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Aim: To determine whether ticagrelor or clopidogrel provides the best outcomes for East-Asian patients
with acute coronary syndrome (ACS). Materials & methods: Identification and interrogation of electronic
databases through 26 July 2016 revealed fully randomized and controlled trials wherein primary efficacy
end points were major adverse cardiovascular events and all-cause death among East-Asian patients with
ACS. Major bleeding and noncoronary artery bypass grafts major bleeding were primary safety end points.
Results: Two studies met the inclusion criteria. Compared with clopidogrel, ticagrelor has no statistical
difference in the end points of major adverse cardiovascular events (risk ratio [RR]: 1.08; 95% CI: 0.62–
1.91; p = 0.7260), myocardial infarction (RR: 1.200; 95% CI: 0.64–2.24; p = 0.5669), stroke (RR: 1.11; 95% CI:
0.46–2.66; p = 0.8165), cardiovascular death (RR: 0.89; 95% CI: 0.48–1.65; p = 0.7150), or all-cause mortality
(RR: 0.92; 95% CI: 0.43–1.96; p = 0.8252). When compared with clopidogrel, it was found that ticagrelor
provoked marked increases in major bleeding (RR: 1.48; p = 0.0430) and noncoronary artery bypass grafts-
associated major bleeding (RR: 1.62; p = 0.0454). Conclusion: Ticagrelor and clopidogrel displayed similar
efficacies in ACS presenting patients from East Asia. Administration of ticagrelor also displays some side
effects including an increased risk of major bleeding.
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Rapid transitions of disease burden are currently progressing and observed throughout China. Major noncommu-
nicable diseases have contributed to substantially greater number of lost years of life in 2013 as compared with 1990
and these diseases include ischemic cardiovascular disease (CVD), stroke and cancer [1]. In the Asia-Pacific region,
acute coronary syndrome (ACS) is a leading cause of death [2]. According to the 2014 Chinese report on CVD,
CVD-associated mortality is approximately 44.8% in rural areas and approximately 41.9% in urban areas [3]. An
increasing trend in the incidence of ACS has been previously reported [3]. The sharp increase in the incidence of
ischemic heart disease has resulted in an overutilization of percutaneous coronary intervention (PCI) and coronary
catheterization. Using a combination of clopidogrel and aspirin as antiplatelet therapy has rapidly established itself
as the cornerstone of the clinical management of ACS or in patients following PCI [4].

As a prodrug, clopidogrel requires two-step metabolism to modify its functional structure to the active form
that serves to irreversibly block the platelet adenosine diphosphate (ADP) P2Y12 receptor. As a newly developed
antiplatelet agent, ticagrelor noncompetitively blocks ADP-induced receptor signaling or ADP-binding due to its
capacity to occupy the P2Y12 receptor [5,6]. In the multicenter Phase III PLATO trial, the clinical efficacy and
toxicological safety profile were compared between ticagrelor and clopidogrel in patients that presented with ACS.
Ticagrelor showed lower primary composite end points as compared with clopidogrel (9.8 vs 11.7%; p < 0.001),
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which included death due to CVD, stroke and myocardial infarction (MI). The results also showed that secondary
end points had also markedly improved following therapy with ticagrelor [7,8], including MI (5.8 vs 6.9%; p = 0.05),
death due to CVD (4.0 vs 5.1%; p = 0.001) and all-cause mortality (4.5 vs 5.9%; p < 0.001). The European
Society of Cardiology and the American Heart Association/American College of Cardiology have updated their
guidelines for the clinical management and therapy of patients with non-ST-elevated ACS and have done so by
recommending ticagrelor administration as a key component of administered dual antiplatelet agents [9]. This is
also a key therapeutic strategy that is recommended by cardiologists in East Asia [10]. However, an increasing body
of data indicates that the East-Asian population that present with ACS or undergo PCI display highly variable
risk profiles for bleeding and thrombophilia when compared with the Western population and a dissimilar platelet
reactivity following PCI or ACS (the ‘East-Asian Paradox’) [11–13]. Therefore, East-Asian specific evidence is clearly
warranted before firm decision is made to adopt the Western treatment strategies for P2Y12 inhibitors in East-Asian
patients.

