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ABSTRACT
Objective: Antiplatelet therapy is recommended in patients with coronary heart disease (CHD) who had the percutaneous coronary intervention
(PCI) procedure to reduce major adverse cardiovascular events (MACE). There has been a lack of population-based studies that showed the
superior effectiveness of ticagrelor over clopidogrel and similar studies have not been conducted in Indonesia yet. The aim of the study was to
investigate the effectiveness of ticagrelor compared to clopidogrel in reducing the risk of MACE in patients with CHD after PCI.
Methods: A retrospective cohort study with 1-year follow-up was conducted. 361 patients consisted of 111 patients with ticagrelor exposure and
250 patients with clopidogrel exposure. The primary outcome was MACE, defined as a composite of repeat revascularization, myocardial infarction,
or all-cause death. The association between antiplatelet exposure and the MACE was analyzed with Cox proportional hazard regression, adjusted for
sex, age, comorbid, PCI procedures and concomitant therapy.
Results: MACE occurred in 22.7% of the subjects. Clopidogrel had a significantly higher risk of MACE compared with ticagrelor (28.8%, vs 9.0%,
hazard ratio (HR): 1.96 (95% CI 1.01 to 3.81, p=0.047). There were no significant differences in risk of repeat revascularization (20.40% vs 5.40%,
HR: 2.32, 95% CI 0.99 to 5.42, p = 0.05), myocardial infarction (11.60% vs 3.60%, HR: 2.08, 95% CI, 0.73 to 5.93, p = 0.17), and death (1.60% vs
1.80%, HR: 0.77, 95% CI, 0.14 to 4.25, p = 0.77).
Conclusion: Clopidogrel had a higher risk of MACE compared to clopidogrel in patients with CHD after PCI, but there were no significant differences
in the risk of repeat revascularization, myocardial infarction, and all-cause death.
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INTRODUCTION
Coronary heart disease (CHD) is a global health problem that leads to
impaired quality of life and shortens life expectancy [1, 2]. Current
guidelines from the American College of Cardiology and American Heart
Association
(ACC/AHA)
recommend percutaneous
coronary
intervention (PCI) and antiplatelet therapy with aspirin and P2Y12
receptor inhibitors (clopidogrel and ticagrelor) to support reperfusion
after PCI [3]. Guidelines recommend the use of aspirin indefinitely,
clopidogrel and ticagrelor are recommended until 1 y [4, 5].
Antiplatelet drugs can prevent the occurrence of major adverse
cardiovascular events (MACE) in patients with CHD [6,7]. MACE is
defined as a composite event of repeat coronary revascularization,
myocardial infarction, and all-cause death [8, 9].
Indonesia has different population and CHD risk factors from other
countries. The main risk factors for CHD such as diabetes mellitus
(DM), hypertension, dyslipidemia, and smoking are found in great
quantities [10, 11]. In addition, research on the effectiveness of
ticagrelor which is a relatively new drug in real conditions on the
population has never been done in Indonesia. Therefore, it is
necessary to investigate on ticagrelor compared with clopidogrel
therapy against the MACE in patients with CHD after PCI with
a retrospective cohort study design. This research was conducted at
the National Cardiovascular Center Harapan Kita Hospital which is
the national referral for cardiovascular disease in Indonesia [12].
MATERIALS AND METHODS
This study was an observational study with a retrospective
cohort design to investigate the effectiveness of ticagrelor compared
with clopidogrel therapy in preventing MACE in patients with CHD

