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 Background: The aim of this study was to observe the effects of genetic polymorphism of CYP2C19 on inhibitory effects of 
ticagrelor (Tic) and clopidogrel (Clo) towards post-percutaneous coronary intervention (PCI) platelet aggrega-
tion (IPA) and major cardiovascular events (MACE) in patients with acute coronary syndromes (ACS).

 Material/Methods: From August 2013 to March 2014, 166 patients with ACS undergoing PCI were selected. The patients were 
randomly grouped into the Tic group and the Clo group. IPA was detected by thromboelastography (TEG) at 1 
week after taking the pills. Genotyping of CYP2C19 gene was determined by analysis of gene sequence detec-
tion. Patients were followed up for 1 month and MACE was observed.

 Results: The total IPA in the Clo group was significantly increased compared with the Tic group (P<0.05). The IPAs in the 
3 subgroups of Clo group were all significantly increased compared with the 3 subgroups of the Tic group (all 
P<0.05). MACE was not significantly different between Clo and Tic groups (P>0.05). MACE had no significant 
difference among the 3 subgroups of the Tic group (P>0.05). MACE in the low metabolism subgroup of the Clo 
group was significantly increased compared with the fast metabolism subgroup and middle metabolism sub-
group of Clo group (P<0.05). MACE was not significant different between the fast metabolism subgroup and 
the middle metabolism subgroup of the Clo group (P>0.05). MACE in the low metabolism subgroup of the Tic 
group was significantly decreased compared with the low metabolism subgroup of the Clo group (P<0.05).

 Conclusions: Ticagrelor has a better effect on inhibition platelet aggregation than Clopidogrel in ACS patients undergoing PCI.
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Background

The acute coronary syndrome (ACS) is a clinical syndrome with 
the rupture, hemorrhage, and thrombosis of coronary athero-
sclerotic plaques as the pathological basis, which can lead to 
different degrees of coronary arterial stenosis or occlusion, 
thus further inducing myocardial ischemia or infarction [1]. 
Percutaneous coronary intervention (PCI) is one of the main 
methods used to restore coronary blood flow, but the stenting 
increases incidence of intimal injuries and inflammations, can 
promote thrombosis, and may lead to in-stent restenosis [2]. 
The activation and aggregation of platelets plays an important 
role in the occurrence and development of ACS and post-PCI 
secondary cardiovascular events. Therefore, when ACS patients 
are treated using PCI, the application of anti-platelet agents is 
essential for the successful implementation of PCI and reduc-
ing postoperative thromboembolic complications [3]. However, 
the impacts of factors such as environment and genetic varia-
tion lead to the heterogeneity of anti-platelet reactivity, which 
is particularly obvious in Clo [4]. Clo is a second-generation thi-
enopyridine P2Y12 receptor antagonist, with long-term dom-
inant status in the antithrombotic therapy of ACS, but it also 
has many shortcomings and defects. Clo is a prodrug that 
needs to be metabolized into the active form in the liver be-
fore it can exert anti-platelet effects; therefore, the onset of 
Clo is slow. Furthermore, the metabolic enzymes, especially 
the genetic polymorphism of CYP2C19, can lead to significant 
individual differences in the anti-platelet activities of Clo, and 
nearly 30% patients do not achieve the desired platelet inhi-
bition effects [5,6]. Tic is a potent new anti-platelet agent, ex-
hibiting superior effects in ACS patients [7]. Previous studies 
have mainly focused on comparing the efficacies; there has 
been little attention to inhibition of platelet aggregation, and 
even less attention to the genetic polymorphism of CYP2C19. 
Th present study observed the changes in post-PCI platelet 
aggregation inhibition rate and MACE in ACS patients with 
CYP2C19 gene polymorphism after treatment with Tic and Clo, 
aiming to provide a basis for promotion and application of Tic.