To replace the ‘one-guideline-fits-all races’ with ‘race-tailored antiplatelet therapy’ in the clinical management of
ACS patients, we carried out a meta-analysis to examine with the overarching goal of determining the efficacy and
safety of ticagrelor and clopidogrel in the East-Asian patients presenting with ACS.

Methods
Search strategy
This meta-analysis was conducted by following the methods that were previously described in the Cochrane
Handbook and the preferred reporting items for systematic reviews and meta-analyses (PRISMA) [14]. Seven
databases were independently searched by two investigators (B Wu and H Lin) until 26 July 2016 and included
PubMed, Web of Science, EMBASE, The Cochrane Library, VIP, the Wanfang Database and the China National
Knowledge Infrastructure (CNKI). Clinical trials were also searched at ClinicalTrials.gov and chictr.org.cn. The
following provides an example of the search strategy used in our study: ‘clopidogrel’ AND (‘ticagrelor’ OR
‘AZD6140’) AND (‘acute coronary syndrome’ OR ‘unstable angina’ OR ‘myocardial infarction’ OR ‘percutaneous
coronary intervention’) combined with ‘trial’. Furthermore, the reference list of eligible reports were cross-checked
to the Google Scholar database to confirm that all appropriate studies were included. In addition, a manual search
of all references extracted from the original studies was conducted in an attempt to identify additional published
reports.

The current study represents a synthesis of a detailed analysis of the published data. Consequently, ethics
committee approval was not needed for this study and was not sought.

Study selection
To obtain valid studies for this meta-analysis, the following preselected criteria were established: prospective
randomized controlled trials (RCT); patients of East-Asian origin (including China, Taiwan, Macao, Hong Kong,
South and North Korea, Japan, and Mongolia); clinical trials that compared ticagrelor with clopidogrel; follow-
up time greater than or equal to 1 year [15]; and articles with available previously published data for at least
one of the following outcome measures: major adverse cardiovascular event (MACE), MI, stroke, vascular death,
all-cause death, major bleeding and major bleeding events that were associated with noncoronary artery bypass
grafts (CABG). No specific restrictions involving language or publication year were applied. Irrelevant studies were
excluded by scanning the titles and abstracts.

The exclusion criteria included the following: repetitive publications; analyses confined to specific subgroups of
ACS population; reviews, case reports and case-only reports; studies of animal or cell cultures in vitro; and absence
of ethical information.

Data extraction
All of the retrieved titles and abstracts for eligibility were inspected by two independent authors (i.e., H Lin and RG
Tobe). Any disagreements and discrepancies in the analysis of the results were resolved by iteration and consensus.
Duplicated reports, including those studies that used the same participant cohorts were excluded. The following
information was obtained from every eligible report: name of the first author; publication year; country of origin;
study design; number of participants; age of patients; completeness of the follow-up; and results of the clinical
outcomes.
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Quality assessment
The Jadad composite score was used for studying quality evaluation. This system scores a research article according
to the descriptions of randomization (2 points), blinding (2 points) and attrition information (1 point). A score of
≥3 points suggests that the study was ‘high quality’; and a score of ≤2 points suggests that the study was of ‘low
quality’ [16].

Data synthesis
All-cause death (death), MACEs, MI, death due to CVD, stroke, major bleeding and major bleeding that was
associated with non-CABG were the primary outcomes. MACEs were referred to as a composite end point,
including death due to CVD, stroke and MI [17]. The pooled relative risks (RRs) with 95% CI between ticagrelor
and clopidogrel were calculated to establish the effect sizes using MetaXL version 5.3 statistical software (EpiGear
International Pty Ltd, Wilston, Australia). We assessed heterogeneity among studies by Cochran’s Q test and the
I[2] statistic [18]. We indicated substantial and significant heterogeneity as follows: I[2] >50% and p < 0.05 [19]. We
employed fixed-effect models in the case of low heterogeneity (I[2] <30%). Otherwise, we chose random effects
models. Begg’s tests examined publication bias [19,20]. An α value of p < 0.05 was deemed significant. All statistical
tests were two-tailed. A funnel plot was created when the number of included reports was ≥10.

