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Abstract

Background: Early neurological deterioration (END) is common in acute ischemic stroke (IS). However, the
underlying mechanisms for END are unclear. The aim of this study was to evaluate the associations of 16 variants in
clopidogrel-relevant genes and interactions among these variants with END in acute IS patients receiving
clopidogrel treatment.

Methods: We consecutively enrolled 375 acute IS patients between June 2014 and January 2015. Platelet
aggregation was measured on admission and after the 7-10 days of clopidogrel treatment. The 16 variants in
clopidogrel-relevant genes were examined using mass spectrometry. The primary outcome was END within the 10
days of admission. Gene-gene interactions were analyzed by generalized multifactor dimensionality reduction
(GMDR) methods.

Results: Among the 375 patients, 95 (25.3%) patients developed END within the first 10 days of admission. Among
the 16 variants, only CYP2C19*2 (rs4244285) AA/AG was associated with END using single-locus analytical approach.
GMDR analysis revealed that there was a synergistic effect of gene-gene interactions among CYP2C19*2 rs4244285,
P2Y12 rs16863323, and GPllla rs2317676 on the risk for END. The high-risk interactions among the three variants
were associated with the higher platelet aggregation and independent predictor for END after adjusting for the
covariates (hazard ratio: 2.82; 95% confidence interval: 1.36-7.76; P = 0.003).

Conclusions: END is very common in patients with acute IS. The mechanisms leading to END are most likely
multifactorial. Interactions among CYP2C19*2 rs4244285, P2Y12 rs16863323, and GPllla rs2317676 may confer a
higher risk for END. It was very important to modify clopidogrel therapy for the patients carrying the high-risk
interactive genotypes.

Clinical trial registration information: The study described here is registered at http://www.chictr.org/ (unique
Identifier: ChiCTR-OCH-14004724). The date of trial registration was May 30, 2014.
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Background

Stroke is one of the leading causes of adult death and
disability [1, 2]. The incidence of early neurological de-
terioration (END) is very high in patients with an acute
ischemic stroke (IS) [3], and END is associated with in-
creased mortality and morbidity [3-6]. It is very vital to
understand the mechanisms of END for preventing END
in clinic. Although various factors are associated with
END risk [7, 8], the underlying mechanisms of END are
not fully clear.

Platelet activation plays a vital role in the pathophysi-
ology of IS [9, 10]. Antiplatelet treatment is recom-
mended after IS [11]. Compared with aspirin,
clopidogrel was more effective in reducing the vascular
events in patients with atherosclerotic disease [12]. How-
ever, a proportion of patients receiving clopidogrel have
clopidogrel resistance (CR) [13]. The IS patients with CR
have an increased risk of recurrent ischemic stroke (RIS)
or other vascular events [14—16].

Clopidogrel requires intestinal absorption, metabolic
activation in liver, blocks adenosine diphosphate (ADP)
binding to platelet P2Y12 receptor in platelet, prevents
activation of glycoprotein GPIIb/IIla complex, which is
required for platelet activation [17]. Clopidogrel sensitiv-
ity or CR was affected by genetic polymorphisms of clo-
pidogrel absorption, metabolic activation, P2Y12
receptor, and glycoprotein Illa [16, 18]. Previous results
have shown that variants of these clopidogrel-relevant
genes and these interactions are independently associ-
ated with CR and RIS in IS patients receiving clopidogrel
[16, 19-21]. Our recent studies revealed that CR and
CYP2C19*2 reduced-function alleles were associated
with the higher risk for END, and dual antiplatelet ther-
apy could reduce the risk for END in IS patients carrying
CYP2C19*2 reduced-function alleles [22, 23]. However,
the association between other variants in clopidogrel-
relevant genes and END remains to be determined.

Therefore, we hypothesized that clopidogrel-relevant
genetic variants and interactions among these variants
might influence platelet activation, and were associated
with the higher risk for END in acute IS patients receiv-
ing clopidogrel. To test this hypothesis, we evaluated 16
variants in clopidogrel-relevant genes and platelet aggre-
gation in 375 acute IS patients on the basis of our previ-
ous data [19, 22, 23]. This study was expected to provide
new insight into the mechanisms for END and better
prevent or treat END.

Methods

Study populations

This prospective, observational study was conducted in
the People’s Hospital of Deyang City and the Third Affil-
iated Hospital of Wenzhou Medical University. The
protocol of study was reviewed and approved by the
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Ethics Committees of participating hospitals. Before en-
rollment into the study, the written informed consent
was obtained from each of participants or their family
members.

