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Abstract
Clopidogrel is a prodrug that must be transformed into an active metabolite by hepatic cytochrome P450
(CYP) isoenzymes in order to be active in preventing platelet clotting. Polymorphisms of the CYP2C19 gene can
cause a reduction or complete loss of CYP2C19 enzyme activity resulting in inhibiting clopidogrel metabolism,
effectiveness and increment of stroke recurrence risk in ischemic stroke patients. This study aims to investigate
the correlation between genetic polymorphisms in CYP2C19*2 and*3 and recurrent risk in patients with ischemic
stroke taking clopidogrel 75mg in Kurdistan region—Irag. This retrospective case-control study was carried out at
Kurdistan, Erbil, Medicina medical center, and Rizgary general hospital from January 2021 to August 2021. The
blood sample was taken from the participants and tested for genotyping. The collection of retrospective data was
done by reviewing patients' medical files in the Rizgary hospital and patients’ electronic records in the neurology
clinic of Medicina medical center. Sixty patients participated, (34) were male and (26) were female, with age
range (38-96) years, diagnosed with ischemic stroke in not more than two years and on 75 mg clopidogrel
maintenance dose. Genotyping analysis showed that 61.7 % were homozygotes for wild allele *1, 26.7% (*1/*2)
and 6.7 % (*1/*3) heterozygotes genotype. The homozygotes for mutant alleles CYP2C19*2,*3 were 3.3 %
(*2/*2) and 1.7 % (*3/*3) respectively. The (*2/*3) was not detected in the study population. Results revealed a
significant correlation between the risk of stroke recurrence with the existence of variant allele CYP2C19 *2, and
angiotensin converting enzyme inhibitors/angiotensin receptor blockers (ACEIs/ARBS) usage (P = 0.024, P =
0.039, P = 0.24 respectively). On the other hand, there was no significant relationship between the risk of stroke
recurrence and carrying the variant allele CYP2C19 *3 (P = 1.000). In conclusion, survivors of ischemic stroke
treated with clopidogrel who carry CYP2C19*2 allele had a higher risk of recurrent stroke as it is associated with
reduced metabolic activity of CYP2C19 enzyme leading to reduction of clopidogrel metabolism and
bioavailability.
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Introduction

Stroke is a leading cause of long-
term disability and death globally ®. Ischemic
stroke is defined as a brain, spinal cord, or even
retinal infarction @ produced by a blood vessel
obstruction due to thrombosis or embolism,
resulting in impaired blood supply to the part of the
brain fed by this vessel and loss of neurological
function © Nearly half of ischemic stroke or
transient ischemic attack (TI1A) patients are at high
risk of recurrent stroke within a few months of the
initial episode ™. In the United States, one in every
six people will have a stroke throughout their
lifetime. More than 13.7 million people suffer a
stroke each year, and 5.8 million people die as a
result. Over 80 million people have lived through a
stroke . Ischemic stroke accounts for roughly 70%
of all strokes, with hemorrhagic stroke accounting
for the remaining 30%. ©. Cardio-embolism and
large artery atherosclerosis are the most common
known causes of ischemic stroke ©). Clopidogrel, a
P2Y12 receptor inhibitor, exhibits higher efficacy,
with no added risk of adverse effects, to aspirin in
reducing the risk of ischemic stroke, myocardial
infarction (MI) and vascular mortality when
clopidogrel is added to aspirin *®), When compared
to antiplatelet monotherapy, dual antiplatelet
therapy (DUAT), a combination of aspirin plus
clopidogrel is more effective in reducing the risk of
ischemic vascular events ©. Clopidogrel is an inert
prodrug that must be activated in the liver through a
complicated biochemical process. About half of the
dose of clopidogrel is absorbed from the intestine
after oral intake @9, The carboxylesterase enzyme
hydrolyzes over 85% of the absorbed dose of
clopidogrel, turning it into an inactive metabolite.
The remaining 15% of the dose is transformed into
the active metabolite 2-oxoclopidogrel active
metabolite in a two-step bio-activation process by
several cytochromes P450 enzymes (119 As a
result, only 2% of the clopidogrel dose is converted
into an active metabolite and enters the systemic
circulation 9, CYP2C19 is responsible for 44.9
percent of clopidogrel conversion to 2-
oxoclopidogrel and roughly 20% of active thiol
metabolite synthesis from 2-oxoclopidogrel. As a
result, CYP2C19 is required for both clopidogrel
activation steps 9.

