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Abstract: Objectives: The superiority of ticagrelor in acute coronary syndrome (ACS) has been challenged in East 
Asian patients. The aim of this analysis is to determine whether ticagrelor is superior to clopidogrel in East Asian 
patients with ACS. Methods: A meta-analysis that compared ticagrelor with clopidogrel in East Asian patients with 
ACS was performed. Embase, PubMed, and the Cochrane Library were searched for relevant trials with data on the 
primary efficacy endpoints and adverse effects. Results: A total of 4 randomized trials, 1 prospective cohort study, 
and 2 retrospective pilot studies with 5,360 subjects were included in this analysis. Although there was no statisti-
cal significance regarding the primary efficacy endpoints and cardiovascular death (CV death) among the RCTs, 
the superiorities of ticagrelor were shown in combination with the non-RCTs. No difference was found in all-causes 
of death and myocardial infarction (MI), whether regarding the RCT results or the integrated results. There was no 
difference in major bleeding between the 2 agents among the RCTs, but after combination with the non-RCTs, clopi-
dogrel seemed to be better than ticagrelor. Clopidogrel was markedly superior to ticagrelor in terms of all bleeding 
and dyspnea. Conclusions: Ticagrelor did not show an absolute advantage in East Asian patients according to the 
current data from RCTs but seemed to be marginally better than clopidogrel when taking all the trials into account. 
Clopidogrel also did not show a marked superiority in major bleeding in East Asian patients, but significantly de-
creased the incidences of all-cause bleeding and dyspnea. 
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Introduction

The new class of adenosine diphosphate (ADP) 
receptor, the antagonist ticagrelor, has shown 
its characteristic of reversible, direct and fast 
onset of action, and it provides faster, greater, 
and more consistent P2Y12 inhibition [1-3]. In 
the PLATO study [3], treatment with ticagrelor 
(180 mg loading dose and 90 mg twice daily) 
significantly reduced the death rate from vas-
cular causes, myocardial infarction, and stroke 
in patients with acute coronary syndrome, com-
pared with clopidogrel (300 to 600 mg loading 
dose and 75 mg daily). From then on, ticagrelor 
has been recommended as superior to clopido-
grel by several clinical management guidelines 
for P2Y12 inhibition in patients with ACS [4-6]. 
In China, both the guidelines for percutaneous 

coronary intervention and the emergency rapid 
diagnosis and treatment guidelines for acute 
coronary syndrome have also recommended 
ticagrelor over clopidogrel in patients undergo-
ing PCI and in patients with ACS. 

However, more and more data suggest that al- 
though East Asian patients have a higher level 
of platelet reactivity, they seem to have a lower 
rate of ischemic events after PCI compared 
with Caucasians, which is known as the “East 
Asian paradox” [7]. Therefore, the efficacy and 
safety of antiplatelet agents may differ between 
Asian and Caucasian patients. Although the 
PLATO study has shown the tremendous superi-
ority of ticagrelor, only 6% of those enrolled in 
the study were patients from Asia, so it is diffi-
cult to apply the results to other individual 
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national regions, especially East Asia. In the 
PHILO study [8], the investigators enrolled ACS 
patients from Japan, Taiwan and South Korea, 
and the results showed that the rate of the 
composite endpoints (myocardial infarction, 
stroke or death from vascular causes) were 
slightly higher, albeit without statistical signifi-
cance, in the ticagrelor group compared with 
the clopidogrel group. In Chen’s multicenter ret-
rospective pilot study [9], during the half-year 
follow-up, ticagrelor did not show a significant 
effect on the primary efficacy endpoint in the 
overall cohort, but only in the matched cohort, 
ticagrelor showed a lower incidence of primary 
endpoint. Moreover, the study from Korea Acu- 
te Myocardial Infarction Registry-National Ins- 
titute of Health also showed that ticagrelor not 
only didn’t reduce ischemic events, but it incr- 
eased the risk of bleeding complications com-
pared with clopidogrel [10]. Accordingly, it is 
essential for us to pool all of the currently avail-
able comparative data to determine whether 
ticagrelor is superior to clopidogrel in East Asi- 
an patients with ACS. 