The detailed procedures for recruitment of patients,
inclusion criteria, and exclusion criteria were described
in our previous studies [19, 22, 23]. In brief, a total of
375 IS patients with first-time stroke and within 72 h of
their stroke onset were consecutively enrolled between
June 2014 and January 2015. All IS patients were athero-
thrombosis or small artery disease stroke, National Insti-
tutes of Health Stroke Scale (NIHSS) scores were less
than 15 points. All patients received standard therapies
based on guideline [11], including clopidogrel 75 mg
once daily. Various risk factors were recorded. Hyperlip-
idemia was defined as triglycerides > 180 mg/dL, total
plasma cholesterol > 200 mg/dL, or use of lipid-lowering
drugs.

Platelet aggregation

On admission and after 7-10 days of clopidogrel, platelet
aggregation was evaluated by light transmittance aggre-
gometry. The results were presented as the amplitudes
of light transmittance at 5 min after addition of 10 uM
ADP or 0.5 mM arachidonic acid (AA) (Helena Labora-
tories, Beaumont, TX, USA). The detailed procedure
was described in our previous studies [22, 23].

Genotyping

The 16 single nucleotide polymorphisms (SNPs) in
clopidogrel-relevant genes, including ABCBI
(rs2032562), CYP3A4 (rs2242480), CYP3AS5 (rs776746),
CYP2C9 (rs1057910, rs1799853), CYP2C8 (rs1934980,
rs17110453), CYP2C19 (rs4986893, rs4244285), P2Y1
(rs1371097, rs1439010, rs701265), P2Y12 (rs9859538,
rs16863323), and GPIlla (rs11871251, rs2317676) were
selected from NCBI database (http://www.ncbi.nlm.nih.
gov/SNP), according to the below criteria: (1) the SNPs
had been assessed in previous studies [16, 19-21]; (2)
the SNPs can lead amino acid changes; (3) Tagging
SNPs may across diverse human populations (http://pga.
gs.washington.edu). We used matrix-assisted laser de-
sorption/ionization time of flight mass spectrometry
method to evaluated genotypes of the 16 variants, as our
previously described [19, 21].

Clinical outcomes

The primary outcome was END, which was defined as
an increase in total NIHSS score >2 points during the
first 10 days of admission, while excluding new infarct in
other vascular territory or hemorrhagic transformation
(HT) of infarct or intracerebral hemorrhage (ICH) [3,
22, 23]. The secondary outcome was a composite of MI,
RIS, and death within the first 10 days of admission.
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Safety outcomes were hemorrhagic episodes, including
asymptomatic or symptomatic ICH, symptomatic or
asymptomatic HT, and extracranial hemorrhages. The
investigators who assessed outcomes were blinded to the
results of genotypes.

Statistical analysis

The samples were calculated according to suggested
sample requirement of gene-gene interactions [24]. With
a two-sided type I error of 0.05, supposing an END event
rate of 20% in patients carrying low-risk interactive ge-
notypes, we calculated a sample of 370 could provide
80% power to discover a relative risk increment of 10%
for END in patients carrying high-risk interactive
genotypes.

All statistical analyses were performed by SPSS 16.0
(SPSS Inc., Chicago, IL, USA). Continuous variables
were compared using the Student’s t-test. Discrete vari-
ables were assessed using the x> test. The x* test was
also used to analyze the Hardy-Weinberg equilibrium of
genotype frequencies and differences of genotypes in 16
variants between patients with and without END. Gener-
alized multifactor dimensionality reduction method
(GMDR, B version 0.7, www.healthsystem.virginia.edu/
internet/addiction-genomics/Software) was used to in-
vestigate the gene-gene interactions among the 16 vari-
ants [19, 21, 25].

Differences in END, other outcomes, and platelet ag-
gregation between the patients with or without high-risk
interactive genotypes were compared by x*-test. Survival
function for END was assessed by Kaplan-Meier analysis.
Survival curves were truncated at 10 days, log-rank test
was used to determine the differences between patients
with and without high-risk interactive genotypes. The
risk for END was evaluated using Cox proportional-
hazards model, and was reported as hazard ratio (HR)
and 95% confidence interval (CI). Variables entered Cox
proportional-hazards model to adjust were the variables
of significant association with END (P < 0.05) in univari-
ate analysis. All tests were two-sided, A P value of less
than 0.05 was defined as statistically significant.

Results

Incidence of END

Among the 375 enrolled patients, 95 (25.3%) patients
suffered from END during the first 10 days of admission.
Baseline characteristics and platelet aggregation in pa-
tients were summarized in Table 1 and in Table 2 in our
previous articles [22, 23]. Briefly, the old age, diabetes
mellitus, hemoglobin Alc, fasting glucose, platelet aggre-
gation induced by AA or ADP on admission and after
7-10days of treatment were associated with END in
univariate analysis [22, 23].