Material and Methods

Study subjects

We selected 166 patients who were hospitalized and di-
agnosed with ACS, and successfully performed PCI in the 
Department of Interventional Cardiovascular Medicine of our 
hospital from August 2013 to March 2014. Inclusion criteria 
were: age ³18 years and £75 years, the diagnosis was in line 
with 2013 ESC/ACC/AHA diagnostic criteria; the patients and 
their families agreed with the study protocol and signed the 
informed consent; exclusion criteria (who met any 1 of the fol-
lowing conditions would be excluded): age <18 or >75 years; 

PCI contraindications; contraindications of strengthened an-
tithrombotic therapy; active pathological bleeding or history 
of intracranial hemorrhage; pregnant women; warfarin treat-
ment; cardiogenic shock; unsuccessful PCI; STEMI mechanical 
complications such as ventricular septal perforation or papil-
lary muscle rupture; the infarcted vessel was the left main ar-
tery; refused clinical follow-up or the clinical follow-up could 
not be performed [8,9].

Clinical data

The clinical data included basic clinical data, intervention data, 
and hospitalization data. The basic clinical data included sex, 
age, race, risk factors, myocardial infarction site, heart func-
tion Killip grading, clinical data during treatment, diagnosis-
balloon dilatation (DB), time and proportion of tirofiban. The 
intervention data included the proportions of multiple vascu-
lar lesions, infarction-related artery (IRA), blood flow, thrombus 
grading, and collateral blood flow of thrombolysis in myocar-
dial infarction (TIMI). The clinical data during hospitalization 
included the peak concentrations of troponin I (TnI) and cre-
atine kinase-Mb (CK-Mb); ST-segment changes of ECG 2 h and 
24 h after the blood vessel was made clear, and ventricular 
ejection fraction (LVEF) 1 week after the surgery.

Research methods and grouping

Before the coronary angiography, the 166 patients were ran-
domly divided into the Tic group (oral loading dose of 180 mg 
before operation, then 90 mg bid for at least 1 month, a total 
of 64 cases) and the Clo group (oral loading dose of 600 mg 
before operation, then 75 mg qd for at least 1 month, a total 
of 102 cases), the blood was sampled 1 week after the medi-
cation, and a thrombelastogram (TEG) was used to record the 
platelet aggregation inhibition rate (IPA).

All patients had their blood sampled after being admitted to 
the hospital, and molecular biological methods were used, as 
well as the Sanger dideoxy chain termination method (CTM). 
The end of each base was fluorescence labeled, which would 
result in a series of nucleotides that had different lengths and 
ended with A, T, C, and G. The above products underwent gel 
electrophoresis with urea-denatured PAGE to obtain the visi-
ble DNA base sequences. The gene sequences of these prod-
ucts were then assessed to determine the existence of gene 
mutation or sensitive genotype, after which the genotyping of 
CYP2C19 was analyzed. According to the results of CYP2C19 
genotypes in blood samples, the patients in the Tic group and 
the Clo group were then subgrouped into the normal metab-
olism subgroup (fast metabolism group, the genotype was 
CYP2C19*1/*1), the middle metabolism subgroup (genotypes 
were CYP2C19*1/*2 and *1/*3), and the low metabolism sub-
group (genotypes were CYP2C9*2/*2, *3/*3 and *2/*3).
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Determination of platelet aggregation rate

One week after the medication, the venous blood was sampled 
and we measured the adenosine diphosphate (ADP)- induced inhi-
bition of platelet aggregation (IPA) within 2 h using a 5000 throm-
belastograph (Haemoscope Co., USA). The TEG software was used 
to automatically calculate the maximum amplitude (MA) according 
to the test results using the formula IPA (%)=[(MAADP-MAfibrin)/
(MAthrombin-MAfibrin)]×100. MAADP was the ADP-induced clot 
strength, MAfibrin was the fibrin clot strength, and MAthrombin 
was the thrombin-induced clot strength showing platelet activity.

MACE

The clinical data were collected, and the clinical follow-up was 
performed 1 month later. The endpoint was MACE. MACE with-
in 30 days included death, myocardial infarction, emergency 
revascularization, and stroke.