Methods

The preferred Reporting Items for systematic 
reviews and meta-analyses of individual partici-
pant data (the PRISMA-IPD) statement was fol-
lowed for the conduct and reporting of this 
meta-analysis [11]. 

Data source, search strategy, and inclusion 
criteria

In order to identify all the studies comparing 
the efficacy and safety of ticagrelor versus clop-
idogrel, EMBASE, PubMed, and the Cochrane 
Library of Trials were carefully searched for 
articles published from January 2009 to May 
2017. The following search terms or key words 
were used alone or in combination: ‘ticagrelor’, 
‘clopidogrel’, ‘AR C124910XX’, ‘P2Y12 inhibi-
tor’, ‘acute coronary syndrome’, ‘myocardial in- 
farction’, ‘Non-ST-elevation myocardial infarc-
tion’, and ‘unstable angina’. 

The inclusion criteria were as follows: (1) com-
parative studies: randomized controlled trials 
RCTs or non-RCTs published in English; (2) 
study population: more than 100 participants 
were included in the study, and the participants 
were from East Asian countries or regions; (3) 
study intervention: the patients in the treat-
ment group received ticagrelor, and the patients 

in the control group received clopidogrel; (4) 
parameters: the primary outcome of major ad- 
verse cardiovascular events (MACE) and adver- 
se events should be given. (5) treatment dura-
tion: no shorter than 6 months. Case reports, 
nonhuman studies, studies without adequate 
information, studies lacking a control group, 
and studies without East Asia patient data were 
excluded in the present meta analysis. 

Data extraction and study quality assessment 

Two investigators (BL and YZ) individually revi- 
ewed the full articles that met the inclusion cri-
teria and extracted the data. The following 
items were extracted from the included stud-
ies: (1) general data: the titles of the included 
articles, first author, publication names, year of 
publication; (2) study design: patient character-
istics, sample size, duration, and methods of 
intervention, type of control, drug dose; (3) out-
come index: mortality rate, and adverse events. 
The Cochrane Collaboration’s tool was followed 
to assess the risk of bias, including: random 
sequence generation, allocation concealment, 
the blinding of the participants and the person-
nel, the blinding of the outcome assessment, 
incomplete outcome data, selective reporting, 
and other sources of bias. 

Data synthesis and statistical analysis

All analyses were performed using RevMan 
software version 5.3. Pooled risk ratios (RR) 
with 95% CIs were presented for dichotomous 
outcomes (e.g. the composite endpoints: death 
from vascular causes, myocardial infarction, or 
stroke, and adverse effects, such as bleeding). 
The results of the included studies were per-
formed with fixed-effect models (Mantel-Haen- 
szel method) [12] or random-effect models in 
cases of significant heterogeneity between es- 
timates [13]. We used the I2 statistics to assess 
the magnitude of heterogeneity: 25%, 50%, 
and 75% represented low, moderate, and high 
degrees of heterogeneity, respectively. The ch- 
oice of the proper effect model was based on 
the analysis results: the fixed effect model was 
used if I2 < 50%, and the random effect model 
was used if I2 ≥ 50% [14].

Results 

Selected studies and baseline characteristics

After initially identifying 11084 potential trials, 
3573 duplicate documents were identified. Of 



Ticagrelor vs. clopidogrel in East Asian patients with ACS

4530 Int J Clin Exp Med 2019;12(5):4528-4539

Figure 1. Flow diagram of the study selection process.
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Table 1. Baselines characteristics of the 7 included trials

Study Type of 
study Follow-up Population

Drug Dose
MACEs definitions Major bleeding definitions

Ticagrelor Clopidogrel
PHILO 2015 RCT 12 months Patients from  

Japanese, Taiwanese 
and South Korean

180 mg loading dose 
and 90 mg twice daily

300 mg loading dose 
and 75 mg once daily

The composite endpoint of 
spontaneous MI, stroke, or 
CV death

Fatal bleeding, intracranial bleeding, intrapericardial 
bleeding with cardiac tamponade, hypovolemic shock 
or severe hypotension due to bleeding and requiring 
vasopressors or surgery, decline in hemoglobin ≥ 5.0 
g/dl, or the need for transfusion of at least 4 units of 
whole blood or packed red blood cells.