Page 3 of 8

Table 1 Allelic frequencies of SNPs in patients with and without

END
Patients with END Patients without END p value
(n =95) (n=280)

CYP2C8 (rs17110453)
AA 43 (45.3) 132 (47.1) 0.751
AC+CC 52 (54.7) 148 (52.9)

CYP2C8 (rs1934980)
cC 15 (15.8) 40 (14.3) 0.723
CT+TT 80 (84.2) 240 (85.7)

CYP2C9 (rs1799853)
CC 95 (100) 280 (100) -

CYP2C9 (rs1057910)
AA 85 (89.5) 245 (87.5) 0.626
AC+CC 10 (10.5) 35 (125)

CYP3A4(rs2242480)
CcC 51 (53.7) 155 (554) 0.786
TT+CT 44 (46.3) 125 (44.6)

ABCB1(rs2032562)
GG 25 (26.3) 65 (23.2) 0.532
TT+GT 70 (73.7) 215 (76.8)

P2Y1(rs701265)
AA 46 (484) 158 (56.4) 0.193
AG+ GG 49 (51.6) 122 (436)

P2Y1(rs1439010)
AA 48 (50.5) 156 (55.7) 0.402
AG + GG 47 (49.5) 124 (44.3)

P2Y1(rs1371097)
CC 45 (474) 161 (57.5) 0.096
TT+CT 50 (52.6) 119 (42.5)

CYP3A5(rs776746)
AA 12 (12.6) 36 (12.9) 0.998
GG+ AG 83 (874) 244 (87.1)

CYP2C19(rs4244285)
GG 20 (16.8) 133 (47.5) <0.001
AG+ AA 75 (78.9) 147 (52.5)

CYP2C19(rs4986893)
GG 86 (90.5) 262 (93.6) 0.752
AG 9(95) 18 (64)

P2Y12(rs16863323)
CcC 16 (16.8) 62 (22.1) 0.276
TT+CT 79 (83.2) 218 (77.9)

P2Y12(rs9859538)
GG 68 (71.6) 206 (73.6) 0.705
AG + AA 27 (284) 74 (264)

GPllla (rs2317676)
AA 62 (65.3) 188 (67.1) 0.724
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Table 1 Allelic frequencies of SNPs in patients with and without
END (Continued)

Patients with END

Patients without END p value

(n =95) (n=280)
AG + GG 33 (34.7) 92 (32.9)
GPllla (rs11871251)
AA 27 (284) 86 (30.7) 0.678
AG+GG 68 (71.6) 194 (69.3)

SNPs single nucleotide polymorphisms; END, early neurological deterioration

Association of SNPs in clopidogrel-relevant genes with
END

The 16 variants examined were in Hardy-Weinberg
equilibrium (P >0.05). The frequency of CYP2C19*2
AA/AG (reduced-function alleles) was higher in patients
with END compared with those without END (P < 0.001,
Table 1). The allelic frequencies of the other 15 variants
did not differ between the two groups using single-locus
analytical method (P > 0.05, Table 1).

Gene-gene interactions and END

Then, GMDR method was used to investigate the associ-
ations of high-order interactions of these SNPs with
END, and results showed that there was a significant
gene-gene interaction among the 16 variants. The best
model for END was CYP2CI19*2 rs4244285, P2YI2
rs16863323, and GPIlla rs2317676 after adjusting covari-
ates, which scored 9 out of 10 for the sign test and 10
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out of 10 for cross-validation consistency (P =0.019,
Table 2). The one-locus model was computed for each
variant. The significance of gene-gene interaction was
further determined using a permutation test (P = 0.025).
These indicate that synergistic action of the three vari-
ants significantly contributed to END.

Furthermore, we evaluated the associations of varied
genotype combinations of rs4244285, rs16863323 and
rs2317676 with END. Compared to patients carrying wild-
type genotypes rs4244285GG, rs16863323CC, and
rs2317676AA, the relative risk of END for different geno-
type combination of the three variants was analyzed.
Three genotype combinations making larger contribution
to END were those patients carrying rsd244285AA,
rs2317676GG, and rs16863323TT (OR=2.72, 95% CL
1.16-6.76, P=0.007); rs4244285AA, rs2317676AG/GG,
and rs16863323TT (OR=1.93, 95% CIL: 1.04-4.12, P=
0.037); rs4244285AA, rs2317676AG, and rs16863323CT
(OR =2.38, 95%CI: 1.12-5.54, P=0.026) (Table 3). The
three combinations of 154244285, rs16863323 and
rs2317676 were considered as the high-risk interactive ge-
notypes, and the other combinations of the three variants
were considered as the low-risk genotypes (Table 3).

