have become
increasingly prevalent. As a result, cardiovascular disease (CVD) risk factors have increased, showing rapid
growth and individual aggregation trends particularly in younger, lower-income groups. At present, CVD is the
top cause of total deaths in China, accounting for 45.01% of deaths in rural areas and 42.61% of deaths in
urban areas. With the burden of CVD increasing, the CVD mortality rate among rural residents has increased
signi�cantly [1]. P2Y12 platelet receptor inhibitor drugs play an important role in the prevention and treatment
of cardiovascular diseases [2]. Of these, clopidogrel is the most widely used drug to prevent antiplatelet
aggregation. Its use in combination with aspirin is the standard therapy for the prevention and treatment of
ischemic events in cardiovascular patients with acute coronary syndrome (ACS), percutaneous coronary
intervention (PCI) and acute myocardial infarction in China [3]. With the expansion of clinical use and research
of these drugs, several large multi-centre clinical trials have reported individual differences in the outcomes of
antiplatelet therapy with clopidogrel [4]. Speci�cally, some patients with cardiovascular disease or PCI have
experienced adverse events such as haemorrhage and thrombus re-formation while taking the standard
therapeutic dose of clopidogrel. Studies have shown that the occurrence of these adverse events is related to
the absorption and metabolism rate of clopidogrel [5]. Patients with fast absorption and metabolism of
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clopidogrel are prone to bleeding events, and so adverse events like thrombosis re-formation are more likely to
occur in patients with slow absorption and metabolism [6].

Clopidogrel is an inactive thienopyridine prodrug that is absorbed by regulating P-glycoprotein in the
intestine[7]. It is metabolised by the hepatic cytochrome P450 (CYP) system to form the active product, and its
active metabolite selectively and irreversibly binds to the platelet P2Y12 receptor, thereby exerting anti-platelet
activity [8,9]. In the CYP metabolic system, clopidogrel is �rst metabolized by CYP1A2, CYP2B6 and CYP2C19
into 2-O-clopidogrel, and then catalysed by CYP2C19, CYP2C9, CYP3A4 and CYP2B6 to generate thiol
derivatives that have drug activity. These thiol derivatives can cause irreversible antagonism of the ADP
receptor P2Y12 platelet membrane, cannot make �brinogen glycoprotein  b/  a combine with receptors and
inhibit platelet activation and aggregation. The CYP2C19 gene is thought to play an important role in this
transformation process [10].

Like many other CYP450 superfamily members, the CYP2C19 gene is highly polymorphic and has more than
25 known variant alleles. Different CYP2C19 genotypes can lead to an inconsistent conversion of clopidogrel
[11]. CYP2C19 polymorphisms are mainly caused by two types of mutations: one type reduces enzyme activity,
such as CYP2C19*2, CYP2C19*3, CYP2C19*4, CYP2C19*5, CYP2C19*7 and CYP2C19*8; the other type
enhances enzyme activity, and CYP2C19*17 is the only know mutant allele of this type [12]. The most
common CYP2C19 loss-of-function allele is *2 (c.681G > A; rs4244285), with allele frequencies of 15% in
Caucasians and Africans and 29–35% in Asians. Other CYP2C19 variant alleles with reduced or absent
enzymatic activity have been identi�ed (e.g.,*3-*8); however, their allele frequencies are typically < 1%, with the
exception of CYP2C19*3(c.636G > A; rs4986893) which is present in Asians at 2–9% [13]. Correspondingly, in
Asian populations there are four metabolic rate types for clopidogrel: poor metabolizers (PM), intermediate
metabolizers (IM), extensive metabolizers (EM) and ultrarapid metabolizers (UM). PM individuals carry two
loss-of-function alleles (*2-*8), e.g., CYP2C19*2/*2, CYP2C19*2/*3 and CYP2C19*3/*3; IM individuals carry
one functional allele (*1) plus one loss-of-function allele (*2–*8), e.g., CYP2C19*1/*2 and CYP2C19*1/*3; EM
individuals carry two functional (*1) alleles, e.g., CYP2C19*1/*1; and UM individuals carry two increased-
activity alleles (*17) or one functional allele (*1) plus one increased-activity allele (*17), e.g., CYP2C19*1/*17,
CYP2C19*17/*17 [14,15].