PLATO 2015 RCT 12 months East Asian patients 
from South Korea, 
China, and Hong Kong

180 mg loading dose 
and 90 mg twice daily

300 mg loading dose 
and 75 mg once daily 

The composite of death from 
vascular causes, MI, or stroke 

The safety end points consisted of bleeding (PLATO-
defined major bleeding, non-CABG related major 
bleeding, and fatal bleeding).

Tang 2016 RCT 6 months Patients from China A loading dose of 180 
mg prior to PPCI followed 
by 90 mg twice daily for 
one years post-PPCI

A loading dose of 600 
mg prior to PPCI followed 
by 75 mg once daily for 
one year post-PPCI

The composite of overall 
death, MI, unplanned  
revascularization or stroke

Bleeding events defined by the Thrombolysis in 
Myocardial Infarction (TIMI) criteria.

Wang 2016 RCT 12 months Patients older than 
65 years from China

180 mg loading dose 
and 90 mg twice daily

300 mg loading dose 
and 75 mg once daily

The composite of MI, stroke, 
or CV death 

PLATO major bleeding (life-threatening and others).

Chen 2016 A multicenter 
retrospective 
pilot study

164.3 ± 116.4 
days

Patients from Taiwan - - The primary PLATO composite 
efficacy endpoints: death from 
vascular causes, MI, or stroke

The first PLATO-defined and PLATO-adjudicated major 
bleeding event.

Park 2016 A prospective, 
multicenter, 
cohort study

6 months Patients from Korea 180 mg loading dose 
and 90 mg twice daily

300-600 mg loading 
dose and 75 mg once 
daily

The composite of cardiac 
death, non-fatal MI, stroke, 
and clinically-driven target 
vessel revascularization

Thrombolysis in Myocardial Infarction (TIMI) major 
bleeding.

Xin 2017 A retrospective 
study

6 months Patients from China 180 mg loading dose 
and 90 mg twice daily

300 mg loading dose 
and 75 mg or 150 mg 
daily

A composite of death from 
cardiovascular diseases, 
nonfatal myocardial 
infarction, nonfatal stroke, 
in-stent thrombosis and target 
vessel revascularization

TIMI major bleeding: (1) fatal bleeding; (2)intra-
cranial bleeding; (3) intrapericardial bleeding with 
cardiac tamponade; (4) hypovolemic shock or severe 
hypotension due to bleeding and requiring pressors 
or surgery, a decline in the hemoglobin level of 5.0 g 
per deciliter or more.
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endpoints between the treatment of ticagrelor 
and clopidogrel. The heterogeneity test result 
of the 7 studies was calculated as I2 = 52%. 
Therefore, the random effect model was used 
for further analyses. The total results from all of 
the 7 included studies (with a total amount of 
5360 patients) showed that the incidence of 
the primary efficacy endpoints was statistically 
significantly lower in patients with ticagrelor 
compared to patients with clopidogrel [RR = 
0.68, 95% CI (0.49, 0.95), Z = 2.26, P = 0.02] 
(Figure 4). The meta-analysis of the 3 non-RCTs 
(3408 patients) also showed a statistically sig-
nificant reduction in patients with ticagrelor 
compared to patients with clopidogrel [RR = 
0.61, 95% CI (0.44, 0.83), Z = 3.12, P = 0.002], 
but the results of the 4 RCTs (1952 patients) 
did not show the same effect [RR = 0.73, 95%CI 
(0.40, 1.31), Z = 1.06, P = 0.29] (Figure 4).

Then we respectively compared the differences 
of all-causes of death, cardiovascular death, 
and myocardial infarction. With respect to all-

the remaining trials, after a review of the titles 
and abstracts, 7402 documents of animal stu- 
dies, cell studies, reviews, and studies that we- 
re not clinical trials were excluded. The remain-
ing 109 trials were carefully evaluated in detail 
by 2 authors of the present research. In the 
end, 102 trials were excluded, because the par-
ticipants of the trials didn’t meet the criteria we 
set. Finally, a total of 4 eligible RCTs [8, 15-17], 
1 prospective cohort study [10], and 2 retro-
spective pilot studies [9, 18] with 5,360 patients 
were included (Figure 1). All of the selected 
studies were published between 2015 and 
2018 with different patient sample sizes that 
ranged from 200 to 2,754 patients and differ-
ent follow-up periods that ranged from 6 
months to 12 months (the Tables 1 and 2 sum-
marize the study characteristics). The risk of 
bias analysis is shown in Figures 2 and 3.