High-risk interactive genotypes, platelet aggregation, and
clinical outcomes

Platelet aggregation and inhibition of platelet aggrega-
tion induced by AA or ADP did not significantly differ

Table 2 Comparison of the best models, prediction accuracies, cross-validation consistencies, and P values for END identified by

generalized multifactor dimensionality reduction analysis

Best model® Training balanced accuracy Testing balanced accuracy — Cross-validation consistency — Sign test (P value)
16 0613 0.582 7/10 6 (0432)
12 0418 0.534 8/10 8 (0.296)
1,2,3 0.612 0623 10/10 9 (0.019)
1,234 0513 0.586 8/10 6 (0.632)
1,2,3,45 0.617 0.522 9/10 8 (0.763)
1,2,3,4,56 0.543 0514 7/10 7 (0.604)
1,2,3,4,56,7 0476 0495 6/10 5 (0.835)
1,2,3,456,7,8 0.543 0.566 7/10 7 (0.351)
1,2,3,45,6,7,89 0446 0.552 8/10 5(0.675)
1,2,3,4,56,7,8910 0612 0624 6/10 6 (0.723)
1,2,3,4,5,6,7,8 9 1011 0575 0513 7/10 7 (0372)
1,2,3,4,56,7,89 10,1112 0484 0497 5/10 6 (0.667)
1,23,4,56,7,891011,1213 0.597 0.583 7/10 5(0432)
1,2,3,4,56,7,891011,1213,14 0.582 0.605 8/10 6 (0.317)
1,2,3,4,5,6,7,8910,11,1213,14,15 0.622 0.572 6/10 8 (0.186)
1,2,3,4,56,7,891011,12,13,141516 0475 0402 4/10 5(0.726)

END early neurological deterioration

2 Numbers 1-16 represent rs4244285, rs2317676, rs16863323, rs17110453, rs11871251, rs776746, rs1371097, rs701265, rs1439010, rs2242480, rs9859538,
rs4986893, rs1934980, rs1799853, rs1057910, and rs2032562, respectively
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Table 3 Associations between genotype combinations and END

rs4244285 GG AA AA AA AG AA, AG AA AA, AG
rs16863323 CcC T T cT cT T 1T, CT 1T, CT
152317676 AA GG AG, GG AG AG GG GG GG, AG
OR 1° 2.72 1.93 2.38 1.32 1.14 1.05 1.07
95% Cl - 1.16-6.76 1.04-4.12 1.12-554 0.68-2.12 0.72-1.87 0.86-2.53 0.66-1.95
P value - 0.007 0.037 0.026 0434 0.325 0482 0.583

END early neurological deterioration, OR odds ratio, C/ confidence interval
“The low-risk genotype for each genetic factor was used as the reference

among the 16 variants (all P > 0.05). However, the plate-
let aggregation on admission and after 7—10 days of clo-
pidogrel was higher, and inhibition of platelet
aggregation was lower in patients carrying high-risk
interactive genotypes compared to those patients carry-
ing low-risk interactive genotypes (Table 4).

The incidence of END was significantly higher in pa-
tients carrying high-risk interactive genotypes than those
patients carrying low-risk interactive genotypes (Table
4). There was no significant difference in second out-
come and safety outcome between the two groups
(Table 4).

Cox proportional-hazards model analysis for END

The risk conferred by the combinations of rs4244285,
rs16863323 and rs2317676 was defined as interactive
variable. The high-risk interactive genotypes were con-
sidered as one, and the low-risk interactive genotypes
were considered as zero. Cox regression analysis showed
that the high-risk interactive variable was independent
predictor for END after adjusting for the covariates (HR:
2.82; 95% CIL: 1.36-7.76; P = 0.003) (Table 5). Cumula-
tive freedom from END was lower in patients carrying
high-risk interactive genotypes than those carrying low-
risk interactive genotypes (Fig. 1).