Pharmacogenetics is the field that studies
how genetic variation affects individuals' response
to drugs. This inter-individual variation can range
from inadequate therapeutic efficacy to serious,
potentially life-threatening adverse drug reactions
(18), The CYP2C19 gene is located within a cluster
of cytochrome P450 genes on chromosome 10q24
containing 8 introns and 9 exons®®). The CYP2C19
gene was expressed in the liver to synthesize a
catalytically active enzyme CYP2C19 that is a
primary enzyme involved in the conversion of the
antiplatelet clopidogrel to the active 2-oxo

252

CYP2C19 polymorphisms in ischemic stroke patients

metabolite @), Currently, there is around 25
different type of CYP2C19 mutations, with
CYP2C19*2 and CYP2C19*3 being the most
prevalent mutant alleles (11). The frequency of these
mutations varies depending on trace or ancestral
origin, with Asians having a higher frequency than
Caucasians and African Americans @. The two
CYP2C19 mutant alleles CYP2C19*2 and *3 are the
key loss of function (LOF) alleles that can cause a
reduction or complete loss of CYP2C19 enzyme
activity resulting in inhibiting clopidogrel
metabolism @3, Individuals can be classified into
three phenotypes based on the number of LOF
alleles they carry: non-carriers or Extensive
Metabolizers (EMs; *1/*1), patients with one LOF
allele or Intermediate Metabolizers (IMs; *1/*2 and
*1/*3), and patients with two LOF alleles or Poor
Metabolizers (PMs; *2/*2, *2/*3, and *3/*3) (18).
Reduced development of the active clopidogrel
metabolite and reduced clopidogrel effectiveness
was observed in people who have one or two
nonfunctional CYP2C19 alleles. The presence of a
nonfunctional CYP2C19 allele has been linked to an
increased risk of cardiovascular events in numerous
studies .

This study aims to assess the correlation
between genetic polymorphisms in CYP2C19*2
and*3 and recurrent risk in patients with ischemic
stroke on daily 75 mg clopidogrel tablets in
Kurdistan region—Iraq.