Primary outcomes

The primary efficacy endpoints: We first com-
pared the difference of the primary efficacy 

Table 2. Number, age and sex of patients of the 7 included trials

Author and year
Number of patients Age Sex (Female, %)

Ticagrelor Clopidogrel Ticagrelor Clopidogrel Ticagrelor Clopidogrel
PHILO 2015 401 400 67 ± 12 66 ± 11 95 (23.7) 93 (23.3)
PLATO 2015 548 558 60 (52, 70) 61 (53, 69) 136 (24.8) 155 (27.8)
Tang 2016 200 200 64.36 ± 11.409 64.18 ± 11.088 58 (29) 54 (27)
Wang 2016 100 100 79 (76-85) 80 (74-86) 31 (31) 34 (34)
Chen 2016 224 224 63.8 ± 13.3 63.7 ± 13.7 45 (20.1) 46 (20.5)
Park 2016 1377 1377 62.30 ± 12.06 62.24 ± 12.53 307 (22.3) 291 (21.1)
Xin 2017 145 61 61.9 ± 11.7 65.0 ± 13.1 46 (31.7) 16 (26.2)

Figure 2. Risk of bias graph: review authors’ judgements about each risk of bias item presented as percentages 
across all included studies. 
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causes of death, the fixed effect model that 
was used for the heterogeneity of the 7 studies 
was calculated as I2 = 0%. The total result inclu- 
ded in all of the 7 studies revealed that there 
was no significant difference in the incidence of 
all-causes of death between ticagrelor and 
clopidogrel [RR = 0.76, 95% CI (0.57, 1.02), Z = 
1.81, P = 0.07] (Figure 5A). The same results 
were also shown in the 3 non-RCTs [RR = 0.78, 
95% CI (0.53, 1.15), Z = 1.25, P = 0.21] and the 
2 RCTs meta-analysis [RR = 0.73, 95% CI (0.46, 
1.16), Z = 1.32, P = 0.19], respectively. 

The incidence of cardiovascular death evaluat-
ed in all of the 7 studies was found to have a 
significant difference [RR = 0.68, 95% CI (0.48, 
0.97), Z = 2.13, P = 0.03] (the fixed effect 
model was used for the heterogeneity of the 7 
studies and was calculated as I2 = 0%), even if 
the data from the RCTs [RR = 0.66, 95% CI 

(0.41, 1.09), Z = 1.63, P = 0.10] and non-RCTs 
[RR = 0.70, 95% CI (0.43, 1.16), Z = 1.38, P = 
0.17] were barely significant (Figure 5B). 

The incidence of another important end point, 
myocardial infarction, was also evaluated in 7 
studies, and the random effect model used for 
the heterogeneity of the 4 RCTs was calculated 
as I2 = 62%. There was no statistically signifi-
cant difference between ticagrelor and clopido-
grel in the total result of the 7 studies [RR = 
0.73, 95% CI (0.44, 1.22), Z = 1.20, P = 0.23], 
as were in RCTs [RR = 0.75, 95% CI (0.33, 1.70), 
Z = 0.69, P = 0.49] and in non-RCTs [RR = 0.66, 
95% CI (0.35, 1.23), Z = 1.30, P = 0.19] (Figure 
5C). 