In clinical practice, it has been found that the use of clopidogrel for the prevention and treatment of
cardiovascular disease can lead to adverse events, such as haemorrhage and thrombosis, leading to stroke,
acute myocardial infarction and revascularisation, ultimately resulting in treatment instability and
uncontrollability [16]. On March 2, 2010, the US Food and Drug Administration (FDA) issued a warning to guide
anti-platelet therapy using clopidogrel by assessing CYP2C19 genotype [17]. A correlation between CYP2C19
genetic polymorphisms and adverse events caused by clopidogrel has been reported in Asian Han patients
with cardiovascular disease[18]. However, whether CYP2C19 genotyping can be used as a basis for guiding
anti-platelet therapy with clopidogrel remains to be determined. To address this question, we performed a
single-centre, non-blinded, non-randomised and open-label study to assess CYP2C19 genetic polymorphisms
and adverse events caused by clopidogrel in patients with cardiovascular disease.

Methods
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Study Design
This was a single-centre, non-blinded and non-randomised open-label trial. We aimed to enrol 350 patients
diagnosed with a cardiovascular disease, such as myocardial infarction, ACS or PCI, who were receiving
conventional clopidogrel (75 mg qid) for antiplatelet therapy for more than 1 year. After patients signed the
informed consent form, blood samples (1 mL) were collected for CYP2C19 genotyping. According to their
CYP2C19 genotype, patients were divided into different metabolic groups for clopidogrel. To obtain
information about any adverse events, telephone interviews were performed on days 30, 90, 180 and 360 after
enrolment. The time of the �rst adverse event was the end of study follow-up. The occurrence of adverse
events was then compared between the different groups. Survival analysis was used to compare the time of
the �rst adverse event in different metabolites. The factors that may in�uence adverse events, including
CYP2C19 genotype, age, the type of disease being treated with clopidogrel and concomitant diseases, were
analysed by multiple factor regression analysis.

Study Population
Patients meeting the following inclusion criteria were eligible to participate in this study.
a diagnosis of cardiovascular disease, such as ACS, PCI or acute myocardial infarction;
undergoing clopidogrel antiplatelet therapy for more than one year, with a clopidogrel dose of 75 mg per day;
over the age of 18 years;
voluntarily signed the informed consent form;
able to undergo venous blood collection;
available for follow-up by telephone.
Patients with haemophilia, mental illness or those currently pregnant or breastfeeding were excluded from
participation in this study. In some cases, other features that hampered compliance with the study
requirements, according to the clinical judgment of the investigators, resulted in exclusion.
Genotyping
Patients’ CYP2C19 genotypes were determined using a CYP2C19 gene detection kit and a fully automated
medical PCR analysis system (JY-1000, JY-1000A) produced by Chongqing Jingin Biotechnology Co., Ltd. The
CYP2C19*2 and CYP2C19*3 alleles were detected by the �uorescent probe method (molecular beacon
technology). The gene detection kit contained a cell lysate that directly lysed cells to release DNA from the
nuclei and amplify the target fragments (including the CYP2C19 gene sites C.636 and C.681) using two
speci�c primers. After ampli�cation, speci�c hybridisation was carried out with the ampli�ed fragments using
two pairs of molecular beacon probes marked with different �uorescent groups and complementary to the
different bases at the CYP2C19 sites. The hybridisation process caused the �uorescent group to move away
from the quenching group, thus releasing the �uorescent signal. With the accumulation of the ampli�ed
fragments, the �uorescent signal increased correspondingly and was monitored by the PCR system. The
mutant genotypes of CYP2C19 were interpreted according to the difference in the �uorescent signals.
Adverse Events
Adverse events were collected during telephone follow-up. The association between adverse events and
clopidogrel was judged according to the criteria set in the International Conference on Harmonization (ICH),
and only relevant or possibly relevant adverse events were analysed. Patients’ �rst drug-related adverse events
were focused on, especially the onset times of the adverse events. Known adverse events associated with
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Results

