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Abstract \
Background: The current study compared the efficacy and safety of clopidogrel vs aspirin in the secondary prevention of ischemic
stroke (IS).

Methods: We included patients from the Taiwan National Health Insurance Research Database who were aged between 20 and 80
years, had their first ever IS, had no diagnosis of atrial fibrillation, and had not used an oral anticoagulant before the index IS between
2002 and 2010. We excluded patients who died or were admitted to a hospital due to acute myocardial infarction, recurrent IS, or
major bleeding within 3 months of IS. Patients were then classified into clopidogrel as aspirin users. Propensity score matching was
adopted to select clopidogrel and aspirin groups with similar baseline characteristics (n=8457 vs 16,914, mean follow-up period
of 2.1 years and 1.9 years, respectively). Conditional Cox proportional hazard regression was used to compare risks of all-cause
death, cardiovascular death, recurrent stroke, acute myocardial infarction, and major bleeding in clopidogrel users and aspirin users.
Results: The risks of all-cause death, cardiovascular death, recurrent stroke, and acute myocardial infarction did not differ between
clopidogrel and aspirin users. Subgroup analyses revealed that the results were consistent regardless of age, disease severity, or
comorbidity.

Conclusion: According to real-world data, the efficacy and safety of clopidogrel and aspirin for secondary prevention of stable IS

did not differ.
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1. INTRODUCTION

An antiplatelet agent is recommended for the prevention of
noncardioembolic stroke."? Short-term dual antiplatelet ther-
apy (DAPT) was more effective than single antiplatelet therapy
(SAPT) in patients with minor ischemic stroke (IS) or those at
a high risk of transient ischemic attack;** however, long-term
DAPT was not found to be superior to SAPT in secondary stroke
prevention.’” Therefore, in most patients with noncardioem-
bolic stroke, SAPT is administered at the chronic stage. Aspirin
and clopidogrel are the most commonly prescribed antiplatelet
agents. In a clinical trial of clopidogrel vs aspirin in patients
at risk of ischemic events (CAPRIE), clopidogrel had superior
efficacy in preventing composite vascular events (IS, myocardial
infarction, and vascular death) and resulted in a lower rate of

*Address correspondence. Dr. Nai-Fang Chi, Neurological Institute, Taipei
Veterans General Hospital, 201, Section 2, Shi-Pai Road, Taipei 112, Taiwan,
ROC. E-mail address: naifangchi@gmail.com (N.-F. Chi).

Conflicts of interest: The authors declare that they have no conflicts of interest
related to the subject matter or materials discussed in this article.

Journal of Chinese Medical Association. (2020) 83: 651-656.

Received October 9, 2019; accepted February 3, 2020.

doi: 10.1097/JCMA.0000000000000361.

Copyright © 2020, the Chinese Medical Association. This is an open access

article under the CC BY-NC-ND license (http.//creativecommons.org/licenses/
by-nc-nd/4.0/)

www.ejcma.org

gastrointestinal bleeding compared with aspirin.® The CAPRIE
trial was the only SAPT trial comparing aspirin with clopdi-
ogrel in vascular disease prevention; however, it did not enroll
the East Asian population, and it was not powered to compare
the efficacy of aspirin and clopidogrel in secondary stroke pre-
vention. In addition, exclusion criteria for the CAPRIE trial
were relatively strict: patients of bedridden or demented status,
patients who received carotid endarterectomy, patients with life
expectancy of less than 3 years, and patients with uncontrolled
hypertension were excluded. These medical conditions are com-
monly present in patients with IS. Because of the criteria, only
32% of real-world patients with IS would have been eligible for
the CAPRIE trial.” In retrospective studies comparing efficacy
and safety between aspirin and clopidogrel in secondary stroke
prevention, results were inconsistent due to uncontrolled con-
founding factors.!®!! Therefore, whether clopidogrel is superior
to aspirin in real-world efficacy and safety remains unclear. The
purpose of this study was to compare the efficacy and safety of
aspirin and clopidogrel in secondary stroke prevention by using
a nationwide health insurance database in Taiwan.