Safety endpoints: Among all of the studies, the 
primary safety endpoints were determined as 
total major bleeding and all bleeding, and dys-
pnea received more attention among all of the 
adverse effects. When we analyzed the data of 
all bleeding, all of the total 7 included studies 
[RR = 1.71, 95% CI (1.39, 2.09), Z = 5.16, P < 
0.00001], 4 RCTs [RR = 1.75, 95% CI (1.28, 
2.39), Z = 3.53, P = 0.0004] and 3 non-RCTs 
[RR = 1.68, 95% CI (1.28, 2.19), Z = 3.773, P = 
0.0002], showed the same result: ticagrelor 
significantly increased the incidences of bleed-
ing compared to clopidogrel (Figure 6A). The 
meta-analysis of all the 6 included studies 
showed that the incidence of major bleeding 
was statistically significantly lower in patients 
with clopidogrel compared to patients with 
ticagrelor [RR = 1.52, 95% CI (1.08, 2.15), Z = 
2.38, P = 0.02]. However, neither the 4 RCTs 
[RR = 1.47, 95% CI (1.01, 2.16), Z = 1.99, P = 
0.05] nor the 2 non-RCTs [RR = 1.2, 95% CI 
(0.3, 4.79), Z = 0.25, P = 0.80] showed the sa- 
me significant difference (Figure 6B). In accor-
dance with the expectation, both the total re- 
sult and the 2 RCTs result showed that ticagre-
lor significantly increased the incidence of dys-
pnea compared to clopidogrel [respectively: OR 
= 2.26, 95% CI (1.58, 3.21), Z = 4.51, P < 
0.00001; OR = 2.47, 95% CI (1.52, 4.01), Z = 
3.66, P = 0.0002] (Figure 6C). 

Discussion

Clopidogrel resistance is considered to exist 
widely in patients with ACS or those undergoing 
PCI treatment. As reported, 22% of patients 
undergoing PCI treatment were shown to be 
clopidogrel nonresponders (platelet aggrega-

Figure 3. Risk of bias summary: review authors’ 
judgements about each risk of bias item for each in-
cluded study.
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tion of < 10% after administrated with clopido-
grel), 32% were low responders (platelet aggre-
gation of < 30%), and 47% were responders 
(platelet aggregation of ≥ 30%) [19]. And the pa- 
tients with clopidogrel resistance had increased 
risks for recurrent cardiovascular events [20]. 
The studies that adjusted the dose of clopido-
grel to a high-dose according to CYP2C19*2 
alleles demonstrated that high-dose clopido-
grel still could not overcome clopidogrel resis-
tance in the CYP2C19*2 carriers [21]. 

Then, with the appearance of ticagrelor, it dis-
played a reversible, direct-acting characteristic 
and could provide a faster, greater, and more 
consistent platelet inhibitory effect. In the Plato 
study, ticagrelor was proven to be the favored 
choice compared with clopidogrel in ACS pati- 
ents, for it significantly decreased the incidenc-
es of both the primary and the secondary end 
points (P < 0.001 and P = 0.005, respectively), 
without any significant differences in major 
bleeding. Based on the study, ticagrelor is rec-
ommended by several clinical management 
guidelines for P2Y12 inhibition in patients with 
ACS, as well as the guidelines in China. However, 
in March 2015, in the subgroup analysis of East 
Asian patients, a series of different results 
were published: the rates of efficacy end points 
(ticagrelor vs. clopidogrel: 8.3% and 10.3%), 
major bleeding (ticagrelor vs. clopidogrel: 8.0% 
and 5.6%) and net clinical benefit (ticagrelor vs. 

clopidogrel: 12.2% and 15%). Although ticagre-
lor decreased the incidence of primary efficacy 
end points, it increased the hazard of major 
bleeding and seemingly decreased the net clini-
cal benefit. Then, in November 2015, another 
randomized, double-blind PHILO study was 
published, and the results also suggested that 
ticagrelor treatment increased the primary effi-
cacy end points (ticagrelor vs. clopidogrel: 9.0% 
and 6.3%) and major bleeding (ticagrelor vs. 
clopidogrel: 10.3% and 6.8%), albeit not signifi-
cantly. Both the results above reminded us that 
differences in thrombogenesis as well as the 
responses to anti platelet agents according to 
ethnicity should not be ignored. Lately, with the 
institution of the concept of the “East Asian 
Paradox” [7], ample evidence has been accu-
mulated and suggests that although more East 
Asians carry the CYP2C19 loss-of-function 
allele and have a higher level of platelet reactiv-
ity compared with Caucasians [22], East Asians 
may have similar or even lower rates of post-
PCI ischemic event occurrence [23, 24]. Alth- 
ough we still have no idea of the underlying 
mechanisms, we have found that the degree of 
platelet inhibition with P2Y12 inhibitors is high-
er in East Asian patients than in white patients. 
After the administration of ticagrelor, the expo-
sure of ticagrelor and its major active metabo-
lite (AR-C124910XX) was 40% and 48% higher 
in Japanese volunteers than in white volun-

Figure 4. Forest plots depicting the comparison of ticagrelor and clopidogrel on the primary efficacy endpoints.
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teers, which correlated with a higher level of 
platelet inhibition. 