Study Population
Ultimately, 347 patients were included in the analysis, including 203 males (58.5%) and 144 females (41.5%).
The age distribution was: 23 patients under 50 years old, 97 patients between 50 and 60 years old, 138
patients between 60 and 70 years old and 89 patients over 70 years old. Of the total sample, 209 patients were
taking clopidogrel for coronary syndrome and 138 patients were receiving clopidogrel antiplatelet therapy after
PCI surgery. Co-morbidities included 193 patients with hypertension, 67 with diabetes, 5 with hyperlipidaemia,
38 with gastrointestinal diseases, 5 with hepatic diseases and 13 with renal diseases. Due to the attention of
the elderly population on a diet, the proportion of hyperlipidaemia in this sample was lower than the epidemic
level. The demographic characteristics of the included patients are shown in Fig. 2.

CYP2C19 Polymorphisms
CYP2C19 genotype was successfully determined for 347 of 350 patients. Genotype could not be determined
for three patients, who were excluded from further analysis. The mutant genotype CYP2C19*17 was not
detected. The mutation rate of CYP2C19*4/*5/*8 is low in the Asian population and was not detected in the
sample. The genotype test results of 151 patients showed no alleles with decreased function (CYP2C19*1/*1).
Twenty patients had the CYP2C19*1/*2 genotype, 122 patients had the CYP2C19*1/*3 genotype, 15 patients
had the CYP2C19*2/*2 genotype, 11 patients had the CYP2C19*2/*3 genotype and 28 patients had the
CYP2C19*3/*3 genotype. The baseline characteristics of the patients grouped by the presence of CYP2C19
reduced function alleles are presented in Fig. 3.

Adverse Events
Follow-up to determine adverse events was incomplete for 21 of the 347 patients and they were withdrawn
from further analysis. A total of 127 adverse events were reported from the remaining 326 patients, of which
88 adverse events were included in the correlation analysis. Among the events, 28 patients had a �rst adverse
event of haemorrhage, 115 patients had a �rst adverse event of thrombus, 11 patients had a stroke-related
adverse event, 17 patients had a minor haemorrhage, 7 patients had stent thrombosis, 13 patients had angina
pectoris, 11 patients had myocardial infarction and 29 patients had chest tightness. The distribution of
adverse events is shown in Fig. 4.

Metabolic Groups and Adverse Events

clopidogrel use in patients with cardiovascular disease include haemorrhage, thrombosis and death.[19]
Haemorrhage adverse events include stroke, gastrointestinal haemorrhage (abdominal pain, melena, etc.) and
minor haemorrhage (gingival haemorrhage, eye haemorrhage, epistaxis, skin haemorrhage, etc.). Thrombotic
adverse events include stent thrombosis, angina pectoris, myocardial infarction and chest tightness[20].
Statistical analysis
Data are expressed as number (percentage) or mean ± standard deviation (SD). Adverse events in the three
clopidogrel metabolism groups, i.e. the EM, PM and IM groups, were compared using the chi-squared test. The
onset times of the adverse events in the three groups were analysed using the log-rank test. The main factors
affecting adverse events were analysed using binary logistic analysis. Statistical analyses were performed
using SPSS version 20 (SPSS, IL, USA). The level of statistical signi�cance was set at p < 0.05.
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The 326 patients were divided into three metabolic groups according to their CYP2C19 genotype: EM
(CYP2C19*1/*1), IM (CYP2C19*1/*2, CYP2C19*1/*3) and PM (CYP2C19*2/*2, CYP2C19*2/*3,
CYP2C19*3/*3). There were 33 adverse events in the EM group, including 15 haemorrhage events and 18
thrombosis events; 42 adverse events in the IM group, including 11 haemorrhage events and 31 thrombosis
events; and 13 adverse events in the PM group, including 3 haemorrhage events and 10 thrombosis events.
These events are shown in Table 1 and Fig. 5. There was no signi�cant difference in the occurrence of adverse
events between the three groups (chi-squared test, p = 0.185), and no signi�cant differences between pairs of
groups (p = 0.085/0.883/0.254). There was also no difference in the occurrence of bleeding or thrombotic
adverse events among the three groups (p = 0.545/0.167).

