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BACKGROUND It is still unknown whether diabetes mellitus (DM) affects the relative safety and efficacy of ticagrelor

vs clopidogrel in East Asian patients with acute coronary syndrome (ACS).

OBJECTIVES The authors sought to assess the safety and efficacy of ticagrelor vs clopidogrel according to the diabetic

status of East Asian patients with ACS undergoing invasive management.

METHODS This prespecified analysis of the TICA KOREA (Clinically Significant Bleeding With Ticagrelor Versus Clopi-

dogrel in Korean Patients With Acute Coronary Syndromes Intended for Invasive Management) trial included 800 Korean

patients. The primary safety endpoint was clinically significant bleeding (PLATO [Platelet Inhibition and Clinical Out-

comes] major or minor bleeding) at 12 months; the efficacy endpoint was major adverse cardiovascular events (cardio-

vascular death, myocardial infarction, and stroke).

RESULTS Of 800 patients, 216 (27.0%) had DM. The incidence of clinically significant bleeding within 12 months was

significantly higher with ticagrelor than clopidogrel in the nondiabetic group (10.2% vs 4.3%; HR: 2.45; 95% CI: 1.27-

4.70; P ¼ 0.007) and tended to be higher in the diabetic group (13.8% vs 8.0%; HR: 1.87; 95% CI: 0.54-4.36; P ¼ 0.15);

there was no significant interaction between treatment-arm and DM (P for interaction ¼ 0.64). The incidences of major

adverse cardiovascular events were not significantly different after ticagrelor or clopidogrel both in the diabetic group

(10.8% vs 6.0%; HR: 1.90; 95% CI: 0.71-5.07; P ¼ 0.20) and in the nondiabetic group (8.5% vs 5.7%; HR: 1.51; 95% CI:

0.81-2.81; P ¼ 0.19) without significant interaction (P-for-interaction ¼ 0.71).

CONCLUSIONS In Korean ACS patients undergoing early invasive management, diabetes status did not affect

the relative safety and efficacy of ticagrelor and clopidogrel. (Safety and Efficacy of Ticagrelor Versus Clopidogrel in

Asian/Korean Patients With Acute Coronary Syndromes Intended for Invasive Management [TICA KOREA];

NCT02094963) (JACC: Asia 2022;2:666–674) © 2022 The Authors. Published by Elsevier on behalf of the American

College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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AB BR E V I A T I O N S

AND ACRONYM S

ACS = acute coronary

syndromes

MACE = major adverse

cardiovascular events

MI = myocardial infarction

PCI = percutaneous coronary

intervention

RCT = randomized controlled
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B ecause diabetes mellitus (DM) is associated
with increased platelet reactivity and reduced
response to antiplatelet drugs,1-3 it is well

known as a risk factor for subsequent ischemic events
(ie, myocardial infarction [MI], stroke, or stent throm-
bosis) and cardiovascular mortality in patients with
acute coronary syndrome (ACS) or percutaneous cor-
onary intervention (PCI).4,5 Owing to the pathophysi-
ological effect of DM on platelet activation, the safety
and efficacy of antithrombotic therapies may differ
between diabetic and nondiabetic patients; in other
words, there is the possibility or clinical need that pa-
tients with DM may require more potent platelet in-
hibitors or alternative strategies.6,7

Although current practice guidelines recommend
the preferential use of more potent P2Y12 inhibitors
(ie, ticagrelor and prasugrel) over clopidogrel for ACS
with or without ST-segment elevation,8,9 the relative
safety and efficacy of potent P2Y12 inhibitors in East
Asian patients with a different bleeding or ischemic
propensity are substantially different compared with
Western patients.10,11 This phenomenon has been
demonstrated in several randomized clinical trials
(RCTs).12-14 In addition, although landmark RCTs in
Western populations demonstrated a consistent
treatment effect of potent ticagrelor and prasugrel
over clopidogrel irrespective of diabetic status,7,15 it is
unclear whether the diabetic status affects the rela-
tive safety and efficacy of ticagrelor vs clopidogrel in
East Asian patients with ACS. The TICA KOREA
(Ticagrelor Versus Clopidogrel in Asian/Korean Pa-
tients with ACS Intended for Invasive Management)
trial showed that ticagrelor was associated with
higher incidence of clinically significant bleeding and
numerically higher incidence of ischemic events than
clopidogrel in Korean ACS patients.16 Herein, we per-
formed a prespecified subgroup analysis of the safety
and efficacy of ticagrelor vs clopidogrel according to
the diabetes status in the TICA KOREA trial.

METHODS

STUDY DESIGN AND POPULATION. The design
and primary results of the TICA KOREA trial
(NCT02094963) have been published previously.16 In
brief, a total of 800 patients hospitalized for ACS
(unstable angina, non–ST-segment elevation
myocardial infarction [MI], or ST-segment elevation
MI) in whom invasive treatment was planned were
assigned randomly at a 1:1 ratio to receive either
ticagrelor (180-mg loading dose, 90 mg twice daily
thereafter) or clopidogrel (600 mg loading dose,
75 mg daily thereafter). The trial was conducted at
10 major centers in Korea and was approved by the
investigational review board or ethics com-
mittee at each participating center. Written
informed consent was obtained from all
patients.