Recently, 2 meta-analyses were published co- 
mparing the efficacy and safety of ticagrelor 
with clopidogrel in East Asian patients with 
ACS, which only enrolled 2 and 3 studies res- 
pectively [25, 26]. Compared with these stud-
ies, the present meta-analysis, which enrolled 
4 RCTs, 2 retrospective studies and 1 perspec-
tive study, was comprised of both randomized 
controlled trials and real world studies and cov-
ered all of the current, relevant studies. The pri-
mary efficacy endpoints, mainly including the 
composite endpoints of MI, stroke, or CV death, 
were chosen as the primary outcome measure 
in our meta-analysis. Generally, the confirma-
tion of the conclusion mainly depends on the 
results from the enrolled RCT. We did not find a 
significant difference in the reduction on MA- 
CEs of ticagrelor in the pooled analysis of RCT. 
However, there were signals towards a poten-
tial benefit of ticagrelor over clopidogrel if we 
also considered the non-randomized data. 
Simultaneously, the data on the topic of cardio-
vascular death revealed a similar result that 
although neither the RCTs nor the non-RCTs 
showed a significant difference between ticag- 
relor and clopidogrel, the merged result showed 
a statistical significance. As for the incidences 
of MI and all-causes of death, no statistical sig-
nificance was shown in either the the segrega-
tive analysis of the RCTs or the non-RCTs, nor in 
the merged analysis. To our surprise, the results 
from the 2 RCTs from China seemed to have 
the opposite propensity in contrast to the re- 
sults of the PLATO and PHILO trials. Although 
we don’t believe that there is still a marked dif-
ference of ticagrelor treatment among the East 
Asian countries, the results at least reminded 
us that there is a great deal of controversy and 
larger trials comparing ticagrelor and clopido-
grel are needed.

Bleeding was seen as the most important 
adverse complication of DAPT, and the differ-
ences in the propensity for bleeding between 
the East Asian and white populations have also 
drawn our attention. In contrast to ischemic 

events after PCI, the risk incidence of serious 
bleeding in East Asian patients seems to be 
more serious [27]. In a study comparing throm-
botic and thrombolytic status in Japanese and 
Western populations, marked differences were 
found, with the Japanese being less prothrom-
botic but having a less thrombolytic profile [28]. 
In another study to assess the association of 
high-responsiveness to antiplatelet therapy and 
bleeding risk, they found that major bleeding 
occurred more frequently in high-responders 
with no reduction in adverse cardiac events 
[29]. The present analysis summarized all of 
the studies and found that all of the results 
showed a trend that ticagrelor increased the 
bleeding risk, with the P value < 0.00001 (all bl- 
eeding) and = 0.02 (major bleeding). Meanwhile, 
the complication of dyspnea was also markedly 
increased and it might be another limitation of 
ticagrelor. 

Our main findings can be summarized as fol-
lows: 1. Although no difference in the primary 
efficacy end points between ticagrelor and 
clopidogrel treatments was found in the RCTs, 
ticagrelor was better when pooled the other 
observational studies. 2. The incidences of MI, 
all-causes of death and CV death still showed 
no difference between the ticagrelor and clopi-
dogrel treatments. Only after combining the 
RCTs and non-RCTs did ticagrelor show superi-
ority in CV death. 3. Ticagrelor significantly 
increased the risk of bleeding and dyspnea. 4. 
In consideration of the underlying trend of 
ticagrelor vs. clopidogrel in the primary efficacy 
end points and the slight change of the P value 
of major bleeding, larger trials enrolling more 
East Asian patients should be undertaken. 
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