Table 1
Metabolic groups and adverse events

Metabolic type Genotype Total AE Bleeding AE Thrombotic AE

EM CYP2C191*/1* 33 15 18

IM CYP2C191*/2*

CYP2C191*/3*

42 11 31

PM CYP2C192*/2*

CYP2C192*/3*

CYP2C193*/3*

13 3 10

To further investigate the relationship between the onset time of adverse events and CYP2C19 genotype, a log-
rank survival analysis was conducted with the occurrence of adverse events as the end point of survival time.
Survival after adverse events is shown in Fig. 6. The median survival times of adverse events in the EM, IM and
PM groups were 112 days, 137.5 days and 169 days, respectively. The p-value was 0.8713 using the survival
chi-squared test, indicating no signi�cant difference among the three groups. The median survival times of the
three groups regarding thrombotic adverse events were 207.5 days, 186 days and 177 days, respectively. The
p-value was 0.7454, indicating no signi�cant difference between the three groups. The survival times of the EM
and IM groups were 53 days and 47 days, respectively. The p-value was 0.4545, indicating no difference
between the two groups.

Factor Analysis of Adverse Events
Factors that may affect the occurrence of adverse events, including age, cardiovascular disease type,
concomitant disease and metabolic group, were analysed by binary logistic multivariate analysis. The
prediction accuracy of the binary logistic regression �tting equation was 82.5%. The p-value of the Hosmer-
Lemeshow test was 0.72. As the logistic regression equation might better �t the in�uencing factors, regression
analysis was carried out. The results showed that hypertension, hyperlipidaemia, diabetes and gastrointestinal
diseases had a signi�cant impact on the occurrence of adverse events (Table 2).
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Table 2
Variables predicting adverse events

Factor B S.E. Wals df Sig. Exp (B) EXP(B) 95% C.I.

Lower Upper

Disease types
(1)

− .417 .334 1.561 1 .211 .659 .342 1.268

Age     1.383 3 .710      

Age (1) − .025 .670 .001 1 .970 .975 .262 3.628

Age (2) .315 .410 .590 1 .442 1.370 .614 3.058

Age (3) .393 .373 1.111 1 .292 1.481 .714 3.074

Hepatic Disease     2.690 2 .261      

Hepatic Disease
(1)

18.785 40193.290 .000 1 1.000 143979259.519 .000 .

Hepatic Disease
(2)

21.101 40193.290 .000 1 1.000 1459517080.501 .000 .

Metabolic Type     3.151 2 .207      

Metabolic Type
(1)

− .008 .454 .000 1 .987 .992 .408 2.415

Metabolic Type
(2)

− .559 .458 1.494 1 .222 .572 .233 1.402

Renal Disease
(1)

-2.749 .895 9.423 1 .002 .064 .011 .370

Gastrointestinal
Disease (1)

-1.591 .454 12.282 1 .000 .204 .084 .496

Hyperlipidaemia
(1)

1.542 .901 2.932 1 .087 4.676 .800 27.333

Diabetes (1) -2.029 .374 29.503 1 .000 .131 .063 .273

Hypertension
(1)