Statistical analysis

SPSS 20.0 software was used for the statistical analysis. The 
test revealed that age, DB time, TnI, CK-Mb, and LVEF of the 2 

groups did not meet criteria for normal distribution, and thus 
are expressed as the median and interquartile [M (Q)], and the 
difference is expressed by the rank sum test. IPA is expressed 
by mean ± minus standard deviation. The multi-group means 
were compared with the analysis of variance and the pairwise 
comparison used the LSD-t test. Count data are expressed as 
percentages (%). We used the Wilcoxon test for comparison 
of rank count data such as heart function Killip grading, and 
we used the chi-square test for comparison of non-hierarchical 
count data such as sex. The significance level a was set at 0.05.

Results

Clinical data of patients

The results are shown in Tables 1–3. Basic clinical data of 
the 2 groups included sex, age, infarction site, DB time, heart 
function Killip grading, various major risk factors of coronary 
heart disease (e.g., CHD, hypertension, high cholesterol, dia-
betes, and smoking). Angiographic and interventional treat-
ment data included presence of multi-vessel lesions accom-
panied with left main-stem lesion, infarct-related vessel site, 

Basic clinical data
Tic group
(N=64)

Clo group
(N=102)

c2/Z P

Sex
M  52 (81.2)  80 (78.4)

0.192 0.661
F  12 (18.8)  22 (21.6)

Age (years)  67 (15)  67 (12) –0.787 0.431

Infarction site
1  37 (57.8)  52 (51.0)

0.738 0.390
2  27 (42.2)  50 (49.0)

DB Time  80 (19)  80 (16) –1.211 0.226

Hypertension
None  33 (51.6)  49 (48.0)

0.195 0.659
Yes  31 (48.4)  53 (52.0)

High cholesterol
None  33 (51.6)  46 (45.1)

0.659 0.417
Yes  31 (48.4)  56 (54.9)

Diabetes
None  43 (67.2)  71 (69.6)

0.107 0.743
Yes  21 (32.8)  31 (30.4)

Smoke
None  18 (28.1)  36 (35.3)

0.921 0.337
Yes  46 (71.9)  66 (64.7)

Killip grade of 
cardiac function

Grade I  53 (82.8)  83 (81.4)

–0.161 0.872Grade II  6 (9.4)  13 (12.7)

Grade III  5 (7.8)  6 (5.9)

Table 1. Comparison of basic clinical data between the 2 groups [%, M(Q)].
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preoperative TIMI flow, TIMI thrombus grading, and collateral 
blood flow, as well as final angiographic results after removed 
the guiding wire. Clinical data during hospitalization included 
the peak concentrations of cardiac markers TnI and CK-Mb, 
changes in ECG ST-segment at 2 and 24 h after the blood ves-
sel was reopened, and postoperative 1-week LVEF. The differ-
ences between the 2 groups showed no significance.

IPA of the 2 groups

At 1 week after the medication with Tic and Clo, the IPA of 
the 2 groups was detected. The results shown in Figure 1 re-
veal that the total IPA of the Tic group was significantly high-
er than the Clo group (P<0.05).

IPA of the patients with different genotypes

In the Tic group, the genotyping results of the patients with 
CYP2C19 gene were 26 cases of fast metabolism type, 28 cas-
es of middle metabolism type, and 10 cases of slow metabo-
lism type, while in the Clo group there were 44 cases, 44 cas-
es, and 14 cases, respectively. The numbers of IPA cases in the 
3 genotype subgroups in the Tic group were significantly high-
er than in the Clo group (all P<0.05), while there was no statis-
tically significant difference in IPA among the 3 genotype sub-
groups of the Tic group (all P>0.05). In the Clo group, IPA in the 
slow metabolism group was significantly lower than in the fast 
metabolism group and the middle metabolism group (P<0.05), 
while intergroup comparison between the fast metabolism 

Angiographical and interventional data
Tic group
(N=64)

Clo group
(N=102)

c2/Z P

Multivessel lesions
None  29 (45.3)  42 (41.2)

0.275 0.600
Yes  35 (54.7)  60 (58.8)

Combined with left main stem 
lesion

None  58 (90.6)  91 (89.2)
0.085 0.771

Yes  6 (9.4)  11 (10.8)

Infarct-related site

1  39 (60.9)  60 (58.8)

0.673 0.7142  5 (7.8)  12 (11.8)