Methods
Patients and study design

From January 2021 to August 2021, an
observational mixed retrospective and prospective
case-control study was conducted in Erbil,
Kurdistan, in two medical centers: the first is the
neurology clinic in Medicina medical center, and the
second is the neurology ward in Rizgary hospital,
one of Erbil's largest hospitals, in collaboration with
aneurologist who served as project supervisor. Sixty
patients of convenient sample were chosen after
meeting the particular inclusion and exclusion
criteria. This study's sample size was comparable to
that of Alhazzani in 2017, a study conducted in a
neighboring country, Saudi Arabia which included
fifty patients divided equally into two groups:
clopidogrel responders and clopidogrel non-
responders %), These patients were diagnosed with
ischemic stroke for at least two years, taking a 75 mg
clopidogrel daily maintenance dose. Patients' blood
samples were gathered and examined for genotyping
by polymerase chain reaction (PCR) searching for
the presence of CYP2C19*2 and *3 polymorphisms
; Patients were divided into two groups based on the
presence of stroke recurrence: 30 patients with
recurrent stroke (case group) and 30 patients without
recurrent stroke (control group). The distribution
inside each group is dependent on the existence of
polymorphisms (CYP2C19*2 and *3 loss of
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function) according to PCR test and arranged into
those with mutant genes and those without the
mutant gene. The collection of data was done by
reviewing the medical files in the hospital and from
patients' electronic medical records in the neurology
clinic. The demographic factors of patients were
chosen according to the risk factors stated in the
American heart association/American  stroke
association (AHA/ASA) guidelines for the
prevention of stroke in patients with ischemic stroke
or transient ischemic attacks such as age, gender,
race, and family history, weight, diabetes mellitus,
hypertension,  hyperlipidemia  (high  LDL-
cholesterol levels), ischemic heart disease (IHD) and
current smoking.The use of cardio-protective
medications (statins, angiotensin-converting
enzyme inhibitors/angiotensin receptor antagonist
[ACEI/ARBY], beta-blocker, calcium antagonist, and
aspirin) might play an important role in secondary
stroke prevention (9, therefore they also were
registered with the risk factors in a patient
information sheet to be correlated with recurrence of
the stroke. As well, the Clopidogrel drug brand is
selected as one of the patient demographic factors
that can affect the risk of ischemic stroke recurrence
based on that modifying the drug salt formulation
could change its physicochemical properties,
thereby affecting clinical efficacy and safety @9, In
addition, the quality of the clopidogrel drug brand is
may be different from that of generic one as it can
be affected by the level of impurities present in
many copies of the original drug @Y.
Inclusion criteria

Patients who are diagnosed with ischemic
stroke and taking 75 mg clopidogrel as a daily
maintenance dose were included in the study.
Exclusion criteria
1. Patients who are taking drugs interacting with
clopidogrel for example tricyclic antidepressants
(TCA), antipsychotics, warfarin, and glycoprotein
I1a/111b antagonists.
2. Patients with a history of alcohol or drug abuse.
3. Patients with clotting or other blood disorders.
4. Patients with liver and kidney diseases.
Instruments and Procedure
Molecular analysis

Two milliliters of wvenous blood were
collected from each participant in a 3 ml ethylene
diamine tetra acetic acid evacuated tube (EDTA).
Samples were stored at -20° before sending for
genomic isolation. Genomic DNA isolation from
white blood cells was done by using the solid-phase
DNA extraction method with a kit provided by
Promega (ReliaPrep ™ Blood gDNA Miniprep
System). The quality of extracted DNA was checked
using ethidium bromide stained 0.5% agarose gel
electrophoresis and visualized by UV light.
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Polymerase chain reaction and DNA sequencing

The CYP2C19*2 and *3 polymorphisms
were detected by the Tetra ARMS (Amplification
Refractory Mutation System) polymerase chain
reaction method which uses the thermal cycler
(Biometra TAdvanced 384 G, 230 V) and four
primers (forward and reverse outer primers, forward
and reverse inner primers) for amplification. This
method is of acceptable specificity because the inner
primers designed to be allele-specific. The amplified
products of each reaction were separated on 1.5%
agarose gel. Automated Sanger sequencing was
performed to confirm the different allelic variants of
CYP2C19*2 and CYP2C19*3. Sequencing of the
purified products was conducted with the
sequencing kit according to the instructions of the
manufacturer (3700 The BigDye® Terminator v3.1
Cycle Sequencing kit, Applied Biosystems, USA).
The sequencing was performed on ABI PRISM
3700 genetic analyzer from Applied Biosystems.
The sequencing results were analyzed by FINCH
program sequencing analysis software.