Results
Study selection
A total of 1265 literature citations were retrieved, including 941 potentially relevant studies (Figure 1). Of these,
119 publications were filtered to the final analysis for detailed evaluation by retrieving the full text. Finally, we
included two articles in the meta-analysis.

Study characteristics
Two RCT studies enrolled 1352 participants matching the inclusion criteria including 679 participants that were
designated to the ticagrelor treatment group and 673 participants that were designated to the clopidogrel treatment
group [21,22]. The characteristics of the included studies are shown in Table 1. No significant publication bias was
indicated by Begg’s test. The quality of the trials was high (Table 1).

Meta-analysis
The risk of MACE (Figure 2) following treatment with ticagrelor was not statistically significant when compared
with clopidogrel (8.69 vs 7.88%; RR: 1.08; 95% CI: 0.62–1.91; p = 0.7260). There was also no significant
difference in MI (5.3 vs 4.3%; RR: 1.20; 95% CI: 0.64–2.24; p = 0.5669), stroke (1.62 vs 1.49%; RR: 1.11;
95% CI: 0.46–2.66; p = 0.8165) and death from CVD (2.80 vs 3.12%; RR: 0.89; 95% CI: 0.48–1.65; p = 0.7150),
respectively (Figure 3). Similarly, the end point of all-cause mortality was not statistically different between ticagrelor
and clopidogrel (2.94 vs 3.27%; RR: 0.92; 95% CI: 0.43–1.96; p = 0.8252). In addition, treatment with ticagrelor
induced a significant increase in major bleeding (9.4 vs 6.3%; RR: 1.48; 95% CI: 1.01–2.16; p = 0.0430) and
non-CABG related major bleeding (6.49 vs 4.01%; RR: 1.62; 95% CI: 1.01–2.60, p = 0.0454; Figure 4).

Discussion
This meta-analysis extends prior analyses when considering the choice between ticagrelor and clopidogrel treatment
in East-Asian populations that present with ACS. The pooled results from both selected trials representing more
than 1400 patients improved the significance of the findings. As a validation design of the PLATO trial, the PHILO
study enrolled patients from Japan, South Korea and Taiwan with the intent of exploring the consistency of the
effects of ticagrelor in the PLATO study. Therefore, the meta-analysis findings have implications for treatment
strategies in East-Asian populations presenting with ACS.

The results showed similar efficacy of MACE between the clopidogrel and the ticagrelor treatment group among
East-Asian patients. We also found similar results or outcomes for MI, stroke, death from CVD and all-cause
mortality. To our knowledge, the current meta-analysis is the first of its kind to establish the efficacy of ticagrelor
when directly compared with clopidogrel in the setting of ACS, which was made possible by pooling the RCT
data in East-Asian populations. Our finding was inconsistent when compared with other meta-analyses that
showed outcomes with new oral antiplatelet treatment strategies with prasugrel or ticagrelor was associated with a
notable decrease in mortality, MI and in-stent thrombosis in Western patients [23–26]. This discrepancy could be
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Table 1. Basic characteristics of included studies.
Variables PLATO East Asia† PHILO

Trial design Multicenter, randomized, controlled
and double-blind trial

Multicenter, randomized, controlled and
double-blind trial

Sample size (n) Study drug 278 401

Control drug 273 400

Intervention in control group Clopidogrel 300–600 mg loading dose
and 75 mg b.i.d. daily

Clopidogrel 300 mg loading dose and
76 mg b.i.d. daily

Intervention in study group Ticagrelor 180 mg loading dose and
90 mg b.i.d. daily

Ticagrelor 180 mg loading dose and
91 mg b.i.d. daily

Age (years) Study drug 60 67

Control drug 61 66

Female (%) Study drug 24.8 23.7

Control drug 27.8 23.3

ACS type (%)