-1.350 .346 15.183 1 .000 .259 .131 .511

Constant -18.217 40193.290 .000 1 1.000 .000    

Discussion

CYP2C19 Genetic Polymorphisms
The gene coding for the CYP2C19 enzyme is located on chromosome 10 (10q24.1-q24.3) in the CYP2C gene
cluster. The gene consists of nine exons and �ve introns, and the full-length of cDNA is 1.94 kb, of which the
coding region is 1.473 kb [21]. Twenty-�ve alleles, including CYP2C19*1 to CYP2C19*25, have been identi�ed,
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of which 23 encode proteins [22]. The gene encoding normal enzyme activity is CYP2C19*1. According to
changes in enzyme metabolic activity caused by changes in CYP2C19, the population can be divided into two
categories according to ability to metabolise S-mephenytoin: extensive metabolisers and poor metabolisers
[23]. CYP2C19 gene polymorphisms show individual and ethnic differences. In the Chinese Han population, the
CYP2C19 gene mutations are mainly CYP2C19*2 and CYP2C19*3. In the Asian population, the CYP2C19
mutations that occur in almost all poor clopidogrel metabolisers are CYP2C19*2 and CYP2C19*3 [24]. The
CYP2C19*17 mutation was not found in the patients in the present study. In our patient sample, the mutation
rate of CYP2C19*2 was 13.25%, the mutation rate of CYP2C19*3 was 46.39% and the overall mutation rate
was 58.48%, which is consistent with previous reports for the Han population [25]. Thus, this study con�rmed
the phenomenon of a high mutation rate of the CYP2C19 gene in the Han population.

Factors In�uencing Adverse Events
The causes of adverse events in patients with cardiovascular diseases taking clopidogrel are complex. Many
studies have shown that clopidogrel resistance due to CYP2C19 gene mutations are the dominant factor[26].
However, as research proceeds, it is becoming clear that the absorption and metabolism of clopidogrel are
regulated by multiple genes. The absorption of clopidogrel occurs mainly in the small intestine and is
regulated by the ABCB1 gene encoding P-glycoprotein.[27] Only 15% of clopidogrel enters the liver and is
metabolised into active products through the CYP system; the other 85% is metabolised into inactive
substances by esterase (mainly regulated by the CES1 gene) and discharged from the body[28]. Not only can
esterase rapidly hydrolyse the absorbed clopidogrel into inactive carboxylic acid metabolites, it can also
hydrolyse 2-O-clopidogrel and active metabolites to carboxylic acids [29; thus, when patients with
cardiovascular diseases also have intestinal diseases, changes in gastrointestinal homeostasis will affect the
stability of the related metabolic enzymes. Clopidogrel is metabolised mainly by CYP1A2, CYP2B6 and
CYP2C19 into 2-O-clopidogrel, which is then catalysed by CYP2C19, CYP2C9, CYP3A4 and CYP2B6 to generate
thiol derivatives with drug activity [30]. Thiol derivatives irreversibly antagonise the ADP receptor P2Y12 on the
platelet membrane, making �brinogen unable to bind with its receptor glycoprotein IIb/IIIa, which ultimately
inhibits platelet activation and aggregation. Patients suffering from liver disease are likely to have altered
metabolism of related substances due to weakened liver metabolic capacity[31].

In the present study, based on their CYP2C19 genotype, patients were divided into PM, EM and IM groups. The
occurrence of adverse events did not differ signi�cantly between these groups. Furthermore, taking the onset
time of adverse events as the end point, log-rank survival analysis showed no signi�cant differences between
the three groups. Binary logistic analysis of factors thought to affect the occurrence of adverse events revealed
that the combination of diseases, including hypertension, gastrointestinal diseases and liver diseases, had
signi�cant effects on adverse events. Gastrointestinal diseases are known to affect the absorption of drugs,
whereas liver diseases affect the metabolism of drugs. Hypertension, hyperlipidaemia and other diseases
interfere with the antiplatelet effect of clopidogrel. Therefore, this study does not �nd any evidence of a
connection between CYP2C19 gene polymorphisms and adverse events caused by clopidogrel resistance.