Table 4 Association of high-risk interactive genotypes with platelet aggregation and clinical outcomes

patients carrying the high-risk interactive genotypes patients carrying the low-risk interactive genotypes p
(n=287) (n=288) value
AA-induced platelet aggregation (%)
before clopidogrel 853+148 7121174 <
0.001
after 7-10 days 555+126 353+£149 <
clopidogrel 0.001
inhibition 302+92 381+£114 <
0.001
ADP-inducedplatelet aggregation (%)
Before clopidogrel 79.1+16.2 679+148 <
0.001
after 7-10 days 452+ 132 256+86 <
clopidogrel 0.001
inhibition 349+123 464+136 <
0.001
END (n, %) 34 (39.1) 61 (21.2) <
0.001
RIS (n, %) 1(1.1) 2(0.7) 0.963
MI (n, %) 0 (0.0) 1(03) 0.586
Death (n, %) 1(1.1) 1(0.3) 0.754
Safety outcomes
Asymptomatic HT (n, %) 1 (1.1) 6 (2.1) 0438
Asymptomatic ICH (n, 1(1.1) 1(0.3) 0.754
%)
Extracranial bleeding (n, 2 (2.3) 9 (3.1) 0443

%)

AA arachidonic acid, ADP adenosine diphosphate, END early neurological deterioration, M/ myocardial infarction, RIS recurrent ischemic stroke, HT hemorrhagic

transformation, ICH intracerebral hemorrhage



Yi et al. BMC Neurology (2020) 20:159

Discussion

In this study, we investigated the incidence of END and
its association with 16 variants in clopidogrel-relevant
genes in acute IS patients. The results revealed that
25.3% of patients suffered from END. There was a syner-
gistic effect of gene-gene interactions among CYP2C19*2
rs4244285, P2Y12 rs16863323, GPIllla rs2317676 on
END risk, the high-risk interaction among the three var-
iants was independent predictor for END.

The mechanisms of END are not fully understood.
Thrombus extension is one of causes for END [26].
Platelet activation can promote vessel wall damage and
atherogenesis, and plays a vital role in thrombus exten-
sion [26, 27]. Our previous studies and this study dem-
onstrated that platelet activation was associated with the
higher risk of END [22, 28, 29]. Insufficient inhibition of
platelet activation using antiplatelet treatment may lead
to thrombus extension or larger thrombus, further may
lead to END [5, 30]. Thus, intensive antiplatelet treat-
ment may be adequate for preventing END in the pa-
tients with high platelet activation [22, 23].

Previous studies have revealed that carriers of
CYP2C19*2 loss-of-function (LOF) allele are associated
with CR and higher risk of vascular events than noncar-
riers in patients receiving clopidogrel [16, 19, 20]. Our
current results and previous study revealed that
CYP2C19*2 rs4244285AA/AG was independently associ-
ated with the risk of END [23]. Thus, it is very important
to modify clopidogrel treatment for carriers of
CYP2C19*2 LOF allele, such as dual therapy with aspirin
and clopidogrel [23, 28, 31] or substitution of clopido-
grel with other antiplatelet drugs [32].

Although our previous study has revealed that
CYP2C19*2 AG/AA (reduced-function alleles) was asso-
ciated with the risk of END in patients treated with clo-
pidogrel [23], the association of other clopidogrel-
relevant genetic variants with END risk were not investi-
gated. The important finding in present study was that
there was a synergistic effect among rs4244285,
rs2317676 and rs16863323 on END risk, the high-risk

Table 5 Cox regression analysis of risk factors for END

Factor HR 95% Cl P value
Age 0.82 0.59-1.28 0476
Diabetes mellitus 1.67 0.92-2.13 0.135
Hemoglobin A1C 1.08 0.88-2.36 0.198
Fasting blood glucose 097 0.82-1.86 0.395
AA-induced platelet aggregation 0.73 0.72-1.69 0.512
ADP-induced platelet aggregation 0.78 0.76-1.83 0438
CYP2C19rs4244285AA/AG 241 1.27-6.82 0.005
High-risk interactive variable 282 1.36-7.76 0.003

END early neurological deterioration, HR hazard ratio, C/ confidence interval
HR for continuous variables means per 1-Standard Deviation increase
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interactive genotypes of the three variants were inde-
pendently associated with higher risk of END.