3  20 (31.2)  30 (29.4)

Preoperative TIMI flow

1  25 (39.1)  33 (32.4)

1.003 0.6062  25 (39.1)  41 (40.2)

3  14 (21.9)  28 (27.5)

TIMI thrombus grade

1  24 (37.5)  34 (33.3)

–0.376 0.7072  25 (39.1)  44 (43.1)

3  15 (23.4)  24 (23.5)

Collateral blood flow
None  43 (67.2)  69 (67.6)

0.004 0.951
Yes  21 (32.8)  33 (32.4)

Table 2. Comparison of angiographical and interventional data of the 2 groups (%).

Clinical data during hospitalization
Tic group
(N=64)

Clo group
(N=102)

Z/c2 P

TnI  95.28 (147.62)  107.82 (151.59) –0.013 0.989

CK-Mb  206.59 (224.56)  184.39 (166.48) –1.188 0.235

Changes of ST 
segment

Increased  22 (34.4%)  39 (38.2%) 2.392 0.302

Decreased  28 (43.8%)  33 (32.4%)

T wave inversion  14 (21.9%)  30 (29.4%)

LVEF (%)  60 (20)  58 (16) –0.586 0.558

Table 3. comparison of clinical data during hospitalization between the 2 groups [M(Q)].
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group and the middle metabolism group showed not signifi-
cant different (P>0.05) (Figure 2).

Tic and Clo groups of patients with MACE events

The ACS patients were administrated Tic and Clo after PCI, then 
clinically followed up for 1 month to observe the occurrence 
of MACE. The results in Table 4 show there were no statisti-
cally significant differences (P>0.05) in rates of myocardial in-
farction, revascularization, and stroke between the 2 groups.

MACE of different genotypes in the 2 groups

Table 5 shows there were no statistically significant differenc-
es in rates of death, myocardial infarction, revascularization, 
and stroke among different genotype subgroups of the Tic 
group. Table 6 shows there was a statistically significant dif-
ference (P<0.05) in the rates of death, myocardial infarction, 
revascularization, and stroke among different genotype sub-
groups of the Clo group. A pairwise comparison showed that 

the MACE rate of the slow metabolism subgroup was signif-
icantly higher than in the fast and middle metabolism sub-
groups (all P<0.05), while there was no statistical significant 
difference in the MACE rate between the latter 2 subgroups 
(P>0.05). The MACE rate in the slow metabolism subgroup of 
the Tic group was significantly lower than that of the Clo group 
(P<0.05) (Tables 5, 6).

Discussion

Clo is a second-generation thienopyridine; as a prodrug, it 
has anti-platelet activity only after it is activated by rela-
tive enzymatic transformation in vivo. Clo is absorbed in the 
small intestine, then combines with ATP and is regulated by 

Figure 1.  IPA comparison of the 2 groups. * Compared with the 
Clo group, P<0.05.
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Figure 2.  IPA comparison of different genotypes of the 2 groups. 
* P<0.05 indicates the difference was statistically 
significant.
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MACE
Tic group
(N=64)

Clo group
(N=102)

c2 P

Death
None  60 (93.8)  92 (90.2)

0.643 0.423
Yes  4 (6.2)  10 (9.8)

Myocardial 
infarction

None  60 (93.8)  92 (90.2)
0.643 0.423

Yes  4 (6.2)  10 (9.8)

Revascularization
None  59 (92.2)  89 (87.3)

0.990 0.320
Yes  5 (7.8)  13 (12.7)

Cerebral stroke
None  58 (90.6)  90 (88.2)

0.232 0.630
Yes  6 (9.4)  12 (11.8)

Table 4. Comparison of MACE between the 2 groups (%).

4933
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

Dong P. et al.: 
CYP2C19 on inhibitory effects of ticagrelor and clopidogrel in patients with ACS
© Med Sci Monit, 2016; 22: 4929-4936

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



the B-1-encoded proton pump P-glycoprotein [10]. After that, 
85% of the prodrug is metabolized in the liver by carboxyles-
terase and forms inactive carboxylic esters, while 15% is cat-
alytically generated by the intermediate products CYP2C19, 
CYP1A2, and CYP2B6, then is metabolized by CYP3A4, CYP2B6, 
CYP2C19, CYP2C9, and paraoxonase and forms the activated 
products [11]. These active products irreversibly antagonize 
P2Y12 and ADP receptor on the platelet surface, thereby in-
hibiting the binding of fibrinogen and glycoprotein GPIIbIIIa 
receptors and affecting platelet aggregation.