Statistical analysis

Continuous data were expressed as a mean
(SD) based on a normal distribution, whereas
categorical data were described as numbers and
percentages. For comparing nominal categorical
variables that are patient-related factors, Chi-
squared test and Fisher Exact test (fisher test was
utilized for 2*2 cells) were used. Fisher Exact test
was used to calculate phenotype and genotype
statistics. P-values are of or less than 0.05 were
considered statistically significant. ~ Statistical
Package for the Social Sciences version (SPSS) 23.0
was used to do all calculations.
Results
Characteristics of the patients

Sixty patients of 34 males and 26 females,
with ages ranging from 38 to 96 years were involved
in the study. The proportions of diabetes, smokers
and hyperlipidemia were higher in the recurrent
stroke group whereas the proportions of
hypertension, ischemic heart diseases (IHDs),
family history and clopidogrel drug brand are nearly
equal in both groups. However ACE/ARBSs, beta-
blockers and statins usage percentages are higher in
the non-recurrent group. Only the CYP2C19*2 was
associated with the incidence of stroke recurrence
(p=0.024), but not the CYP2C19*3 loss of function
(p=1.000). The gel photographs of CYP2C19
polymorphisms are depicted in figure 1. Among the
rest of variables, there was also a significant
correlation between the usage of ACEs/ARBs and
stroke recurrence (p=0.024).
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TableError! No text of specified style in document.1. Demographic and clinical characteristics of the study
sample

Variable Total(n=60),% Recurrent Non-recurrent P-value
group(n=30),% group(n=30),%

Gender 0.602
Male 34(56.7) 16 (53.3) 18 (60.0)
Female 26(43.3) 14 (46.7) 12 (40.0)
Age, yrs. 0.100
<50 7(11.7) 2 (6.7) 5 (16.7)

50-59 14(23.3) 7(23.3) 7(23.3)

60-69 23(38.3) 9 (30.0) 14 (46.7)
>70 16(26.7) 12 (40.0) 4 (13.3)
Weight, kg (Mean £ SD) 77 £11.305 81+11.883 0.176
Hypertension 49(81.7) 24 (80.0) 25 (83.0) 0.739
Diabetes 23 (38.3) 13 (43.3) 10 (33.3) 0.426
IHD 7117 3(10.0) 4 (13.3) 1.000
Hyperlipidemia 39 (56.0) 18 (60.0) 21 (70.0) 0.417
Smoking 11 (18.3) 8 (26.7) 3(10.0) 0.095
Current therapy
ACEIs/ARBs 42 (70.0) 17 (56.7) 25 (83.3) 0.024
Beta-blockers 9 (15.0) 3(10.0) 6 (20.0) 0.472
CCBs 33 (55.0) 17 (56.7) 16 (53.3) 0.795
Statins 43 (71.7) 19 (63.3) 24 (80.0) 0.152
Anti-DMs 22 (36.7) 12 (40.0) 10 (33.3) 0.592
Aspirin 8 (13.3) 5 (16.7) 3 (10.0) 0.706
Stroke family history 11 (18.3) 6 (20.0) 5 (16.7) 0.739
Clopidogrel drug brand 5(8.3) 3(10.0) 2 (6.7) 1.000
CYP2C19*2 LOF 18 (30.0) 13 (43.3) 5 (16.7) 0.024
CYP2C19*3 LOF 5(8.3) 2(6.7) 3(10.0) 1.000

IHD = ischemic heart disease, ACEIs/ARBs =angiotensin-converting-enzymes-inhibitors, CCBs =calcium-
channel-blockers, Anti-DMs = anti-diabetics, LOF = loss of function. *Significant difference using Fisher Exact
test < 0.05 level

\...‘5
@‘. > @‘

Vv
&\ *a» &Q

321 bp control
229 bp *2
127 bp wt

— 309 bp control
— Z2Z8 Dp wt

—_— 110 bp *3

A B
Figurel. Polymerase chain reaction and tetra ARMS pattern of (A):CYP2C19*2 (681 G>A) Polymorphism and
(B):CYP2C19*3 (636 G>A) Polymorphism. ARMS=Amplification- Refractory -Mutation-System. PCR =
Polymerase Chain Reaction. Wt. - Wild type, bp- base pair.