Patients were recorded as having DM if
they were receiving active treatment with
oral hypoglycemic agents or insulin at the
index hospitalization. For patients diagnosed
with DM who were on dietary therapy alone,
documentation of abnormal fasting blood
glucose or an abnormal result on a glucose

tolerance test according to World Health Organization
criteria was required. According to the presence or
absence of DM, study participants were categorized
into 2 groups: patients with DM (n ¼ 216) and those
without DM (n ¼ 584).

STUDY ENDPOINTS AND FOLLOW-UP. The primary
safety endpoint was the incidence of clinically sig-
nificant bleeding at 12 months after randomization,
which was defined as a composite of major or minor
bleeding according to the PLATO (Platelet Inhibition
and Clinical Outcomes) criteria.16,17 Secondary safety
endpoints included each individual component of
major, minor, or fatal bleeding defined by the PLATO
criteria. The primary efficacy endpoint was the inci-
dence of major adverse cardiovascular events (MACE;
defined as a composite of death from cardiovascular
causes, nonfatal MI, or nonfatal stroke) at 12 months
after randomization. Secondary efficacy endpoints
included individual components of MACE; composite
of cardiovascular death, spontaneous MI (excluding
periprocedural MI), or stroke; composite of all-cause
death, MI, or stroke; all-cause death; repeat revas-
cularization; and stent thrombosis (definite). The
definitions of these safety and efficacy outcome
measures have previously been described in detail.16

All primary and secondary endpoints of the TICA
KOREA trial were confirmed by source documenta-
tion collected at each hospital and centrally adjudi-
cated with the use of prespecified criteria by an
independent clinical events committee.

Patients were followed up by hospital visit or tele-
phone interview at 1, 3, 6, and 12 months after hospital
admission for the first event, with a safety follow-up
visit 1 month after the end-of-treatment visit. All
serious adverse events and efficacy and safety end-
points in this trial were monitored onsite. The in-
vestigators and study center personnel noted adverse
events, suspected clinical events, study medication
status, and use of concomitant medication.

STATISTICAL ANALYSIS. The primary purpose of
this study was to evaluate the relative safety and ef-
ficacy outcomes in diabetic and nondiabetic ACS

trial

https://www.clinicaltrials.gov/ct2/show/NCT02094963


TABLE 1 Baseline Characteristic of Patients Stratified by Randomized Treatment and Diabetes Status

DM Non-DM

Ticagrelor
(n ¼ 116)

Clopidogrel
(n ¼ 100) P Value

Ticagrelor
(n ¼ 284)

Clopidogrel
(n ¼ 300) P Value

Age, y 64.4 � 10.6 65.8 � 10.0 0.31 61.7 � 11.5 61.1 � 11.8 0.58

Male 80 (69.0) 70 (70.0) 0.99 217 (76.4) 232 (77.3) 0.87

Body mass index, kg/m2 24.6 � 3.0 25.4 � 3.4 0.11 24.6 � 3.0 24.7 � 3.1 0.83

Hypertension 82 (70.7) 57 (57.0) 0.05 141 (49.6) 136 (45.3) 0.34

Current smoker 37 (31.9) 35 (35.0) 0.74 106 (37.3) 107 (35.7) 0.74

Hyperlipidemia 63 (54.3) 62 (62.0) 0.32 145 (51.1) 132 (44.0) 0.10

Previous MI 16 (13.8) 7 (7.0) 0.16 9 (3.2) 13 (4.3) 0.60

Previous PCI 22 (19.0) 13 (13.0) 0.32 19 (6.7) 18 (6.0) 0.86

Previous CABG 2 (1.7) 0 (0.0) 0.54 2 (0.7) 3 (1.0) >0.99

History of stroke 14 (12.1) 5 (5.0) 0.11 10 (3.5) 11 (3.7) >0.99

History of heart failure 7 (6.0) 2 (2.0) 0.26 3 (1.1) 4 (1.3) >0.99

Peripheral artery disease 0 (0.0) 0 (0.0) - 4 (1.4) 2 (0.7) 0.63

Chronic renal disease 5 (4.3) 0 (0.0) 0.10 1 (0.4) 1 (0.3) >0.99

Chronic lung disease 2 (1.7) 1 (1.0) >0.99 10 (3.5) 2 (0.7) 0.03

Previous gastrointestinal bleeding 1 (0.9) 0 (0.0) >0.99 0 (0.0) 0 (0.0) -

Clinical diagnosis 0.41 0.65

Unstable angina 19 (16.4) 25 (25.0) 50 (17.6) 47 (15.7)

NSTEMI 47 (40.5) 40 (40.0) 101 (35.6) 115 (38.3)

STEMI 46 (39.7) 32 (32.0) 124 (43.7) 124 (41.3)

Others 4 (3.4) 3 (3.0) 9 (3.2) 14 (4.7)

Final treatment 0.02 0.91

Percutaneous coronary intervention 91 (78.4) 92 (92.0) 235 (82.7) 250 (83.3)

Coronary artery bypass grafting 6 (5.2) 2 (2.0) 5 (1.8) 4 (1.3)