after PCI. The population was patients with CHD after PCI who have
got dual antiplatelet therapy and recorded in the medical
records. Medical records were selected and then categorized based
on the exposure status of ticagrelor and clopidogrel. MACE events
were followed by the medical records.
Inclusion criteria in this study were age >18 y, diagnosed with
CHD, got PCI procedure and got dual antiplatelet. While
exclusion criteria were patients with antiplatelet therapy
without AHA guidelines or the data of medical records were not
available for research. This study collected all patients receiving
ticagrelor with appropriate inclusion and exclusion criteria then
compared with patients receiving clopidogrel therapy as a
comparison (control).
The dependent variables in this study were MACE defined as a
composite event of repeat revascularization, myocardial infarction,
and death. Repeat revascularization was defined as a procedure of PCI
or coronary artery bypass graft (CABG) performed on coronary
arteries that have been treated or not treated at the time of PCI, which
was considered as the beginning of the study [8,13]. Myocardial
infarction is a disorder that consists of non-ST elevation acute
coronary syndrome (NSTE-ACS) and ST-elevation myocardial
infarction (STEMI) [14].
Death in this study was all deaths from various causes that occurred
during the observation in medical record [15]. The independent
variables in this study were ticagrelor therapy with 2 x 90 mg dose
and clopidogrel therapy at a dose of 1 x 75 mg. Other variables that
affect this study were gender, age, PCI (indication PCI, urgency, type
of stent, number of stents), comorbidities (diabetes, hypertension,
dyslipidemia, heart failure, stroke, chronic kidney disease,
compliance, smoking), and concomitant therapy (antihypertensive,
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anti-dyslipidemia,
inhibitor).

anti-diabetic,

anticoagulant,

proton

pump

The collected data were tabulated. Continuous variables were presented
as mean±SD, whereas categorical variables were presented as a
proportion (%). We used SPSS 20.0 for data analysis. Baseline
characteristics of the patients were analyzed using chi-square or
Fisher exact and t-test. Multivariable analysis was performed by logistic
regression and Cox regression multi variable to examine the relationship
between independent variables with MACE dependent variable, adjusted
for the significant variables (p<0.05). This study was approved by the

ethics committee of the Faculty of Medicine, Gadjah Mada University,
Yogyakarta (ethical approval Ref: KE/FK/309/ EC/2015) and National
Cardiovascular Center Harapan Kita Hospital ethics committee (ethical
approval No.: LB.02.01/VII/059/KEP.022 EV/2015).
RESULTS
In this study, we found 361 subjects consisted of 111 patients with
ticagrelor and 250 patients with clopidogrel. Mean follow-up was
152.87+139.45 d with the median follow-up 112 d. Baseline
characteristics of the subjects can be seen in table 1.

Table 1: Baseline characteristics of subjects by sex, age, PCI and comorbid
Patients (n)
Gender
Male
Age category
<65 y
Mean (SD)
PCI
Indication of PCI
ACS
CHD
Urgency
Elective
Primary/Early PCI
History of Coronary Intervention
Stent Type
Without stent
BMS
DES
Number of Stent
0-2
3-4
Mean (SD)
Comorbid
Diabetes mellitus
Hypertension
Heart failure
Dyslipidemia
Chronic Kidney Disease
Medication Compliance
Smoke
Concurrent therapy
Diuretics
Beta Blocker
ACE Inhibitors
Angiotensin Receptor Blockers (ARB)
Calcium Channel Blockers
Insulin
Biguanide
Sulfonylurea
DPP-4 inhibitors
Oral anticoagulant
Proton Pump Inhibitor

Ticagrelor (%)
111
(100)

Clopidogrel (%)
250
(100)

p

103

(92.8)

232

(92.8)

0.99

89
55.79

(80.2)
+12.73

198
55.93

(79.2)
+11.01

0.83
0.49

59
52

(53.2)
(46.8)

123
127

(49.2)
(50.8)

0,49

65
46
22

(58.6)
(41.4)
(19.8)

150
100
14

(60)
(40)
(4,8)

0.80

9
7
95

(8,1)
(6,3)
(85.6)

7
43
200

(2,8)
(17.2)
(85.6)

0.05
0.01
REF

47
64
1.77

(25.7)
(36.0)
+1.02

136
114
1.56

(74.3)
(64.0)
+0.81

0,03
REF
0,04

<0.001

45
65
23
38
7
9
40

(40.5)
(58.6)
(20.7)
(34.2)
(6,3)
(8,1)
(36.0)

104
151
68
84
22
14
110

(41.6)
(60.4)
(27.2)
(33.6)
(8,8)
(5,6)
(43.6)

0.85
0.74
0.19
0,91
0.42
0.38
0.18

32
81
44
37
20
14
26
8
7
1
10

(28.8)
(73.0)
(39.7)
(33.3)
(18.0)
(12.6)
(23.4)
(7,2)
(6,3)
(0,9)
(9.0)