The distribution of CYP2C19 gene polymorphism, which is the 
key enzyme regulating the metabolism of Clo, is the most im-
portant factor. At least 20 mutations of CYP2C19 gene have 
been found [12]. CYP2C19 *1 is the wild-type gene with nor-
mal functions; CYP2C19 *2 and CYP2C19 *3 are the common 
genotypes with lost functions and a few relatively rare ones, 

such CYP2C19 *4/5/8, which can lead to the reduction or ab-
sence of CYP2C19 functions. The fast metabolism type (*1/*1) 
carries homozygous CYP2C19 *1 allele; the middle metabolism 
type (*1/*2, *1/*3, *1/*4, *1/*8) carries 1 heterozygous allele 
that loses the CYP2C19 functions and combines with the wild-
type gene; and the slow metabolism (*2/*2, *2/*3, *2/*4, *3/*3) 
carries 2 mutant alleles with functional loss, and is expressed 
as a homozygote-mutant heterozygote. The distributions of 
CYP2C19 vary among ethnic groups in humans [13]. CYP2C19 
*2/*2, CYP2C19 *2/*3, and CYP2C19 *3/*3, which were most 
commonly seen, are defined as the slow metabolism type; their 
incidence in Asians (10–25%) is much higher than in whites 
and Africans [14]. A genotyping study of TRITON-TIMI 38 ob-
served at least 1 subject carrying the CYP2C19 functional-loss 
allele (34%), and the plasma level of active metabolites of Clo 
were decreased by 32.4% compared to the non-carriers. The 
data of the middle metabolism group and the slow metabolism 

MACE
Fast metabolism 

group
(N=26)

Middle metabolism 
group
(N=28)

Slow metabolism 
group
(N=10)

c2 P

Death
None  25 (96.2)  26 (92.9)  9 (90.0)

0.537 0.765
Yes  1 (3.8)  2 (7.1)  1 (10.0)

Myocardial 
infarction

None  25 (96.2)  25 (89.3)  10 (100.0)
2.380 0.304

Yes  1 (3.8)  3 (10.7)  0 (0.0)

Revascularization
None  24 (92.3)  25 (89.3)  10 (100.0)

1.923 0.382
Yes  2 (7.7)  3 (10.7)  0 (0.0)

Cerebral stroke
None  24 (92.3)  24 (85.7)  10 (100.0)

2.756 0.252
Yes  2 (7.7)  4 (14.3)  0 (0.0)

Table 5. MACE of different genotype subgroups of the Tic group (%).

MACE
Fast metabolism 

group
(N=44)

Middle metabolism 
group
(N=44)

Slow metabolism 
group
(N=14)

c2 P

Death
None  42 (95.5)  41 (93.2)  9 (64.3)

9.009 0.011
Yes  2 (4.5)  3 (6.8)  5 (35.7)

Myocardial 
infarction

None  43 (97.7)  41 (93.2)  8 (57.1)
14.863 0.001

Yes  1 (2.3)  3 (6.8)  6 (42.9)

Revascularization
None  42 (95.5)  39 (88.6)  8 (57.1)

11.279 0.004
Yes  2 (4.5)  5 (11.4)  6 (42.9)

Cerebral stroke
None  41 (93.2)  40 (90.9)  9 (64.3)

6.930 0.031
Yes  3 (6.8)  4 (9.1)  5 (35.7)

Table 6. MACE of different genotype subgroups of the Clo group (%).
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group show that the risk of MACE combined with endpoint in 
the patients carrying CYP2C19 allele was increased by 53%, 
and the risk of in-stent thrombosis was also doubled [35], in-
dicating that the CYP2C19 gene polymorphism showed resis-
tance to Clo (clopidogrel resistance, CR).