Medical treatment only 19 (16.4) 6 (6.0) 44 (15.5) 46 (15.3)

Antithrombotic agents during index hospitalization

Unfractionated heparin 73 (62.9) 73 (73.0) 0.15 186 (65.5) 198 (66.0) 0.97

Low-molecular-weight heparin 14 (12.2) 19 (19.0) 0.62 47(16.5) 44 (14.7) 0.23

Glycoprotein IIb/IIIa inhibitors 2 (1.7) 4 (4.0) 0.55 6 (2.1) 10 (3.3) 0.52

Discharge medications

Aspirin 111 (96.5) 99 (99.0) 0.45 274 (96.5) 287 (95.7) 0.77

Beta-blocker 83 (71.6) 79 (79.0) 0.27 192 (67.6) 218 (72.7) 0.21

Calcium-channel blocker 25 (21.6) 25 (25.0) 0.66 65 (22.9) 65 (21.7) 0.80

ACE inhibitor or ARB 52 (44.8) 52 (52.0) 0.36 111 (39.1) 119 (39.7) 0.95

Statin 104 (89.7) 92 (92.0) 0.72 250 (88.0) 277 (92.3) 0.11

Proton-pump inhibitor 2 (1.7) 1 (1.0) >0.99 10 (3.5) 7 (2.3) 0.54

Values are mean � SD or n (%).

ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin-receptor blocker; CABG ¼ coronary artery bypass grafting; MI ¼ myocardial infarction; NSTEMI ¼ non–ST-segment elevation
myocardial infarction; PCI ¼ percutaneous coronary intervention; STEMI ¼ ST-segment elevation myocardial infarction.
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patients after randomized treatment with ticagrelor
or clopidogrel. Continuous variables are presented as
mean values with standard deviation and were
compared using either the Student’s t-test or the
nonparametric Wilcoxon rank sum test. Categorical
variables are presented as number with percentage
and were compared using the chi-square statistics or
Fisher exact test, as appropriate. The Kaplan-Meier
method was used to compare the cumulative inci-
dence of the safety and efficacy endpoints according
to treatment arm (ticagrelor vs clopidogrel) in pa-
tients with or without DM, and the time to the first
event was compared between groups using the log
rank test. A Cox proportional hazards model was used
to compare the rates of safety and efficacy outcomes
after ticagrelor or clopidogrel in each group of dia-
betic and nondiabetic patients, and HRs were pre-
sented with 95% CIs. The assumptions of the Cox
model were assessed statistically based on Schoen-
feld residuals and graphically by log-log plots; they
were found to be satisfied for all variables. To esti-
mate the interactions between treatment arm (tica-
grelor or clopidogrel) and DM status, an interaction
term was entered into the Cox proportional hazards
models.

All reported P values were 2-sided, and P < 0.05
was considered significant for all tests. No adjustment
for multiple testing was undertaken. Because of the



TABLE 2 Primary and Secondary Safety Endpoints at 12 Months Stratified by Randomized Treatment and Diabetes Status

DM Non-DM

P for
Interaction

Ticagrelor
(n ¼ 116)

Clopidogrel
(n ¼ 100) HR (95% CI) P Value

Ticagrelor
(n ¼ 284)

Clopidogrel
(n ¼ 300) HR (95% CI) P Value

Clinically significant bleeding:
primary safety endpointa

16 (13.8) 8 (8.0) 1.87 (0.80–4.36) 0.15 29 (10.2) 13 (4.3) 2.45 (1.27–4.70) 0.007 0.64

Procedure-related 5 (4.3) 3 (3.0) 1.51 (0.36–6.30) 0.58 6 (2.1) 4 (1.3) 1.60 (0.45–5.67) 0.47 0.93

CABG-related 6 (5.2) 1 (1.0) 5.56 (0.67–46.15) 0.11 5 (1.8) 3 (1.0) 1.82 (0.44–7.63) 0.41 0.39

Not procedure- or CABG-
related

5 (4.3) 4 (4.0) 1.20 (0.32–4.47) 0.79 18 (6.3) 6 (2.0) 3.33 (1.32–8.38) 0.01 0.23

PLATO major bleeding 12 (10.3) 7 (7.0) 1.59 (0.62–4.03) 0.33 17 (6.0) 9 (3.0) 2.05 (0.91–4.60) 0.08 0.70

Procedure-related 2 (1.7) 3 (3.0) 0.60 (0.10–3.61) 0.58 2 (0.1) 2 (0.7) 1.06 (0.15–7.52) 0.95 0.76

CABG-related 6 (5.2) 1 (1.0) 5.50 (0.66–45.64) 0.12 5 (1.8) 3 (1.0) 1.81 (0.43–7.58) 0.42 0.53

Not procedure- or CABG-
related

4 (3.5) 3 (3.0) 1.26 (0.28–5.64) 0.76 10 (3.5) 4 (1.3) 2.73 (0.86–8.70) 0.09 0.71

PLATO minor bleeding 6 (5.2) 1 (1.00) 5.50 (0.66–45.60) 0.12 14 (4.9) 4 (1.3) 3.80 (1.25–11.50) 0.02 0.57