88
195
143
53
53
37
58
27
7
7
19

(35.2)
(78.0)
(57.2)
(21.2)
(21.2)
(14.8)
(23.2)
(10.8)
(2,8)
(2,8)
(7.6)

0.24
0.30
0.00
0.01
0.49
0.58
0.96
0.29
0.14
0.15
0.65

Table 2: Predictor factors of MACE in CHD patients with PCI
Predictor factors of MACE
Antiplatelet
Clopidogrel
Ticagrelor
Hypertension
Yes
No
Heart failure
Yes
No
ACE Inhibitors
No
Yes

Unadjusted
OR (95% CI)

p

Adjusted
OR (95% CI)

p

4.09 (2.02-8.27)

<0.001

3.62 (1.77-7.42)

<0.001

1.72 (1.02-2.91)

0.04

1.76 (1.02-3.04)

0,04

1.78 (1.04-3.04)

0.03

1.70 (0.97-2.97)

0.06

0.47 (0.28-0.79)

0.004

0.54 (0.32-0.92)

0,02
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Based on bivariate analysis, the significant predictor factors of MACE
presented in table 2 were antiplatelet, hypertension, heart failure,
and ACE inhibitor. Multivariable logistic regression analysis showed
that the significant predictor factors of MACE were the type of
antiplatelet, ACE inhibitor and hypertension. This suggested that
clopidogrel had a higher risk compared to ticagrelor.
The predictor factors of repeat revascularization based on bivariate
analysis were the type of antiplatelet drugs, ACE inhibitors, and

ARB. To investigate which factor with the most contribution,
multivariable logistic regression were performed.
The significant predictor factors were antiplatelet (OR: 3.94 95%
CI 1.62 to 9.56) and ACE inhibitor (OR: 2.43 95% CI from 1.29 to
4.56, p = 0.006). ARB did not affect the incidence of repeat
revascularization procedures significantly. Predictor factors of
repeat revascularization procedures in CHD patients with PCI
can be seen in table 3.

Table 3: Predictor factors of repeat revascularization in CHD patients with PCI
Repeat revascularization procedure factor predictors
Antiplatelet
Clopidogrel
Ticagrelor
ACE Inhibitors
No
Yes
Angiotensin Receptor Blocker
No
Yes

The significant predictor factor of myocardial infarction based on
logistic regression analysis was the type of antiplatelet (OR: 3.51,
95% CI 1.20 to 10.24, p = 0.015) which showed that clopidogrel
had a higher risk of myocardial infarction compared to ticagrelor.

Unadjusted
OR (95% CI)

p

Adjusted
OR (95% CI)

p

4.49 (1.86-10.80)

<0.001

3.94 (1.62-9.56)

0.002

2.77 (1.49-5.15)

0.001

2.23 (1.08-4.79)

0.03

2.26 (1.03-4.98)

0.04

1.16 (0.44-3.00)

0.76

The significant predictor factor of mortality based on logistic
regression analysis was the beta blocker therapy (OR: 0.89, 95% CI
0.16 to 4.91) indicating that beta-blocker therapy had a lower risk
for death.

Fig. 1: A kaplan-meier curve for MACE. B, kaplan-meier curve for repeat revascularization procedures. C, kaplan-meier curve for
myocardial infarction. D, kaplan-meier curve for mortality

Analysis of MACE survival at 1 y follow-up showed that clopidogrel
had higher risk of MACE significantly with HR 2.09 (95% CI, 1.08 to
4.05, p = 0.03) and patients with ACE inhibitors had a significantly
higher risk of MACE with HR 1.66 (95% CI,1.05 to 2.62, p =
0.03). Multivariable Cox regression analysis indicated factor that
affects the MACE was antiplatelet HR 1.96 (95% CI 1.01 to 3.81,