There are 3 clinically practical methods for treating CR: the first 
is to increase the dose of Clo, including the loading dose and 
the maintenance dose; the second is to combine the applica-
tion of Cilostazol; and the third is to replace other new anti-
platelet drugs. However, a study that increased the Clo load-
ing dose found that when CHD patients carrying genotypes 
CYP2C19 *1*1, CYP2C19 *1*2, and CYP2C19 *2*2 were given 
a 300 mg or 900 mg loading dose of Clo, the platelet reactiv-
ity was changed, but the CYP2C19 *2*2 patients with homo-
zygous mutation exhibited no improvement of platelet reac-
tivity after receiving an increased the loading dose of Clo [15]. 
Another study also that showed increasing the maintenance 
dose of Clo by 2 times or even 3 times did not improve the 
platelet reactivity of patients with YP2C19 *2*2 genotype. 
Cilostazol can inhibit the phosphodiesterase activity inside 
platelets, thus increasing the cAMP concentration of platelets 
and thereby inhibiting ADP-induced platelet aggregation [16]. 
Shim, using the VerfiNow method, proved that the anti-plate-
let triple combination therapy of Cilostazol, aspirin, and Clo 
can significantly reduce the incidence of post-PCI CR [17]. Suh 
also proved that anti-platelet triple combination therapy, which 
was combined with Cilostazol, can improve platelet reactivi-
ty, but showed no significant improvement in incidence of ad-
verse cardiovascular events [18].

Prasugrel is a new anti-platelet drug and third-generation thi-
enopyridine prodrug, which also needs to be metabolized in 
the liver to be transformed into the active metabolites and ex-
ert its anti-platelet effects. Its anti-platelet effects were stron-
ger than those of Clo, but the risk of bleeding was also higher. 
Tic is a new anti-platelet drug; compared with Clo, it had ad-
vantages such as rapid onset of effects, strong activities, and 
rapid recovery after discontinuation. A study has confirmed 
that Tic is better than Clo in reducing the incidence of cardio-
vascular death, myocardial infarction, and stroke in ACS pa-
tients or patients with PCI [19]. A study found that when 98 

patients with stable CHD were given a 300-mg loading dose of 
Clo once, the platelet function screening revealed 41 patients 
with low Clo reactivity, and when randomly administrated Clo 
600 mg/75 mg or Tic 180 mg/90 mg twice a day, the results 
showed that the patients with low Clo reactivity had more ef-
fective and stable platelet inhibition when treatment was re-
placed with Tic instead of high-dose Clo [20].

In metabolism in vivo, Tic can be metabolized by CYP3A4, but 
CYP2C19 does not participate in this metabolism. Wallentin 
collected genetic samples of 10 285 patients from among the 
PLATO participants to analyze the effects of CYP2C19 and 
ABCB1 gene polymorphisms on Tic and Clo, showing that Tic 
was still improved the functional gene deletion results of CR 
patients. In addition, during the treatment, the simultaneous 
application of proton pump inhibitor significantly increased 
the levels of platelet aggregation in the Clo group, while the 
Tic group showed no significant changes, suggesting that Tic 
can effectively solve the CR problem caused by the combina-
tion of proton pump inhibitors [21]. Furthermore, a study by 
Storey used genotype analysis in patients with stable CHD and 
non-ST-segment elevation myocardial infarction, and confirmed 
that the gene polymorphisms of P2Y12 receptor, including the 
mutations of P2RY12, P2RY1, and ITGB3, did not cause Tic to 
inhibit the platelet aggregation [22]. Our study found that the 
oral administration of Clo reduced IPA in the ACS patients with 
CYP2C19 functional loss after PCI, and the clinical prognosis 
might be worse. The oral administration of Tic can overcome 
the influence of genetic polymorphisms on Clo, thus better in-
hibiting platelet aggregation and improving clinical outcomes.

Conclusions

Our study shows that after the ACS patients with CYP2C19 
polymorphism underwent PCI, Tic had better inhibitory effects 
on platelet aggregation compared to Clo, and the use of Tic is 
superior to Clo in emergency interventions.
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