Genotype distribution

In the study population (n = 60), the
frequency of CYP2C19 genotypes is summarized in
table 2. More than half of the participants (61.7%)
are homozygotes for the wild type allele (*1/*1);
26.7 % are heterozygotes for the CYP2C19*2 allele

(1*/2*%); 6.7 % are heterozygotes for the

CYP2C19*3 allele (*1/*3); 3.3 % homozygotes for

the ( *2/ *2) ; 1.7 % are homozygotes for
CYP2C19*3 (*3/*3) as shown in figure 2. In the
sample population, the (*2/*3) genotype was not
observed. Based on these frequencies of genotypes,
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CYP2C19*1,*2,*3 allele frequencies were 75.83%,
16.7%, and 5%, respectively.

Table 2. Genotype distribution of CYP2C19.

CYP2C19 polymorphisms in ischemic stroke patients

CYP2C19 Genotype Frequency %
CYP2C19*1 (*1/*1) 37 61.7
CYP2C19*2 (*1/*2) 16 26.7
(*2/*2) 2 3.3
CYP2C19*3 (*1/*3) 4 6.7
(*3/*3) 1 1.7
Total 60 100

Figure2. Genotype distribution

CYP2C19 polymorphism and risk of stroke

recurrence

Poor metabolizers (PMs) were found in
two cases in the recurrent ischemic stroke group and

one case in the non-recurrence group. Thirteen
intermediate  metabolizers  (IMs)  patients
experienced a recurrent stroke, while seven patients
had no recurrent stroke. The phenotypic distribution
in both groups was not significant (p=0.176). The
detailed data is portrayed in table 3.The distribution
of CYP2C19*2 and CYP2C19*3 genotype in the
two groups is shown in table 4, with the recurrent
group accounting for the majority of the
heterozygote instances @? for the CYP2C19*2
allele. The statistical significance of this distribution
was determined to be 0.039. There was one case
with the (*3/*3) genotype and one case among four
cases with the (1*/3*) genotype in the recurrent IS
group. This distribution of CYP2C19*3 genotype
and phenotype was not statistically significant
(P=0.617).

Table 3. Genotype and phenotype association with recurrent ischemic stroke.

Phenotype Genotype Recurrent Non-recurrent group P-value
group(n=30),% (n=30),%

Ems GG 15(50) 22(73.3) 0.176

IMs GA 13(43.3) 7(23.3)

PMs AA 2(6.7) 1(3.3)

EMs = extensive metabolizers, IMs = intermediate metabolizers, PMs = poor metabolizers.
*Significant difference using Fisher Exact test <0.05 level.
Table4.CYP2C19*2 and *3 genotype and phenotype association with recurrent ischemicstroke.

Phenotype Genotype Recurrent Non- P-value
group(n=30),% recurrent
group
(n=30),%
CYP2C19*2
EMS GG(*1/*1) 17(56.7) 25(83.3) 0.039
IMS GA(*1/*2) 12(40) 4(13.3)
PMs AA(*2/*2) 1(3.3) 1(3.3)
CYP2C19*3
EMS GG(*1/*1) 28(93.3) 27(90) 0.612
IMs GA(*1/*3) 1(3.3) 3(10)
PMs AA(*3/*3) 1(3.3) 0(0)

*Significant difference using Fisher Exact test <0.05 level.
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Discussion

Genetic variants in CYP2C19, an enzyme
essential for clopidogrel bio-activation, have been
linked to lower clopidogrel antiplatelet efficacy and
therefore to a higher risk of recurrence of ischemic
stroke. The impact of the pharmacogenetics of the
CYP2C19 polymorphisms CYP2C19*2 and
CYP2C19*3 on the risk of stroke recurrence in
ischemic stroke patients treated with clopidogrel for
secondary prevention is reported in this study.
Patients with CYP2C19*2 loss of function variant
allele had a greater rate of stroke recurrence than
those who did not have the mutant gene.