Unstable angina Study drug 13.1 29.7

Control drug 16 27.3

Non-ST-segment elevation MI Study drug 38.1 16.5

Control drug 35.2 18.5

ST-segment elevation MI Study drug 45.6 51.1

Control drug 45.4 52.5

Medical and surgical history (%)

Angina pectoris Study drug 44.5 25.4

Control drug 45 27.5

MI Study drug 12 8.2

Control drug 17.7 7.8

Prior PCI Study drug 7.9 11.2

Control drug 7.9 10.5

Prior CABG Study drug 1.3 1.2

Control drug 2 0.3

Prior TIA Study drug 1.3 1.5

Control drug 2.2 2.8

Peripheral artery disease Study drug 0.7 3.2

Control drug 1.6 3.5

Chronic renal disease Study drug 4.4 4.5

Control drug 4.3 5

Diabetes mellitus Study drug 28.7 38.4

Control drug 30.1 31.1

Hypertension Study drug 60.2 76.1

Control drug 62.4 72.5

Dyslipidemia Study drug 31 78.3

Control drug 35.1 72.3

Ethnic group (%)

Chinese Study drug N/A 4

Control drug N/A 4.8

Japanese Study drug N/A 90

Control drug N/A 90

Korean Study drug N/A 5.7

Control drug N/A 5.3

Primary outcome Composite of cardiovascular death,
myocardial infarction and stroke

Composite of cardiovascular death,
myocardial infarction and stroke

Jadad score 5 5

†Data derived from the whole Asian cohort
ACS: Acute coronary syndrome; CABG: Coronary artery bypass graft; MI: Myocardial infarction; PCI: Percutaneous coronary intervention; TIA: Transient ischemic attack.
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Figure 1. Flowchart outlining the study selection.
ACS: Acute coronary syndrome; RCT: Randomized controlled trial.

explained by the variation in the risk for thrombosis as a function of racial/ethnic diversity. Several studies have
shown similar or lower risks of adverse ischemic outcomes or stent thrombosis after PCI in East-Asian patients as
compared with Caucasians [27,28]. Based on the Texas (US) Heart Institute Research Database (THIRDBase) and
the Coronary Revascularization Demonstrating Outcome (CREDO-Kyoto) registries, a recent study has found that
Japanese patients manifested notably better survival outcomes than US patients after coronary revascularization
when grouped by ethnicity (e.g., Hispanics: hazard ratio [HR]: 1.53; 95% CI: 1.22–1.93; Caucasians: HR: 1.56;
95% CI: 1.35–1.79; African–Americans: HR: 2.03; 95% CI: 1.62–2.56), except for Asian–Americans (HR: 0.84;
95% CI: 0.38–1.89) [29]. The genetic polymorphisms among ethnicities, which include prothrombin (G20210A)
and factor V Leiden (G1691A) gene mutations, might partially account for this variation [30]. The different risk
profiles for thrombosis in East-Asian patients as compared with Western patients might need to be demonstrated
in the first instance to indicate a statistical difference with sufficient power between ticagrelor and clopidogrel. This
is because the sample size of clinical trials conducted in East-Asian patients might need to be larger than in Western
patients. Also, the outcomes might be different from those that have been found in Western patients.
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PLATO East Asia

Ticagrelor

Total Event Total Event

Clopidogrel

Risk ratio [95% Cl]
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28

Favor ticagrelor Favor clopidogrel

401 400

Random-effects model for all studies

Test for heterogeneity: I-squared = 59.54%, tau-squared = 0.0991, p-value = 0.1159

End point: MACEs

PHILO

Study name

Figure 2. Forest plots of major adverse cardiovascular events in trials of ticagrelor as compared with clopidogrel in East-Asian patients
with coronary artery disease.
MACE: Major adverse cardiovascular event.