Procedure-related 4 (3.5) 0 (0.0) NA >0.99 4 (1.4) 2 (0.7) 2.13 (0.39–11.60) 0.38 NA

CABG-related 0 (0.0) 0 (0.0) NA NA 0 (0.0) 0 (0.0) NA NA NA

Not procedure- or CABG-
related

2 (1.7) 1 (1.0) 1.90 (0.17–20.93) 0.60 10 (3.5) 2 (0.7) 5.47 (1.20–25.00) 0.03 0.73

Fatal bleeding 1 (0.9) 0 (0.0) NA >0.99 3 (1.1) 0 (0.1) NA >0.99 NA

Values are n (%) unless otherwise indicated. The percentages are Kaplan-Meier estimates of the incidence of the end points at 12 months. HR, 95% CI, and corresponding P values were calculated by means of
Cox regression analysis. aClinically significant bleeding was defined as a composite of PLATO major or minor bleeding).

NA ¼ not available; PLATO ¼ Platelet Inhibition and Patient Outcomes trial; other abbreviations as in Table 1.
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potential for type I error due to multiple comparisons,
all findings of this study should be interpreted as
exploratory. Statistical analyses were performed us-
ing SPSS software version 22.0 (IBM Corporation) and
R software version 3.6.2. (R Foundation for Statistical
Computing).

RESULTS

STUDY POPULATION AND BASELINE CHARACTERISTICS.

A total of 800 patients at 10 major centers in Korea
were enrolled in the TICA KOREA trial between July
5, 2014, and June 30, 2017. We randomly assigned
400 patients to receive ticagrelor therapy and 400
patients to receive clopidogrel therapy add-on
aspirin. Among 800 randomized patients, 216 pa-
tients (27.0%) had DM and 584 patients did not. In
patients with DM, 116 patients were assigned to
ticagrelor and 100 patients to clopidogrel. In patients
without DM, 284 patients were assigned to ticagrelor
and 300 patients to clopidogrel. Baseline de-
mographic, clinical characteristics, treatment, and
medication data stratified by randomized group and
diabetic status are shown in Table 1. In patients with
DM, baseline characteristics did not differ signifi-
cantly according to study drug (ticagrelor or clopi-
dogrel), with the exception of a higher proportion of
hypertension and a lower proportion of PCI treatment
in ticagrelor-assigned patients. In patients without
DM, baseline characteristics were well-balanced, with
the exception of a higher proportion of chronic lung
disease in the ticagrelor arm.

SAFETY ENDPOINTS ACCORDING TO DIABETIC

STATUS. The median follow-up duration was
365 days (IQR: 365-365 days) in patients with DM and
365 days (IQR: 365-365. days) in patients without DM
(P ¼ 0.81). Twelve-month follow-up was completed
for most patients except for 7 patients (3.2%) in the
DM group and 9 patients (1.5%) in the non-DM group
(P ¼ 0.22). Primary and secondary safety endpoints
after randomized treatment with ticagrelor or clopi-
dogrel stratified by diabetes status are summarized in
Table 2. In patients with DM, the 12-month incidence
of the primary safety endpoint of clinically significant
bleeding tended to be higher in the ticagrelor group
than in the clopidogrel group (13.8% vs 8.0%,
respectively; HR: 1.87; 95% CI: 0.54-4.36) (Figure 1). In
patients without DM, the incidence of clinically sig-
nificant bleeding was also significantly higher after
ticagrelor than after clopidogrel (10.2% vs 4.3%,
respectively; HR: 2.45; 95% CI: 1.27-4.70). There was
no significant treatment arm–by–diabetic status
interaction (P for interaction ¼ 0.64). This trend was
consistent with respect to each component of major,
minor, or fatal bleeding, without a significant inter-
action between treatment arm and diabetic status.

EFFICACY ENDPOINTS ACCORDING TO DIABETIC

STATUS. Primary and secondary efficacy outcomes
after ticagrelor or clopidogrel stratified by diabetic



FIGURE 1 Cumulative Incidence of the Primary Safety Endpoint at 12 Months

Kaplan Meier curves showing rates of the primary safety endpoint of PLATO (Platelet Inhibition and Patient Outcomes) major or minor after ticagrelor or clopidogrel in

patients with diabetes mellitus (DM) (A) and in those without DM (B).
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status are shown in Table 3. In patients with DM, the
primary efficacy endpoint of MACE at 12 months was
not significantly different between the ticagrelor
group than in the clopidogrel group (10.3% vs 6.0%,
respectively; HR: 1.90; 95% CI: 0.71-5.07) (Figure 2).
Similarly, in patients without DM, the 12-month
incidence of MACE was also not significantly different
after ticagrelor or clopidogrel (8.5% vs 5.7%, respec-
tively; HR: 1.51; 95% CI: 0.81-2.81). Thus, there was no
significant interaction between treatment arm and
diabetes status with regard to the primary efficacy
outcome of MACE incidence (P for interaction ¼ 0.71).
These findings with regard to secondary efficacy
outcomes were also similar irrespective of diabetic
status.