CYP2C19*1,*2,*3 allele frequencies were
75.83%, 16.7%, and 5%, respectively, while
extensive  metabolizers (EMs), intermediate
metabolizers IMs, and poor metabolizers PMs allele
frequencies were 61.7%, 20%, and 5%, respectively.
The distribution of the CYP2C19*2 allele (16.7%)
was found to be similar to an earlier Iragi study
which was done in 2015, on 221 people of Iraqi
nationality and Arabic ethnicity who were not
relatives with a CYP2C19*2 allele frequency of
(15.2%) in addition to several studies included other
Middle Eastern populations, such as Jordanians
(16%), Lebanese (13.4%), and Palestinians
(15.5%),%2 %), The CYP2C19*3 allele frequency in
this study was (5%) which falls within the
frequency range for Asian populations (3.36 % -
11.66%) which is reviewed in a meta-analysis study
that included 78 original study articles ©®. The
frequency of CYP2C19*3 allele in the sample
population of this study was 5%, which differs from
prior data in another study in 2018, Duhok city, in
the Kurdistan region that was done by Mohammad
and Al-Allawi in 2018 on 201 lraqi patients on
clopidogrel undergoing percutaneous coronary
intervention which didn’t document any case to
carry this allele ?”. However, the number of patients
carrying the heterozygote genotype (*1/*3) and
homozygote genotype (*3/*3) in the both groups
was small to compare, therefore we cannot depend
considerably on them and we need a larger sample.

The data of the current study reveal that
possessing the variant allele CYP2C19*2 (P=0.024)
but not CYP2C19*3 (P=1.000) is associated with a
potential risk for recurrent stroke and that the risk is
linked with the IMs and PMs of CYP2C19*2
carriers (P=0.039). Similar findings were obtained
in a study of patients treated with percutaneous
coronary intervention (PCI) and dual antiplatelet
therapy (DAPT), which indicated a significant link
between main adverse cardiovascular events
(MACE) and CYP2C19*2, but not CYP2C19*3 @9,
In contrast to the present study's findings, a study in
Melbourne, Australia, found that CYP2C19*17
carriers had a higher risk of ischemia events
(P=0.04), but CYP2C19*2 and CYP2C19*3 carriers
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had no significant association with the outcomes
including ischemic events @®, The explanation for

the difference between these conflicting results and
the findings of the present study , regarding the
relation of CYP2C19*2 and *3 polymorphisms with
the recurrent risk of stroke, is may be due to the
difference in the allelic frequency between
populations since it is highest in Asian populations
compared to others®®, as a result the low frequency
of CYP2C19*2 and *3 in populations of Australia in
the last study was not sufficient to make a strong
correlation with the ischemic events. With regards
to the significant relation of CYP2C19*17 with
ischemic outcome, although this variant is
associated with enzyme hyper-functioning leading
to hemorrhagic events®, this relation can be
explained in two findings present in a review article
made by Jiang et al, 2015, first one is that
pharmacogenomics of antiplatelet intervention
study (PAPI) founds that clopidogrel levels were
similar in participants carrying the CYP2C19*17
allele and corresponding peers holding the
CYP2C19*1  allele, suggesting that the
CYP2C19*17 mutation has a minor impact on
clopidogrel pharmacokinetics. Secondly, a recent
pharmacogenetics study identified a linkage
between the CYP2C19*17 allele and CYP2C19*4,
an LOF mutation, which suggest that the high
metabolic capacity of CYP2C19*17 carriers is
altered if The CYP2C19*4B haplotype is also
present in these individuals“®. In conclusion, the
ischemic outcomes may be resulted from another
factor or mechanism particularly there was no
association between CYP2C19*17 polymorphism
and platelets activity as mentioned earlier.