The molecular mechanisms of interactions among the
three variants increasing END risk are unclear. Clopido-
grel is an inactive prodrug, which requires biotransform-
ation to active metabolite by cytochrome P450 (CYP)
enzymes. Polymorphisms of CYP2C19 affected the phar-
macokinetic and pharmacodynamic of clopidogrel [18,
22]. Plasma level of clopidogrel-active metabolite and
antiplatelet ability of clopidogrel were lower, and risk of
stroke and vascular events were higher in carriers of
CYP2C19 *2 LOF allele than non-carriers, who were
treated with clopidogrel [16, 18-20]. The pharmacoge-
netic targets of clopidogrel are P2Y12 receptor and its
effector (glycoprotein IIb/IIla, GPIIla). P2Y12 receptor
and GPIIla are associated with biologic variability of clo-
pidogrel [33, 34]. GPIlla and P2Y12 SNPs are independ-
ent predictor of CR [35]. Rs4244285, rs2317676 and
rs16863323 encode CYP enzymes, glycoprotein receptor
and platelet membranes receptors, respectively. The rea-
son of the three variants interactions increasing END
risk may be that they all participate in modulation
pharmacodynamics, pharmacokinetics, and biologic ac-
tivity of clopidogrel, which are necessary for IS patients
to response to clopidogrel. Our current results demon-
strated that platelet aggregation on admission and after
7-10days of clopidogrel was significantly higher, inhib-
ition of platelet aggregation was significantly lower in
patients with high-risk interactive genotypes than those
carrying low-risk interactive genotypes. Therefore, we
speculate that high-risk interactions among rs4244285,
rs16863323 and rs2317676 could provide the IS patients
with high platelet activation, which may increase END
risk. The results indicate that it is very necessary to
modify clopidogrel for those patients carrying high-risk
interactive genotypes.

Several potential limitations need to be considered in
this study. First limitation was limited sample size, two-
center, and short follow-up period. Second, although we
investigated the association of high-risk interactive geno-
types with platelet activation, we did not measure
plasma clopidogrel level and its active metabolite level.
Third, despite we investigated the known functional var-
iants of clopidogrel-relevant genes, we did not assess
some rare functional variants in this study. Thus, further
studies should be necessary in the future.

Conclusion

Incidence of END was very high in acute IS patients re-
ceiving clopidogrel. There was a synergistic effect of
CYP2C19*2 rs4244285, GPIlla rs2317676, and P2Y12
rs16863323 on END risk. The high-risk interaction
among the three variants was independent predictor for
END. It was necessary to modify clopidogrel therapy for
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Fig. 1 Probability of Survival Free of END. Kaplan-Maier analysis of cumulative freedom from END associated with high-risk interactive genotype
(Figure). END indicates early neurological deterioration

the patients carrying high-risk interactive genotypes.
Current study was expected to provide new insight into
the genetic mechanisms for END, offer theoretical refer-
ences for drug discovery and gene therapy in future,
modify antiplatelet therapy for the patients carrying the
high-risk interactive genotypes promptly, and better
prevent or treat END.

Abbreviations

END: Early neurological deterioration; IS: Ischemic stroke; GMDR: Generalized
multifactor dimensionality reduction; MI: Myocardial infarction;

CR: Clopidogrel resistance; RIS: Recurrent ischemic stroke; NIHSS: National
Institutes of Health Stroke Scale; AA: Arachidonic acid; ADP: Adenosine
diphosphate; OR: Odds ratio; HR: Hazard ratio; Cl: Confidence interval;

HT: Hemorrhagic transformation; ICH: Intracerebral hemorrhage

Acknowledgments
The authors thank Medjaden Bioscience Limited for assisting in editing and
proofreading this manuscript.

Authors’ contributions

XY participated in the design of the study, statistical analysis, and drafted the
manuscript. QZ participated in the sequence alignment and manuscript
writing. YZ carried out the molecular genetic studies, statistical analysis, and
drafted the manuscript. JZ, participated in data interpretation and revised
the manuscript. JL helped to draft the manuscript. All authors read and
approved the final manuscript.

Funding

This study was supported in part by grants from the Sichuan Science and
Technology Agency Research Foundation (Grant No.2018JY0164), the
Scientific Research Foundation of Sichuan Provincial Health Department
(Grant No. 16ZD046), and the Deyang City Science and Technology Research
Foundation (#2014SZ035). The authors declare that they have no financial
relationship with the organization that sponsored the research, and the
funding body was not involved in study design, data collection, analysis and
writing of the study.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate

The study protocol was submitted to and approved by the Ethics
Committee of the People’s Hospital of Deyang City and the Third Affiliated
Hospital of Wenzhou Medical University. All procedures performed in studies
involving human participants were in accordance with the ethical standards
of the institutional and national research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical
standards. Written informed consent was obtained from all individual
participants included in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Neurology, the People’s Hospital of Deyang City, Deyang
618000, Sichuan, China. “Department of Neurology, the Third Affiliated
Hospital of Wenzhou Medical University, 108 Wanson Road, Ruian City,
Wenzhou 325200, Zhejiang, China.

Received: 28 September 2018 Accepted: 27 March 2020
Published online: 28 April 2020

References

1. GBD 2013 Mortality and Causes of Death Collaborators. Global, regional, and
national age-sex specific all-cause and cause-specific mortality for 240
causes of death, 1990-2013: A systematic analysis for the global burden of
disease study 2013. Lancet. 2015;385:117-71.