The safety of P2Y12 inhibitors is a concern among clinicians and patients, especially with respect to major bleeding.
Other meta-analyses found no significant increase in bleeding complications [23–26]. However, the populations
included in those meta-analyses were mostly derived from the Western population. The current analysis focused on
East-Asian patients. It showed that ticagrelor had a 48% increased risk of major bleeding events and a 62% increased
risk of non-CABG major bleeding events when compared with clopidogrel, (p < 0.05), which is not in line with
the above meta-analyses. Based on the Korea Acute Myocardial Infarction Registry, one recent report also found
that ticagrelor did not decrease the risk of ischemic events, however, was associated with increased risk of bleeding
complications in comparison with clopidogrel [31]. This difference could be explained by the propensity for bleeding
between East-Asian and Caucasian populations. The threshold of antiplatelet therapy for Asian populations is two-
to five-times higher than that found in the general US population because of a higher estimated incidence of
hemorrhagic stroke following aspirin treatment (1.14 in the Japanese population vs 0.37 in the USA per 1000
person-years) [31]. The ACCEL-BLEED study tested the relationship between bleeding and platelet function in
East-Asian patients undergoing PCI. This study showed that East Asians had a higher cut-off value of platelet
reactivity that was associated with bleeding than previously reported in the general Western population [32].

Pharmacokinetic studies showed that active metabolite exposure rates in Asian patients were higher (nearly
20–30%) and pharmacodynamic responses were stronger than their Caucasian counterparts under conditions
when the same oral doses of the new P2Y12 inhibitors were administered [33,34], which indicated a lower dose of
ticagrelor might be reasonable in East-Asian patients presenting with ACS [12]. Currently, Japanese cardiologists
have reduced the dose of clopidogrel to decrease the appearance of bleeding complications [12]. However, Chinese
and South Korean physicians largely follow the ACC/AHA guidelines when managing their patients with ACS. The
recommended doses of antiplatelet drugs are generally similar to those of the ACC/AHA. In East Asians, a rational
dose of P2Y12 inhibitors should be explored due to their excessive inhibition of platelet function. An open-label trial
showed that low-dose ticagrelor exhibited similar antiplatelet efficacy when compared with standard-dose ticagrelor
in healthy Chinese volunteers [35], although this observation needs to be explored further to determine whether it
could be applied to ACS patients.

The following describe the strengths of the current meta-analysis and include: comprehensive literature review;
strict inclusion and exclusion criteria; specificity on East-Asian patients; the most up-to-date study; and robustness
of the results. By pooling the clinical efficacy and safety end points, the potential utility of ticagrelor was adequately
evaluated in East-Asian patients using ACS at the current time-point.

The limitations associated with this analysis includes the absence of individual data preventing an assessment of
the association between individual variables and study outcomes. Further, only two studies with a relatively small
sample size were included in our meta-analysis, which might have a potential impact on the detection of differences

286 J. Comp. Eff. Res. (2018) 7(3) future science group



Meta-analysis of antiplatelet therapy Systematic Review

PLATO East Asia

Ticagrelor

Total Event Total Event

Clopidogrel

278 27312

24 15

14

401 400

Random-effects model for all studies

Test for heterogeneity: I-squared = 38.72%, tau-squared = 0.0793, p-value = 0.2014

End point: MI

PHILO

Study name Risk ratio [95% Cl]

0.10 1.00

0.84 [0.40, 1.79]

1.60 [0.85, 3.00]

1.20 [0.64, 2.24]

10.00

Favor ticagrelor Favor clopidogrel

PLATO East Asia

Ticagrelor

Total Event Total Event

Clopidogrel

278 2732

9 6

4

401 400

Fixed-effects model for all studies

Test for heterogeneity: I-squared = 18.21%, tau-squared = 0.1130, p-value = 0.2688

End point: stroke

PHILO

Study name Risk ratio [95% Cl]

0.05 0.25 1.00 10.00

0.49 [0.09, 2.66]

1.50 [0.54, 4.16]

1.11 [0.46, 2.66]