2. METHODS

2.1. Data source and ethics statement

Patients were selected from the National Health Insurance
Research Database (NHIRD), a population-based claims
database, which covers most health care services to residents
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Patients first hospitalized due to ischemic stroke and received clopidogrel or aspirin
during admission between 2002 and 2010, N=209,543

117,081 Excluded

. Aged were <20 or >80, sex information missing or not a citizen in Taiwan (n=45,082)

. Had a history of stroke admission (n=14,811) or diagnosis of with AF or received oral anticoagulants (n=15,207)
before or during the index stroke admission

. Had died (n=6,511) or a hospitalization due to AMI (n=1,197), stroke (n=13,708) or bleeding (n=5,637) or had both
clopidogrel and aspirin (n=921) or had other types of antiplatelet (n=4,225) or had neither clopidogrel nor aspirin
(n=9,782) within three months after the index stroke admission

Stable ischemic stroke patients, received clopidogrel or aspirin, and survived for at
least three months after ischemic stroke, n= 92,462

19,061 Excluded

. Unable to have aspirin or clopidogrel more than 4 weeks (n=14,768)
. Had died (n=76) or hospitalized due to AMI (n=173), stroke (n=2,492) or bleeding (n=1,552) within 4 weeks after the
timing of being assigned the initial drug treatment

A

Stable ischemic stroke patients continuously received clopidogrel or aspirin for at
least 4 weeks after assigning the initial drug treatment, n=73,401

¥
v v

Clopidogrel user, n=9,315 | | Aspirin user, n=64,086

e T

| Aspirin user, n=16,914

Clopidogrel user, n=8,457 |

Fig. 1 Patient selection process. AF=atrial fibrillation; AMI=acute myocardial infarction; PSM=propensity score matching.

of Taiwan. By law, every resident must enroll in the National
Health Insurance; the rate of coverage was 99% in 2015. The
database we used is maintained by the Health and Welfare
Data Science Center (HWDC), Ministry of Health and Welfare,
Executive Yuan, Taiwan. In this retrospective cohort study, we
extracted data from the NHIRD for the period 2000-2015.
Death records were obtained from the National Death Registry,
a population-based registry for cause of death. The two data-
bases can be linked using unique encrypted identifiers regu-
lated by the HWDC and the Personal Information Protection
Act. The study was approved by the Taipei Medical University
Joint Institutional Review Board (TMU-JIRB, approval no.
N201807062).

2.2, Study cohort

Patients aged between 20 and 80 years who had the first IS and
received SAPT of clopidogrel or aspirin at admission between
2002 and 2010 were identified using International Clinical of
Diseases, Ninth Revision, Clinical Modification codes (ICD-
9-CM: 433.xx, 434.xx, and 436.xx). The date of IS admission
was treated as the index of IS. We excluded patients who had a
diagnosis of atrial fibrillation or had received oral anticoagu-
lants before and at the index date of IS.

Early recurrence of IS or mortality (within 3 months of IS,
referred to hereafter as acute stage) was largely determined by
etiologies,'? comorbitidies,”* and complications.'**¢ In obser-
vational studies, these factors confound the efficacy and safety
analysis of antiplatelet drugs and may with difficulty be con-
trolled for by using complex study design or statistical methods.
Therefore, we excluded patients who died or were admitted to a
hospital due to acute myocardial infarction (AMI), recurrent IS,
or major bleeding in the acute stage. Briefly, patients in our study
were survivors of the first IS who had neither a new vascular
event nor major bleeding within 3 months of IS (stable first IS).

Because interchanges between aspirin and clopidogrel were
common in these patients in the acute stage, we applied strict
criteria to include only patients who continuously received
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aspirin or clopidogrel for at least 4 weeks in the stable stage
in the final analysis to reduce the effect of antiplatelet changes
on vascular events. Therefore, an aspirin user was defined as a
patient who continuously used aspirin for more than 4 weeks
in the stable stage. If a patient died or had AMI, IS, or major
bleeding before completing the first 4 weeks of clopidogrel or
aspirin use, they were excluded. The observational period of
vascular events started after 4-week SAPT, and SAPT had to
have been started within 3 months after stroke. Fig. 1 depicts
the process of patient selection in more detail. Detailed infor-
mation on the ICD-9-CM for disease diagnostic coding and
Anatomical Therapeutic Chemical codes for medications is pro-
vided in Supplementary Table. A total of 9315 clopidogrel users
and 64,086 aspirin users were identified.

2.3. Previous or coexisting diseases or medications
Baseline characteristics were derived according to patients’ inpa-
tient, outpatient, and pharmacy claims. The observation period
was 11 months before and 1 month after the index of IS. We
adopted the proxy of the National Institute of Health Stroke
Scale (NIHSS) score developed by Sung et al. based on admin-
istrative databases to adjust the severity of IS admission.!” The
Charlson comorbidity index (CCI), an indicator of comorbid-
ity, was also applied. Previous and coexisting diseases included
hypertension, diabetes mellitus, dyslipidemia, and AMI. To
increase the validity of a disease diagnosis, patients were identi-
fied as having a specific disease if they had a hospital admission
or visited a clinic at least twice with the same diagnosis during
the observation period. Major bleeding was defined as having a
hospital admission due to a bleeding event.