DISCUSSION

In this prespecified clinical trial analysis, we
assessed whether diabetes status influenced the
relative safety and efficacy outcomes with ticagrelor
vs clopidogrel among East Asian (Korean) ACS pa-
tients who were intended for early invasive man-
agement. The major findings are summarized as
follows: 1) compared with clopidogrel, ticagrelor was
associated with a higher incidence of clinically sig-
nificant bleeding at 12 months in the nondiabetic
group and in diabetic group (although not statisti-
cally significant in this group); 2) the incidence of
MACE and ischemic events at 12 months were not
significantly different after ticagrelor and clopidogrel
both in diabetic and nondiabetic patients; and 3)
there was no significant treatment effect–by–dia-
betes status interaction demonstrating that DM did
not affect the relative safety and efficacy of tica-
grelor and clopidogrel in Korean ACS patients (Cen-
tral Illustration).

The evidence on the relative safety and efficacy of
ticagrelor or prasugrel compared to clopidogrel in
diabetic patients with ACS undergoing PCI were
controversial.15,18 In TRITON-TIMI 38 (Trial to Assess
Improvement in Therapeutic Outcomes by Opti-
mizing Platelet Inhibition with Prasugrel–
Thrombolysis In Myocardial Infarction 38), diabetic
patients compared with nondiabetic patients tended
to have a greater reduction in ischemic events
without an increase in TIMI major bleeding.18 Thus,
the net benefit of prasugrel over clopidogrel in this
trial (a composite of the incidence of ischemic and
bleeding events) was greater in patients with DM than
those without DM (P for interaction ¼ 0.05). By
contrast, in the subgroup analysis of the PLATO
trial,15 the reduction in the incidence of ischemic
events by ticagrelor in patients with DM was consis-
tent with the overall cohort, without significant in-
teractions between diabetic status and treatment
arm. However, the magnitude of ischemic benefit of
ticagrelor was enhanced in patients with levels of
glycated hemoglobin or glucose higher than the me-
dian, albeit without any interaction between treat-
ments. However, the direct applicability of these
trials findings to Asian population may be limited
owing to <10% of enrolled patients. Although it is
unanimously agreed that patients with ACS and DM
require strong platelet inhibition, it is still questioned
whether this concept could be directly applicable to
East Asian patients with a higher bleeding tendency.
In our prespecified analysis of TICA KOREA, the



TABLE 3 Primary and Secondary Efficacy Endpoints at 12 Months Stratified by Randomized Treatment and Diabetes Status

DM Non-DM

P for
Interaction

Ticagrelor
(n ¼ 116)

Clopidogrel
(n ¼ 100) HR (95% CI) P Value

Ticagrelor
(n ¼ 284)

Clopidogrel
(n ¼ 300) HR (95% CI) P Value

MACE: primary efficacy end point

Composite of cardiovascular
death, MI, or stroke

12 (10.3) 6 (6.0) 1.90 (0.71–5.07) 0.20 24 (8.5) 17 (5.7) 1.51 (0.81–2.81) 0.19 0.71

Post hoc: composite of
cardiovascular death,
spontaneous MI, or stroke

6 (5.2) 6 (6.0) 0.92 (0.30–2.87) 0.89 15 (5.3) 11 (3.7) 1.45 (0.66–3.15) 0.35 0.52

Other secondary efficacy endpoints

Composite of all-cause death, MI,
or stroke

12 (10.3) 8 (8.0) 1.43 (0.58–3.50) 0.43 25 (8.8) 19 (6.3) 1.41 (0.77–2.55) 0.26 0.99

All-cause death 4 (3.4) 4 (4.0) 0.94 (0.23–3.75) 0.93 12 (4.2) 6 (2.0) 2.14 (0.80–5.70) 0.13 0.33

Cardiovascular death 4 (3.4) 2 (2.0) 1.87 (0.34–10.19) 0.47 11 (3.9) 4 (1.3) 2.94 (0.94–9.24) 0.06 0.66

Noncardiovascular death 0 (0.0) 2 (2.0) NA >0.99 1 (0.4) 2 (0.7) 0.53 (0.05–5.89) 0.61 NA

MI 8 (6.9) 3 (3.0) 2.47 (0.66–9.32) 0.18 12 (4.2) 13 (4.3) 0.98 (0.45–2.15) 0.96 0.25

Stroke 3 (2.6) 1 (1.0) 2.84 (0.30–27.34) 0.37 3 (1.1) 4 (1.3) 0.81 (0.18–3.60) 0.78 0.37

Repeat revascularization 4 (3.4) 5 (5.0) 0.74 (0.20–2.75) 0.65 6 (2.1) 7 (2.3) 0.92 (0.31–2.75) 0.89 0.80

Stent thrombosis 0 (0.0) 2 (2.0) NA >0.99 2 (0.7) 2 (0.7) 1.07 (0.15–7.56) 0.95 NA

Values are n (%) unless otherwise indicated. The percentages are Kaplan-Meier estimates of the incidence of the endpoints at 12 months. HR, 95% CI, and corresponding P values were calculated by means of
Cox regression analysis.