2. Jiang B, Wang WZ, Chen H, Hong Z, Yang QD, Wu SP, et al. Incidence and
trends of stroke and its subtypes in China: results from three large cities.
Stroke. 2006;37:63-8.

3. YiX Han Z Zhou Q, Lin J, Liu P. 20-Hydroxyeicosatetraenoic acid as a
predictor of neurological deterioration in acute minor ischemic stroke.
Stroke. 2016;47:3045-7.



Yi et al. BMC Neurology

20.

21.

22.

23.

24.

25.

(2020) 20:159

Tei H, Uchiyama S, Ohara K, Kobayashi M, Uchiyama Y, Fukuzawa M.
Deteriorating ischemic stroke in 4 clinical categories classified by the
Oxfordshire community stroke project. Stroke. 2000;31:2049-54.

Yi X, Wang C, Liu P, Fu C, Lin J, Chen Y. Antiplatelet drug resistance is
associated with early neurological deterioration in acute minor ischemic
stroke in the Chinese population. J Neurol. 2016;,263:1612-29.

Vahidy FS, Hicks WJ 2nd, Acosta |, Hallevi H, Peng H, Pandurengan R, et al.
Neurofluctuation in patients with subcortical ischemic stroke. Neurology.
2014;83:398-405.

Davalos A, Toni D, lweins F, Lesaffre E, Bastianello S, Castillo J. Neurological
deterioration in acute ischemic stroke: potential predictors and associated
factors in the European cooperative acute stroke study (ECASS) I. Stroke.
1999;30:2631-6.

Baizabal-Carvallo JF, Alonso-Juarez M, Samson Y. Clinical deterioration
following middle cerebral artery hemodynamic changes after
intravenous thrombolysis for acute ischemic stroke. J Stroke
Cerebrovasc Dis. 2013;23:254-8.

Lavallée PC, Labreuche J, Faille D, Huisse MG, Nicaise-Roland P, Dehoux M,
et al. Circulating markers of endothelial dysfunction and platelet activation
in patients with severe symptomatic cerebral small vessel disease.
Cerebrovasc Dis. 2013;36:131-8.

Toghi H, Suzuki H, Tamura K, Kimura B. Platelet volume, aggregation,
and adenosine triphosphate release in cerebral thrombosis. Stroke.
1991,22:17-22.

Kernan WN, Ovbiagele B, Black HR, Bravata DM, Chimowitz M, Ezekowitz
MD, et al. Guidelines for the prevention of stroke in patients with stroke
and transient ischemic attack: a guideline for healthcare professionals from
the American Heart Association/American Stroke Association. Stroke. 2014;
45:2160-236.

CAPRIE Steering Committee. A randomised, blinded, trial of clopidogrel
versus aspirin in patients at risk of ischaemic events (CAPRIE). Lancet. 1996;
348:1329-39.

Yin T, Miyata T. Pharmacogenomics of clopidogrel: evidence and
perspectives. Thromb Res. 2011;128:307-16.

Rho GJ, Shin WR, Kong TS, Kim MS, Lee CJ, Lee BH. Significance of
clopidogrel resistance related to the stent-assisted angioplasty in patients
with atherosclerotic cerebrovascular disease. J Korean Neurosurg Soc. 2011;
50:40-4.

Yi X, Lin J, Zhou Q, Wu L, Cheng W, Wang C. Clopidogrel resistance
increases rate of recurrent stroke and other vascular events in Chinese
population. J Stroke Cerebrovasc Dis. 2016;25:1222-8.

Yi X, Lin J, Wang Y, Zhou Q, Wang C, Cheng W, et al. Association of
cytochrome P450 genetic variants with Clopidogrel resistance and
outcomes in acute ischemic stroke. J Atheroscler Thromb. 2016;23:
1188-200.

Martinez-Quintana E, Tugores A. Clopidogrel: a multifaceted affair. J Clin
Pharmacol. 2015;55:1-9.

Simon T, Verstuyft C, Mary-Krause M, Quteineh L, Drouet E, Méneveau N,
et al. Genetic determinants of response to clopidogrel and cardiovascular
events. N Engl J Med. 2009;360:363-75.

Yi X, Wang Y, Lin J, Cheng W, Zhou Q, Wang C. Interaction of CYP2C19,
P2Y12, and GPllla variants associates with efficacy of Clopidogrel and
adverse events on patients with ischemic stroke. Clin Appl Thromb Hemost.
2017;23:761-8.