Limitations
This study is subject to several limitations. First, our 326 patients were divided into PM, EM and IM groups
based on their genotype. This sample size is too small to be used as a representative point in a regional
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population study. Secondly, we lack blood and platelet count data for the patients taking clopidogrel, which
would re�ect the collective absorption and metabolism of clopidogrel and the real anti-platelet aggregation
effect. Third, this study did not consider the effect of combined medications on the occurrence of adverse
events. Furthermore, this was an investigational study and we did not alter the dose of clopidogrel according to
patients’ CYP2C19 genotype. Whether altering clopidogrel dose based on genotype can reduce adverse events
warrants a follow-up study.

Conclusion
Due to differences in the absorption and metabolic processing of clopidogrel between individuals and
populations, bleeding and thrombotic adverse events may occur when clopidogrel is taken at the conventional
dose. Adverse events occurring with clopidogrel use are thought to relate to genes that regulate the absorption
and metabolism of clopidogrel: CYP2C19 is considered the key regulatory gene for clopidogrel conversion into
active antiplatelet compounds. Through this single-centre, non-blinded and non-randomised investigation, we
�nd no evidence that CYP2C19 polymorphisms are related to adverse events caused by clopidogrel resistance.
Rather, in our sample, the occurrence of adverse events was affected by concomitant diseases such as
hypertension, hyperlipidaemia, gastrointestinal diseases and liver diseases.

Declarations
Ethics approval and consent to participate

This study was conducted at the Shiyan Taihe Hospital (Hubei, China). Approval was granted by Taihe
Hospital Medical Ethics Committee prior to initiation of the study, the approval document No.2017(62),and all
patients provided written informed consent. This study was conducted in accordance with Chinese Medical
Device Clinical Trial Quality Management Standards, and the investigators complied with all applicable
regulatory and legal requirements of the Chinese GCP guidelines.

Consent for publication

Not applicable

Availability of data and materials

All data generated and analyzed are included in this research article.

Competing interests

We declare that there are no con�icting interests as regards the contents and data presented in the manuscript
under reference.

Funding

Funding for this study was obtained from the subject development funding of the National Drug Clinical Trial
Institution of Shiyan Taihe Hospital. The funding is mainly for the hospital's support for the development of
clinical trial disciplines for free exploration of clinical trial project research.



Page 10/17

Authors' contributions

JFC collected subject information and test samples.JLM and LT mainly carry out subject follow-up work and
collect adverse events.QH andHPL detected and analyzed the polymorphism of CYP2C19 genotype.CZ signed
informed consent and judge the correlation of adverse events.ZGL was the study designer and research data
collector and was a major contributor in writing the manuscript. All authors read and approved the �nal
manuscript.

Acknowledgements

Thanks to Chongqing Jingyin Biological Technology co., Ltd. for providing the CYP2C19 gene detection kit and
analysis instrument.Authors are highly thankful to subject's cooperation

Abbreviations
CVD :Cardiovascular disease; ACS:Acute coronary syndrome; PCI:Percutaneous coronary intervention;PM:Poor
metabolizers;IM:Intermediate metabolizers:EM: Extensive metabolizers;UM: ultrarapid metabolizers;FDA: Food
and Drug Administration ;ICH:International Conference on Harmonization .
 

References
1. Committee of Exports on Rational Drug Use National Health and Family Planning Commission of the P.R.

China, Chinese Pharmacists Association. Guidelines for Rational Use of Coronary Heart Disease. Chinese
Journal of the Frontiers of Medical. (2018) 10 1-130

2. Mrudula S Borse, Olivia M Dong, Melissa J Polasek et al. CYP2C19-guided antiplatelet therapy: a cost-
effectiveness analysis of 30-day and 1-year outcomes following percutaneous coronary intervention.
Pharmacogenomics (2017) 12 1156-1167

3. Wang Y, Zhao X, Lin J, et al. Association Between CYP2C19 Loss-of-Function Allele Status and E�cacy of
Clopidogrel for Risk Reduction Among Patients With Minor Stroke or Transient Ischemic Attack.[J]. Jama,
2016, 316(1):70-78.