Abbreviations as in Tables 1 and 2.
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relative safety and efficacy outcomes of ticagrelor and
clopidogrel were not substantially modulated by the
presence or absence of DM. Without further clinical
evidence through large-sized RCTs, no confirmative
recommendation can be drawn as to whether tica-
grelor or prasugrel should be the preferred anti-
platelet strategy in East Asian patients with DM
presenting with ACS.

A number of mechanisms may contribute to
impaired clopidogrel response in patients with DM.2

Available evidence suggests that ticagrelor may be
particularly advantageous in patients with DM un-
dergoing PCI.19-21 However, our study showed that
ticagrelor showed a higher risk of safety outcomes
and a similar risk of efficacy outcomes compared to
clopidogrel, irrespective of diabetic status. Compared
to previous study findings,15,18 it is poorly understood
the reason why potent P2Y12 inhibitor of ticagrelor did
not show superior efficacy (compared with clopidog-
rel) in the diabetic subset of Korean ACS patients.
Such discrepant findings might be explained in part
by marked interethnic differences in intrinsic
thrombogenicity, the pharmacokinetic and pharma-
codynamic profiles of the P2Y12 inhibitors, and
differing propensity for bleeding complications be-
tween Western and East Asian patients.22,23 In addi-
tion unlike Caucasians, East Asian patients are more
prone to bleeding events than ischemic events,
especially with potent P2Y12 inhibitors.11,24 Therefore,
in terms of net benefit of bleeding and thrombotic
events, ticagrelor showed a higher bleeding tendency
without any additional preventive effect on ischemic
events compared with clopidogrel, especially in East
Asian populations, irrespective of DM.

STUDY LIMITATIONS. First, although our analysis of
outcomes according to diabetes status was pre-
specified in the setting of the TICA KOREA trial, its
findings may be vulnerable to the known limitations
of subgroup analyses in general, and its results
should be considered as exploratory or hypothesis-
generating only. Second, owing to the relatively
small number of patients, this study did not have
sufficient statistical power to detect clinically signif-
icant differences in safety and efficacy outcomes in
each subgroup. Also, analyses of outcome measures
were not adjusted for multiple comparisons. Third,
although baseline characteristics were relatively well-
balanced between diabetic and nondiabetic patients,
randomization was not performed according to dia-
betic status, and consequently unidentified con-
founders cannot entirely be ruled out. Lastly, data on
glycemic control (ie, glycated hemoglobin levels) and
concomitant antidiabetes medications were not
available. Therefore, we could not assess the impact
of the quality of glycemic control and antiglycemic
drug effect on the safety and efficacy of the anti-
platelet agents.

CONCLUSIONS

In this prespecified analysis of the TICA KOREA trial,
the presence or absence of DM did not affect the
relative safety and efficacy of ticagrelor and clopi-
dogrel in East Asian (Korean) patients with ACS who



CENTRAL ILLUSTRATION HRs for the Primary Endpoint According to Diabetes Status

between treatment arms and DM status

Pinteraction for Primary Safety Endpoint = 0.64
Pinteraction for Primary Efficacy Endpoint = 0.71

0.1

Primary Safety Endpoint 1.86 (0.80-4.36)

1
Favor Ticagrelor

10
Favor Clopidogrel

Hazard Ratio for DM Group

Primary Efficacy Endpoint 1.90 (0.71-5.07)

A

0.1

Primary Safety Endpoint 2.45 (1.27-4.76)

1
Favor Ticagrelor

10
Favor Clopidogrel

Hazard Ratio for Non-DM GroupB

Primary Efficacy Endpoint 1.51 (0.81-2.81)

Choi Y, et al. JACC: Asia. 2022;2(6):666–674.

HR (95% CI) for the primary safety and efficacy endpoint in the diabetes mellitus (DM) group (A), and in the non-DM group (B).

FIGURE 2 Cumulative Incidence of the Primary Efficacy Endpoint at 12 Months

Kaplan-Meier curves showing rates of the primary efficacy endpoint of major adverse cardiovascular events in patients with diabetes mellitus (DM) (A) and in those

without DM (B). Major adverse cardiovascular events were defined as a composite of death from cardiovascular causes, nonfatal myocardial infarction, or nonfatal

stroke.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: Owing to an

increased platelet reactivity, reduced response to antiplatelet

drugs, and a higher risk for thrombotic and ischemic events and

mortality in patients with DM presenting with ACS, a more

potent antiplatelet strategy is recommended. However, it is un-

known whether this strategy is applicable to East Asian patients

with a different bleeding and ischemic propensity.

TRANSLATIONAL OUTLOOK: This prespecified analysis of

the TICA KOREA trial provides data on the safety and efficacy of

ticagrelor vs clopidogrel in Korean patients with and without DM.

The study showed that ticagrelor use was associated with a

higher incidence of clinically significant bleeding and tended to

be associated with a higher risk of ischemic MACE irrespective of

diabetes status. Further specifically designed, sufficiently pow-

ered RCTs are needed to establish the most optimal antithrom-

botic therapy in diabetic East Asian patients undergoing invasive

therapy for ACS.
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were intended for early invasive strategy. Compared
with clopidogrel, ticagrelor use was associated with a
higher incidence of clinically significant bleeding in
nondiabetic patients and diabetic patients (although
not statistically significant in this group). The rates of
ischemic events were not significantly different after
ticagrelor and clopidogrel in the diabetic and nondi-
abetic groups. Finally, DM did not affect the relative
safety and efficacy of ticagrelor and clopidogrel in
Korean ACS patients.