Favor ticagrelor Favor clopidogrel

PLATO East Asia

Ticagrelor

Total Event Total Event

Clopidogrel

278 27310

9 7

14

401 400

Fixed-effects model for all studies

Test for heterogeneity: I-squared = 0.00%, tau-squared = 0, p-value = 0.3478

Random-effects model for all studies

Test for heterogeneity: I-squared = 34.33%, tau-squared = 0.1038, p-value = 0.2172

End point: death from vascular causes

End point: all-cause mortality

PHILO

Study name

PLATO East Asia

Ticagrelor

Total Event Total Event

Clopidogrel

278 27310

10 7

15

401 400PHILO

Study name

Risk ratio [95% Cl]

Risk ratio [95% Cl]

0.10 1.00 10.00

0.70 [0.32, 1.55]

0.65 [0.30, 1.43]

1.43 [0.55, 3.71]

0.92 [0.43, 1.96]

1.28 [0.48, 3.41]

0.89 [0.48, 1.65]

Favor ticagrelor Favor clopidogrel

0.10 1.00 10.00

Favor ticagrelor Favor clopidogrel

Figure 3. Results of clinical effectiveness. Forest plots of (A) MI, (B) stroke, (C) death from vascular causes and (D) all-cause mortality in
trials of ticagrelor versus clopidogrel in patients with coronary artery disease.
MI: Myocardial infarction.
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Figure 4. Results of clinical safety. Forest plots of (A) major bleeding and (B) non-CABG-related major bleeding from vascular causes in
trials of ticagrelor as compared with clopidogrel in patients presenting with coronary artery disease.
CABG: Coronary artery bypass graft.

in adverse cardiovascular events that might be associated with ticagrelor and clopidogrel among East-Asian patients.
Well-designed clinical trials are clearly needed. In view of the foregoing concerns described above, the conclusion
described below should be treated with some caution.

Conclusion
The present meta-analysis showed that ticagrelor was related to a marked increase in major bleeding among East-
Asian patients that presented with ACS when compared with clopidogrel. The efficacy of reducing the risk of major
ischemic events was similar when comparing the effects of ticagrelor with clopidogrel.

Future perspective
The two antiplatelet agents and their treatment patterns should be carefully selected by carefully assessing the
potential health benefits and toxicological safety profile of the agents. With further consideration of the relatively
lower daily cost of clopidogrel as compared with ticagrelor, the preferred use of clopidogrel is strongly recommended
for East-Asian patients that present with ACS. However, due to the limitation of current available data, especially
high-quality studies among East-Asian population, further studies are needed to compare the efficacy and safety
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outcomes that might be associated with ticagrelor and clopidogrel in East-Asian populations. Appropriate doses of
these drugs should also be further evaluated in high-quality dose-ranging studies.

Executive summary

Background
• Antiplatelet therapy is the cornerstone of the clinical management of acute coronary syndrome. However, there

is a paucity of East-Asian-specific evidence.

• A meta-analysis was performed to summarize clinical study results for two antiplatelet agents, ticagrelor and
clopidogrel in the East-Asian population.

Results
• Systematic literature search (until 26 July 2016) yielded 1265 results; two studies were included for review.

• Compared with clopidogrel, ticagrelor has no statistical difference in the end points of major adverse
cardiovascular events (risk ratio [RR]: 1.08; 95% CI: 0.62–1.91; p = 0.7260), myocardial infarction (RR: 1.200;
95% CI: 0.64–2.24; p = 0.5669), stroke (RR: 1.11; 95% CI: 0.46–2.66, p = 0.8165), cardiovascular death (RR: 0.89;
95% CI: 0.48–1.65; p = 0.7150) or all-cause mortality (RR: 0.92; 95% CI: 0.43–1.96; p = 0.8252).

• It was found that ticagrelor provoked marked increases in major bleeding (RR: 1.48; p = 0.0430) and noncoronary
artery bypass grafts-associated major bleeding (RR: 1.62; p = 0.0454).

Conclusion
• Results of this meta-analysis showed that ticagrelor and clopidogrel displayed similar efficacies in acute coronary

syndrome presenting patients from East Asia. Administration of ticagrelor also displays some side effects
including an increased risk of major bleeding.
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