p=0.047) while ACE inhibitors HR 1.58 (95% CI 0.99 to 2.49, p =
0.05) did not affect the incidence of MACE significantly after
adjustment analysis.
Clopidogrel had a higher risk of MACE compared to ticagrelor mainly
due to the number of repeated revascularization in the clopidogrel
group.
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Repeat revascularization procedures with 1 y follow-up showed
that ACE inhibitor therapy had a higher risk of repeat
revascularization procedures significantly with HR 2.14 (95% CI,
1.20 to 3.82, p = 0.01) while clopidogrel had a higher risk of repeat
revascularization procedures compared to ticagrelor but not
significant with HR 2.33 (95% CI, 0.99 to 5.42, p = 0.05). Analysis
of survival in myocardial infarction showed that clopidogrel drugs

had a higher risk of myocardial infarction but not significant with
HR 2, 08 (95% CI, 0.73 to 5.93, p = 0.172) compared to
ticagrelor. Analysis of survival to the death during the first year
showed that beta-blocker can reduce the risk of death (p<0.05),
HR 0.827 (95% CI 0.70 to 0.98, p = 0.03). Antiplatelet effectiveness
on MACE, repeat revascularization procedures, myocardial
infarction and death can be seen in table 4.

Table 4: Analysis of survival on MACE, repeat revascularization procedures, myocardial infarction, and death based on the type of
antiplatelet

MACE
Repeat revascularization procedures
Myocardial infarction
All-cause death

Clopidogrel
n = 250
72
51
29
4

(%)
(28.8)
(20.4)
(11.6)
(1.6)

DISCUSSION
Platelets play important role in arterial thrombosis, leading to
myocardial infarction [20]. Antiplatelet such as aspirin, clopidogrel,
and ticagrelor are recommended to prevent thrombosis for patients
with CHD with or without PCI. Clopidogrel is a pro-drug that
requires metabolism primarily by CYP450 enzymes to become active
metabolite [21, 22]. The molecular target of the clopidogrel active
metabolite is responsible for triggering platelet aggregation. The
active metabolite works by forming an irreversible covalent bond
with receptors P2Y12. Along these covalent bonds, ADP cannot bind
to receptors P2Y12 [23]. Clopidogrel has different responses that lead
to inhibition of platelet aggregation be affected [24]. The different
responses are caused by the polymorphism of enzyme
CYP2C19profile [25, 26,].
Ticagrelor is a new antiplatelet agent that do not require metabolism
to perform its activities. Ticagrelor mechanism with P2Y12 receptor
binding in a different place with its predecessor; clopidogrel or
prasugrel so that ADP receptor is inactivated without first
metabolized into the active metabolite. The bonding that occurs
between ticagrelor and the P2Y12 receptor is the hydrogen bond that
weaker than covalent so that the bond is reversible. This causes
ticagrelor has a faster duration of action [27, 28]. Differences in the
characteristics of both antiplatelet can play a role in reducing the
incidence of thrombosis which can lead to the need for repeat
revascularization procedures, myocardial infarction, and death in
patients with CHD [29]. In addition to these effects, delayed onset
and the poor inhibition of platelet and adherence to dual antiplatelet
therapy may increase the risk of stent thrombosis [6].
This study aimed to compare the effectiveness of ticagrelor
compared to clopidogrel in the MACE in CHD patients after PCI. The
MACE survival analysis results showed that clopidogrel had a higher
risk of MACE compared to ticagrelor. It was similar to the study from
Lindholm et al., (2014) in patients with NSTE-ACS; the primary end
point was better on ticagrelor compared to clopidogrel (10.0% vs.
12.3%, HR 0.83, CI 95% 0, 74-.93) [30]. However, this study differed
from other studies such as Steg et al., (2010) and Kang et al., (2015)
[31, 32]. According to Steg et al., (2010) ticagrelor compared to
clopidogrel therapy did not differ significantly in preventing the
primary endpoint in patients with STEMI with PCI HR 0.87 (95% CI,
0.75 to 1.01, p = 0.07) [31], while study from Kang et al., (2015)
showed us that ticagrelor therapy was not significantly different
than clopidogrel in preventing the primary endpoint in patients who
have CHD in Asia population [32]. This could be due to differences in
the characteristics of the subject, method, sample size, type of
disease and some possible causes that could affect the results.
In this study, repeated revascularization was not significantly
affected by antiplatelet. The variable that influenced the repeat
revascularization procedure was ACE inhibitor. The ACE inhibitor
can lower the risk of cardiovascular events [19], but the analysis of
survival in this study showed it had a higher risk of repeat
revascularization procedure significantly. This was likely due to