FUNDING SUPPORT AND AUTHOR DISCLOSURES

This research was partly supported by the Cardiovascular Research

Foundation (CVRF), Seoul, Korea. The authors have reported that

they have no relationships relevant to the contents of this paper to

disclose.

ADDRESS FOR CORRESPONDENCE: Dr Duk-Woo
Park, Department of Cardiology, Asan Medical Cen-
ter, University of Ulsan College of Medicine, 88,
Olympic-ro 43-gil, Songpa-gu, Seoul 05505, Republic
of Korea. E-mail: dwpark@amc.seoul.kr.
RE F E RENCE S
1. Ferreiro JL, Angiolillo DJ. Diabetes and anti-
platelet therapy in acute coronary syndrome. Cir-
culation. 2011;123:798–813.

2. Angiolillo DJ, Jakubowski JA, Ferreiro JL,
et al. Impaired responsiveness to the platelet
P2Y12 receptor antagonist clopidogrel in pa-
tients with type 2 diabetes and coronary ar-
tery disease. J Am Coll Cardiol. 2014;64:1005–
1014.

3. Rivas Rios JR, Franchi F, Rollini F, Angiolillo DJ.
Diabetes and antiplatelet therapy: from bench to
bedside. Cardiovasc Diagn Ther. 2018;8:594–609.

4. Capodanno D, Angiolillo DJ. Antithrombotic
therapy for atherosclerotic cardiovascular disease
risk mitigation in patients with coronary artery
disease and diabetes mellitus. Circulation.
2020;142:2172–2188.

5. Ajjan RA, Kietsiriroje N, Badimon L, et al.
Antithrombotic therapy in diabetes: which, when,
and for how long? Eur Heart J. 2021;42:2235–
2259.

6. Angiolillo DJ, Badimon JJ, Saucedo JF, et al.
A pharmacodynamic comparison of prasugrel vs.
high-dose clopidogrel in patients with type 2
diabetes mellitus and coronary artery disease: re-
sults of the Optimizing anti-Platelet Therapy In
diabetes MellitUS (OPTIMUS)-3 Trial. Eur Heart J.
2011;32:838–846.

7. Sweeny JM, Angiolillo DJ, Franchi F, et al.
Impact of diabetes mellitus on the pharmaco-
dynamic effects of ticagrelor versus clopidogrel
in troponin-negative acute coronary syndrome
patients undergoing ad hoc percutaneous cor-
onary intervention. J Am Heart Assoc. 2017;6:
e005650.
8. Levine GN, Bates ER, Bittl JA, et al. 2016 ACC/
AHA guideline focused update on duration of dual
antiplatelet therapy in patients with coronary ar-
tery disease: a report of the American College of
Cardiology/American Heart Association Task Force
on Clinical Practice Guidelines. J Am Coll Cardiol.
2016;68:1082–1115.

9. Collet JP, Thiele H, Barbato E, et al. 2020 ESC
guidelines for the management of acute coronary
syndromes in patients presenting without persis-
tent ST-segment elevation. Eur Heart J. 2021;42:
1289–1367.

10. Kim HK, Tantry US, Smith SC Jr, et al. The East
Asian paradox: an updated position statement on
the challenges to the current antithrombotic
strategy in patients with cardiovascular disease.
Thromb Haemost. 2021;121:422–432.

11. Kwon O, Park D-W. Antithrombotic therapy
after acute coronary syndromes or percutaneous
coronary interventions in East Asian populations.
JACC: Asia. 2022;2:1–18.

12. Goto S, Huang CH, Park SJ, Emanuelsson H,
Kimura T. Ticagrelor vs. clopidogrel in Japanese,
Korean and Taiwanese patients with acute coro-
nary syndrome – randomized, double-blind, phase
III PHILO study. Circ J. 2015;79:2452–2460.

13. Saito S, Isshiki T, Kimura T, et al. Efficacy and
safety of adjusted-dose prasugrel compared with
clopidogrel in Japanese patients with acute coro-
nary syndrome: the PRASFIT-ACS study. Circ J.
2014;78:1684–1692.

14. Park D-W, Lee PH, Jang S, et al. Effect of low-
dose versus standard-dose ticagrelor and clopi-
dogrel on platelet inhibition in acute coronary
syndromes. J Am Coll Cardiol. 2018;71:1594–1595.
15. James S, Angiolillo DJ, Cornel JH, et al. Tica-
grelor vs. clopidogrel in patients with acute cor-
onary syndromes and diabetes: a substudy from
the PLATelet inhibition and patient Outcomes
(PLATO) trial. Eur Heart J. 2010;31:3006–3016.

16. Park DW, Kwon O, Jang JS, et al. Clinically
significant bleeding with ticagrelor versus clopi-
dogrel in Korean patients with acute coronary
syndromes intended for invasive management: a
randomized clinical trial. Circulation.
2019;140(23):1865–1877.