Pan'Y, Chen W, Xu Y, Yi X, Han Y, Yang QW, et al. Genetic polymorphisms
and Clopidogrel efficacy for acute ischemic stroke or transient ischemic
attack: a systematic review and meta-analysis. Circulation. 2017;135:21-33.
Yi X, Lin J, Wang Y, Zhou J, Zhou Q. Interaction among CYP2C8, GPllla and
P2Y12 variants increase susceptibility to ischemic stroke in Chinese
population. Oncotarget. 2017;8:70811-20.

Yi X, Lin J, Wang Y, Zhou J, Zhou Q, Wang C. Response to clopidogrel is
associated with early neurological deterioration after acute ischemic stroke.
Oncotarget. 2018;9:19900-10.

Lin J, Han Z, Wang C, Yi X, Chai Z, Zhou Q, et al. Dual therapy with
clopidogrel and aspirin prevents early neurological deterioration in ischemic
stroke patients carrying CYP2C19*2 reduced-function alleles. Eur J Clin
Pharmacol. 2018;74:1131-40.

Wang S, Zhao H. Sample size needed to detect gene-gene interactions
using association designs. Am J Epidemiol. 2003;158:8399-914.

Lou XY, Chen GB, Yan L, Ma JZ, Zhu J, Elston RC, et al. A generalized
combinatorial approach for detecting gene-by-gene and gene-by-

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Page 8 of 8

environment interactions with application to nicotine dependence. Am J
Hum Genet. 2007,80:1125-37.

Irino T, Watanabe M, Nishide M, Gotoh M, Tsuchiya T. Angiographical
analysis of acute cerebral infarction followed by “cascade’-like deterioration
of minor neurological deficits. What is progressing stroke? Stroke. 1983;14:
363-8.

Fateh-Moghadam S, Li Z, Ersel S, Reuter T, Htun P, Plockinger U, et al.
Platelet degranulation is associated with progression of intima-media
thickness of the common carotid artery in patients with diabetes mellitus
type 2. Arterioscler Thromb Vasc Biol. 2005;25:1299-303.

Yi X, Lin J, Wang C, Zhang B, Chi W. A comparative study of dual versus
monoantiplatelet therapy in patients with acute large-artery atherosclerosis
stroke. J Stroke Cerebrovasc Dis. 2014;23:1975-81.

Wang C, Vi X, Zhang B, Liao D, Lin J, Chi L. Clopidogrel plus aspirin prevents
early neurologic deterioration and improves 6-month outcome in patients
with acute large artery atherosclerosis stroke. Clin Appl Thromb Hemost.
2015;21:453-61.

Bugnicourt JM, Roussel B, Garcia PY, Canaple S, Lamy C, Godefroy O. Aspirin
non-responder status and early neurological deterioration: a prospective
study. Clin Neurol Neurosurg. 2011;113:196-201.

Wang Y, Wang Y, Zhao X, Liu L, Wang D, Wang C, et al. Clopidogrel with
aspirin in acute minor stroke or transient ischemic attack. N Engl J Med.
2013;369:11-9.

Mehta SR, Tanguay JF, Eikelboom JW, Jolly SS, Joyner CD, Granger CB, et al.
Double-dose versus standard-dose clopidogrel and high-dose versus low-
dose aspirin in individuals undergoing percutaneous coronary intervention
for acute coronary syndromes (CURRENT-OASIS 7): a randomised factorial
trial. Lancet. 2010;376:1233-43.

Fontana P, Dupont A, Gandrille S, Bachelot-Loza C, Reny JL, Aiach M, et al.
Adenosine diphosphate-induced platelet aggregation is associated with
P2Y12 gene sequence variations in healthy subjects. Circulation. 2003;108:
989-95.

Angiolillo DJ, Fernandez-Ortiz A, Bernardo E, Alfonso F, Sabaté M, Fernandez
C, et al. PIA polymorphism and platelet reactivity following clopidogrel
loading dose in patients undergoing coronary stent implantation. Blood
Coagul Fibrinolysis. 2004;15:89-93.

Galic E, Vrbanic L, Kapitanovic S, Catela Ivkovi¢ T, Petro D, Vukovic |. P2RY12
gene polymorphisms and effect of clopidogrel on platelet aggregation. Coll
Antropol. 2013;37:491-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusions
	Clinical trial registration information

	Background
	Methods
	Study populations
	Platelet aggregation
	Genotyping

	Clinical outcomes
	Statistical analysis

	Results
	Incidence of END
	Association of SNPs in clopidogrel-relevant genes with END
	Gene-gene interactions and END
	High-risk interactive genotypes, platelet aggregation, and clinical outcomes
	Cox proportional-hazards model analysis for END

	Discussion
	Conclusion
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