4. Mirjana Novkovic, Dragan Matic, Jelena Kusic-Tisma, et al. Analysis of the CYP2C19 genotype associated
with bleeding in Serbian STEMI patients who have undergone primary PCI and treatment with clopidogrel.
European Journal of Clinical Pharmacology doi.org/10.1007/s00228-017-2401-5

5. Huimin Xu, Yanting Ping, Haoran Lin, et al. Antiplatelet strategies and outcomes in patients with
noncardioembolic ischemic stroke from a real-world study with a �ve-year follow-up. Translational Stroke
Research DOI 10.1007/s12975-016-0516-0

�. Scordo M G , Pengo V , Spina E , et al. In�uence of CYP2C9 and CYP2C19 genetic polymorphisms on
warfarin maintenance dose and metabolic clearance[J]. Clinical Pharmacology & Therapeutics, 2002,
72(6):702.

7. Miao J , Liu R , Li Z . Cytochrome P-450 Polymorphisms and Response to Clopidogrel[J]. New England
Journal of Medicine, 2009, 360(21):354.



Page 11/17

�. Clarke T A , Waskell L A . The metabolism of clopidogrel is catalyzed by human cytochrome P450 3A and
is inhibited by atorvastatin.[J]. Drug Metabolism & Disposition, 2003, 31(1):53-59.

9. Collet J P , Silvain J , Landivier A , et al. Dose effect of clopidogrel reloading in patients already on 75-mg
maintenance dose: the Reload with Clopidogrel Before Coronary Angioplasty in Subjects Treated Long
Term with Dual Antiplatelet Therapy (RELOAD) study.[J]. Circulation, 2008, 118(12):1225.

10. Brandt J T , Close S L , Iturria S J , et al. Common polymorphisms of CYP2C19 and CYP2C9 affect the
pharmacokinetic and pharmacodynamic response to clopidogrel but not prasugrel.[J]. Journal of
Thrombosis & Haemostasis, 2010, 5(12):2429-2436.

11. Chen B L , Zhang W , Li Q , et al. Inhibition of ADP-induced platelet aggregation by clopidogrel is related to
CYP2C19 genetic polymorphisms[J]. Clinical & Experimental Pharmacology & Physiology, 2010,
35(8):904-908.

12. Scott, S, A,. Clinical Pharmacogenetics Implementation Consortium Guidelines for Cytochrome P450-2C19
(CYP2C19) Genotype and Clopidogrel Therapy[J]. Clinical Pharmacology & Therapeutics St Louis, 2011.

13. Liu T , Yin T , Li Y , et al. CYP2C19 polymorphisms and coronary heart disease risk factors synergistically
impact clopidogrel response variety after percutaneous coronary intervention[J]. Coronary Artery Disease,
2014, 25(5):412-420

14. Lin Y , Wang A , Li J , et al. Impact of Glycemic Control on E�cacy of Clopidogrel in Transient Ischemic
Attack or Minor Stroke Patients With CYP2C19 Genetic Variants[J]. Stroke, 2017, 48(4):998-1004.

15. Liu Y , Liu N , Li W , et al. Relationship of CYP2C19*2 and CYP2C19*3 gene polymorphism with clopidogrel
response variability and recurrent cardiovascular events in Chinese patients undergoing percutaneous
coronary intervention.[J]. Pharmacology, 2013, 91(3-4):165-172.

1�. Hui-Juan W , Jin-Hu W U , Yong-Gang C , et al. Distribution of CYP2C19 gene polymorphism and the effect
of different therapies on cardiovascular adverse events[J]. Chinese Journal of Hospital Pharmacy, 2019.

17. Sychev D , Shuev G N , Suleymanov S S , et al. Comparison of CYP2C9, CYP2C19, CYP2D6, ABCB1, and
SLCO1B1 gene-polymorphism frequency in Russian and Nanai populations[J]. Pharmacogenomics &
Personalized Medicine, 2017, 10:93.

1�. Zheng W U , Wenzheng L I , Changhua W , et al. Association of CYP2C19 gene polymorphism with platelet
function,in�ammatory markers and prognosis in patients treated with clopidogrel after PCI[J]. Chinese
Journal of Di�cult and Complicated Cases, 2019.