Many additional non-genetic factors may
contribute to an increased risk of stroke recurrence
such as gender and race. Stroke prevalence is higher
in black men than among other races®®. All patients
in that study were white without significant
association with sex (P=0.602). Hypertension,
ischemia, endothelial dysfunction, and pressure
overload all promote local tissue ACE production,
which can lead to long-term structural alterations
such as myocardial and vascular remodeling. ACE
inhibitors are thought to work by lowering blood
pressure as a result of vasodilation and salt depletion
as well as other benefits mediated by distinct
vascular  protective actions that lead to
atherosclerosis ~ regression  or  prevention®b,
However, the study findings revealed a significant
relationship with ACEI/ARB medication therapy
(P=0.024) and there was no significant association
between recurrence risk and hypertension
(P=0.739). These results were consistent with the
findings of another prospective study in China 2019,
done on 289 patients with ischemic stroke treated
with clopidogrel for prevention where the
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correlation of drug therapy during follow-up
(ACEI/ARB) was significant with risk of stroke
recurrence (P=0.006) and contrast with hypertension
which was an independent risk factor of recurrence
risk (P=0.04)@?, this can be due to that most of the
hypertensive patients in the current study were of
age below 60 years old, they had either hypertension
alone or with one other risk factor, mostly
hyperlipidemia without other comorbidities or they
had controlled blood pressure. The majority of
stroke prevention data in diabetic individuals comes
from primary prevention rather than secondary
prevention, Glycemic management has been proven
to lower the risk of microvascular problems, but not
stroke®?), The correlation between stroke recurrence
risk and diabetes in this study was not significant
(P=0.426), this result was compatible with the other
study results in China in patients undergoing stent
plantation for cerebral artery stenosis ©3. In
opposite, the correlation with diabetes was
significant (P=0.009) in a study that was done in
Spain on 209 TIA patients among and ischemic
heart disease patients managed with stenting and
dual antiplatelet follow-up for ischemic events®®.
Brand clopidogrel is approved for clinical use as
hydrogen sulfate (bisulfate) salt whereas generic
clopidogrel is designed with different salt
formulations®. Different salt forms of any active
component can vary markedly in physicochemical
properties, such as solubility, hygroscopicity,
stability and flowability, in addition to the presence
of different levels of impurities between many
copies of drug, can affect the biological activity of
drug ?2Y. As a result, the efficacy of clopidogrel
may vary with the use of brand and generic
clopidogrel affecting the risk of stroke recurrence.
However, the current study findings revealed that
there is no difference in effect between patients
using clopidogrel (P=1.000), similar to a
retrospective study in USA, resulted that generic
clopidogrel is as effective as the brand clopidogrel
(P=0.77) for the inhibition of platelet
aggregation®®the same results also were found in
other study in Ontario, Canada, on patients
hospitalized for acute coronary syndrome including
those had stroke or transient ischemic attack (TIA)
taking branded and generic clopidogrel where there
was no significant difference between clinical
outcomes of death or re-hospitalization with the type
of clopidogrel used (P=0.605) for ischemic stroke or
TIA patients G7

Conclusion

1.This study provides certain evidence on the
genetic effect of CYP2C19*2 on the risk of stroke
recurrence in intermediate and poor metabolizers of
clopidogrel drug in ischemic stroke patients since
this variant can decrease the activity of CYP2C19
enzyme leading to decrease or even inhibit
clopidogrel metabolism resulting in lowering the
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clopidogrel active metabolite level. As a result the
antiplatelet action of clopidogrel is diminished.
2. This study affirmed that the ACE/ARBs drugs
play a protective role in ischemic stroke patients
since they are contributing to the prevention of
ischemic stroke recurrence.
Recommendation

The CYP2C19 gene polymorphisms of
patients were discovered to be effective in guiding
therapeutic  customized antiplatelet  therapy.
Modifying antiplatelet medication treatment based
on CYP2C19 genotype such as increasing drug
dosage, mixing drugs, or trying with new antiplatelet
agents could be possible options to decrease
clopidogrel resistance.
Limitations

This study has a number of

drawbacks. Particularly, the study time length was
insufficient in considering the recurrence of stroke,
as well the limited sample size of the study.
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