17. James S, Akerblom A, Cannon CP, et al. Com-
parison of ticagrelor, the first reversible oral
P2Y(12) receptor antagonist, with clopidogrel in
patients with acute coronary syndromes: rationale,
design, and baseline characteristics of the
PLATelet inhibition and patient Outcomes (PLATO)
trial. Am Heart J. 2009;157(4):599–605.

18. Wiviott SD, Braunwald E, Angiolillo DJ, et al.
Greater clinical benefit of more intensive oral an-
tiplatelet therapy with prasugrel in patients with
diabetes mellitus in the trial to assess improve-
ment in therapeutic outcomes by optimizing
platelet inhibition with prasugrel-Thrombolysis in
Myocardial Infarction 38. Circulation. 2008;118:
1626–1636.

19. Franchi F, Rollini F, Aggarwal N, et al. Phar-
macodynamic comparison of prasugrel versus
ticagrelor in patients with type 2 diabetes mellitus
and coronary artery disease: the OPTIMUS (Opti-
mizing Antiplatelet Therapy in Diabetes Mellitus)-
4 study. Circulation. 2016;134:780–792.

20. Bhatt DL, Steg PG, Mehta SR, et al. Ticagrelor
in patients with diabetes and stable coronary ar-
tery disease with a history of previous percuta-
neous coronary intervention (THEMIS-PCI): a

mailto:dwpark@amc.seoul.kr
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref1
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref1
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref1
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref2
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref2
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref2
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref2
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref2
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref2
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref3
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref3
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref3
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref4
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref4
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref4
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref4
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref4
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref5
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref5
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref5
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref5
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref6
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref6
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref6
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref6
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref6
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref6
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref6
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref7
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref7
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref7
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref7
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref7
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref7
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref7
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref8
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref8
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref8
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref8
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref8
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref8
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref8
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref9
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref9
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref9
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref9
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref9
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref10
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref10
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref10
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref10
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref10
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref11
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref11
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref11
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref11
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref12
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref12
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref12
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref12
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref12
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref13
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref13
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref13
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref13
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref13
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref14
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref14
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref14
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref14
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref15
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref15
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref15
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref15
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref15
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref16
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref16
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref16
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref16
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref16
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref16
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref17
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref17
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref17
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref17
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref17
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref17
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref17
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref18
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref18
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref18
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref18
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref18
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref18
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref18
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref18
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref19
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref19
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref19
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref19
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref19
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref19
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref20
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref20
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref20
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref20


Choi et al J A C C : A S I A , V O L . 2 , N O . 6 , 2 0 2 2

Ticagrelor vs Clopidogrel in ACS According to DM N O V E M B E R 2 0 2 2 : 6 6 6 – 6 7 4

674
phase 3, placebo-controlled, randomised trial.
Lancet. 2019;394:1169–1180.

21. Jeong HS, Hong SJ, Cho S-A, et al. Comparison
of ticagrelor versus prasugrel for inflammation,
vascular function, and circulating endothelial
progenitor cells in diabetic patients with non–ST-
segment elevation acute coronary syndrome
requiring coronary stenting: a prospective, ran-
domized, crossover trial. J Am Coll Cardiol Intv.
2017;10:1646–1658.
22. Kang J, Kim HS. The evolving concept of dual
antiplatelet therapy after percutaneous coronary
intervention: focus on unique feature of East Asian
and "Asian paradox". Korean Circ J. 2018;48:537–
551.

23. Bae JS, Ahn JH, Tantry US, Gurbel PA,
Jeong YH. Should antithrombotic treatment
strategies in East Asians differ from
Caucasians? Curr Vasc Pharmacol. 2018;16:
459–476.
24. Kang J, Park KW, Palmerini T, et al. Racial
differences in ischaemia/bleeding risk trade-off
during anti-platelet therapy: individual patient
level landmark meta-analysis from seven RCTs.
Thromb Haemost. 2019;119:149–162.
KEY WORDS acute coronary syndrome,
antiplatelet therapy, diabetes mellitus,
East Asian

http://refhub.elsevier.com/S2772-3747(22)00207-1/sref20
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref20
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref21
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref21
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref21
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref21
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref21
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref21
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref21
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref21
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref22
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref22
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref22
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref22
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref22
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref23
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref23
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref23
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref23
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref23
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref24
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref24
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref24
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref24
http://refhub.elsevier.com/S2772-3747(22)00207-1/sref24

	Ticagrelor Versus Clopidogrel in East Asian Patients With Acute Coronary Syndrome and Diabetes Mellitus
	Methods
	Study design and population
	Study endpoints and follow-up
	Statistical analysis

	Results
	Study population and baseline characteristics
	Safety endpoints according to diabetic status
	Efficacy endpoints according to diabetic status

	Discussion
	Study limitations

	Conclusions
	Funding Support and Author Disclosures
	References