Ticagrelor
n = 111
10
6
4
2

HR
(%)
(9.0)
(5.4)
(3.6)
(1.8)

1,96
2,32
2,08
0.77

CI 95%
Lower
1,01
0.99
0.73
0.14

p
Upper
3.81
5.42
5,93
4.25

0.047
0.05
0.17
0.77

comorbidities, characteristics of the subject, study design, sample
size, disease and others.
Analysis of survival with one-year follow-up in myocardial infarction
indicated that the clopidogrel had a higher risk of myocardial
infarction but not significant with HR 2,08 (95% CI, 0.73 to 5.93, p =
0.172) compared to ticagrelor. Study from Steg et al., (2010) showed
that ticagrelor was better significantly in preventing myocardial
infarction in PCI patients with STEMI (ticagrelor 4.7% vs clopidogrel
5.8%, HR 0.80 95% CI 0.65 to 0.98, p = 0.03) [31]. A study from
Lindholm et al., (2014) in patients with NSTE-ACS stated that
prevention of myocardial infarction was better on ticagrelor
compared to clopidogrel with HR of 0.86 (95% CI 0.74 to 0.99)
[30]. While Kang et al., (2015) showed ticagrelor therapy was not
significantly different than clopidogrel in preventing myocardial
infarction in Asian patients who have CHD (HR 0.83, 95% CI 0.59 to
1.16) [32]. Analysis of survival in death for 1 y showed that betablocker therapy can reduce the risk of death. This was consistent
with other research that concluded in patients with CHD who
underwent noncardiac surgery, beta-blockers can reduce the
incidence of death and MACE significantly, especially in patients who
have recently experienced a myocardial infarction and patients with
heart failure [33]. Beta-blocker therapy in heart failure patients also
proven to reduce the risk of sudden death from a cardiovascular
event by 31%, 29% cardiovascular death and death from all causes
by 33% [34].
Univariate Cox regression analysis showed that clopidogrel had a
lower risk of death compared to ticagrelor but insignificant with HR
0.77 (95% CI, 0.14 to 4.25, p = 0.77). Steg et al., (2010) found that
ticagrelor therapy did not differ significantly in preventing death in
patients with STEMI (5.0% ticagrelor vs clopidogrel 6.1%, HR 0.80
95% CI 0.67 to 1.00 p = 0.05) [30]. Lindholm et al., (2014) showed
that in patients with NSTE-ACS, the death incidence was better on
ticagrelor compared to clopidogrel (4.3% vs 5.8%, HR 0.76, 95% CI
0.64 to 0.90) [31]. Kang et al., (2015) indicated that ticagrelor
therapy was not significantly different than clopidogrel in
preventing death in Asian patients who have CHD (HR 0.77, 95% CI
0.51 to 1.17) [32].
This research had some limitations because of some factors; single
centre study, retrospective cohort design, different MACE definition,
data registry of drug use and prescribing, and diseases such as CHD,
myocardial infarction, and death were not documented well in
Indonesia. To solve the limitations, we used survival analysis. The
data would be censored if there were discontinuation of therapy,
replacement therapy, loss to follow-up or cardiovascular events such
as repeat revascularization procedure, myocardial infarction, and
death.
Although this research still had some limitations, this study was
expected to be the foundation for conducting further study to
investigate the effectiveness of available antiplatelet in Indonesia to
investigate the MACE with a higher level of evidence and include
drug safety profile. Furthermore, other variables can be investigated
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such as the characteristic of the subjects (e. g., ethnicity, nutritional
status), other comorbidities, laboratory data, procedures,
concomitant therapy and much more.
CONCLUSION
We concluded that clopidogrel therapy had a significantly greater
risk of MACE compared with ticagrelor in CHD patients with 1-year
follow-up after PCI. However, there was no significant difference
between ticagrelor and clopidogrel on the risk of repeat
revascularization, myocardial infarction, and death.
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