19. Farhat N , Birkett N , Haddad N , et al. Risk of Adverse Cardiovascular Events Following a Myocardial
Infarction in Patients Receiving Combined Clopidogrel and Proton Pump Inhibitor Treatment: A Nested
Case–Control Study[J]. 2020(9694).

20. ,Kornacewicz-Jach Z , Safranow K , et al. Variability of platelet response to clopidogrel is not related to
adverse cardiovascular events in patients with stable coronary artery disease undergoing percutaneous
coronary intervention[J]. European Journal of Clinical Pharmacology, 2017

21. .Jian-Ping Z , Zhi-Qiang L I , Xian-Jun H E , et al. Association of CYP2C19 gene polymorphism with the
relapse risk of ischemic stroke treated by clopidogrel[J]. Journal of Chinese Practical Diagnosis and
Therapy, 2018.

22. Peng X U , Guoyan H U , Pingying Q , et al. Analysis of CYP2C19 gene polymorphism and metabolic
phenotype in 1043 bipolar disorder patients of Han nationality[J]. Laboratory Medicine and Clinic, 2018.



Page 12/17

23. Cuisset T , Frere C , Quilici J , et al. Role of the T744C polymorphism of the P2Y12 gene on platelet
response to a 600-mg loading dose of clopidogrel in 597 patients with non-ST-segment elevation acute
coronary syndrome[J]. Thrombosis Research, 2007, 120(6):0-899.

24. Jacob A Doll, Megan L Neely, Matthew T Roe, et al. Impact of CYP2C19 metabolizer status on patients
with ACS treated with prasugrel versus clopidogrel. Journal of the American College of Cardiology (2016)
67 936-947

25. Liu T , Yin T , Li Y , et al. CYP2C19 polymorphisms and coronary heart disease risk factors synergistically
impact clopidogrel response variety after percutaneous coronary intervention[J]. Coronary Artery Disease,
2014, 25(5):412-420.

2�. Hou X , Han W , Gan Q , et al. CYP2C19 and ABCB1 genetic polymorphisms correlate with the recurrence of
ischemic cardiovascular adverse events after clopidogrel treatment[J]. Journal of Clinical Laboratory
Analysis, 2018:e22369..

27. Sychev D , Shuev G N , Suleymanov S S , et al. Comparison of CYP2C9, CYP2C19, CYP2D6, ABCB1, and
SLCO1B1 gene-polymorphism frequency in Russian and Nanai populations[J]. Pharmacogenomics &
Personalized Medicine, 2017, 10:93.

2�. Caudle K E , Dunnenberger H M , Freimuth R R , et al. Standardizing terms for clinical pharmacogenetic
test results: consensus terms from the Clinical Pharmacogenetics Implementation Consortium (CPIC)[J].
Genetics in Medicine, 2017..

29. Toshikazu Jinnai, Hisanori Horiuchi, Takeru Makiyama, et al. Impact of CYP2C19 polymorphisms on the
antiplatelet effect of clopidogrel in an actual clinical setting in Japan. Molecular Cardiology (2009) 73
1498-1503

30. Farid N A , Payne C D , Small D S , et al. Cytochrome P450 3A Inhibition by Ketoconazole Affects Prasugrel
and Clopidogrel Pharmacokinetics and Pharmacodynamics Differently[J]. Clinical Pharmacology &
Therapeutics, 2007, 81(5):735-741.

31. Jia D M , Chen Z B , Zhang M J , et al. CYP2C19 polymorphisms and antiplatelet effects of clopidogrel in
acute ischemic stroke in China.[J]. Stroke; a journal of cerebral circulation, 2013, 44(6):1717-9.

Figures



Page 13/17

Figure 1

Study population �ow chart



Page 14/17

Figure 2

Study population
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Figure 3

Genotype distribution

Figure 4

Adverse event distribution
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Figure 5

Metabolic groups and adverse events
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Figure 6

Survival analysis following adverse events