2.4. Propensity score matching

The baseline characteristics of the initial defined clopidogrel
users (n=93135) and aspirin users (n=64,086) differed. Thus, a
propensity score was used to select a clopidogrel user matching
two aspirin users. Logistic regression was used to calculate the
propensity scores of using aspirin or clopidogrel based on age,
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sex, NTHSS score, CCI score, previous coexisting disease, use of
PPIs, and years since IS diagnosis.

2.5. Outcomes

The outcomes of interest were recurrent IS, AMI, composite vas-
cular events (recurrent IS + AMI), cardiovascular disease (CVD)
death, all-cause death, and major bleeding within a 5-year fol-
low-up period. CVD death was defined as death due to ischemic
or hemorrhagic stroke or AMI. For recurrent IS, AMI, and
major bleeding, we used discharge claims to identify occurrence.

2.6. Statistical analysis

Both clopidogrel and aspirin users were followed from the date
when the drug was assigned until a 5-year observational period.
The observational period ended when the patient had recurrent
IS, AMI, or major bleeding. For patients who did not have an
outcome event, the observational period ended at the date of
the last database entry or when they (1) died before the occur-
rence of recurrent IS, AMI, or major bleeding, (2) switched the
initially assigned antiplatelet or received any other type of anti-
platelet, or (3) stopped receiving the initially assigned antiplate-
let. Standardized mean differences (SMDs) among all covariates
were used to evaluate differences between matched pairs. An
imbalance was defined as an absolute value of >0.1. Cox propor-
tional hazard regression analysis was used to compare the risk
of outcomes of interest between clopidogrel and aspirin users,
conditional to matched pairs. All analyses were performed using
SAS/STAT 9.4 software (SAS Institute Inc., Cary, NC, USA) and
STATA 14 software (Stata Corp LP, College Station, TX, USA).
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3. RESULTS

The patient selection process is displayed in Figure 1. The base-
line characteristics are described in Table 1. Before propensity
score matching (PSM), clopidogrel users were more likely to
be older, have higher NIHSS and CCI scores, have a history of
major bleeding, and have received more PPIs compared with
aspirin users. After 1:2 PSM, 8457 clopidogrel users and 16,914
aspirin users with similar baseline characteristics were enrolled
for the final analysis. The mean follow-up period was 2.1 and
1.9 years for clopidogrel and aspirin users, respectively.

The comparisons of outcomes between clopidogrel and aspi-
rin users are presented in Table 2. The incidence rates of recur-
rent IS, AMI, composite vascular events, CVD death, all-cause
death, major bleeding, and gastrointestinal bleeding with PPI
use were not significantly different between clopidogrel and
aspirin users. The adjusted risks of all outcomes for aspirin users
were not significantly different from those for clopidogrel users
(hazard ratios were not significant). The Kaplan—Meier curves
of all outcomes are provided in Supplementary Figures S1-S6.

Given the base characteristics of the study cohort before
PSM, clopidogrel was likely favored over aspirin in the SAPT
of older patients with higher stroke severity and more comor-
bidities. Therefore, we conducted subgroup analyses to investi-
gate whether clopidogrel was superior to aspirin (Table 1). The
results of subgroup analyses comparing recurrent IS and CVD
death between clopidogrel users and aspirin users are presented
in Fig. 2. In the subgroups of age > 70 years, NIHSS score > 3,
CCI score > 3, history of AMI, hypertension, diabetes mellitus,
dyslipidemia, or major bleeding, the risk of recurrent IS or CVD

Baseline characteristics of patients with stable ischemic stroke who received clopidogrel or aspirin prior to and after PSM

Before PSM After PSM
Clopidogrel users Aspirin Users Clopidogrel users Aspirin users
n (%) n (%) SMD n (%) n (%) SMD

Sample size, n 9315 64,086 8457 16,914
Male 5734 (61.6) 38,974 (60.8) 0.015 5169 61.1) 10,338 61.1) <0.001
Age, y [mean, SD] [65.4,9.8] [63.6,10.6] [65.5,9.6] [65.5,9.6]

<40 114 (1.2 1366 (2.1) 0.071 85 (1.0) 167 (1.0) 0.002

40-64 3637 (39.0) 29,401 (45.9) 0.139 3316 (39.2) 6630 (39.2) <0.001

65-74 3750 (40.3) 22,626 (35.3) 0.102 3423 (40.5) 6846 (40.5) <0.001

>75 1814 (19.5) 10,693 (16.7) 0.073 1633 (19.3) 3271 (19.3) 0.001
NIHSS [mean, SD] [6.2,4.0] [6.2,2.8] [6.9,3.7] [5.9, 3.6]

0-4 6647 (71.4) 53,621 (83.7) 0.298 6304 (74.5) 12,608 (74.5) <0.001

5-9 1366 (14.7) 6541 (10.2) 0.135 1187 (14.0) 2374 (14.0) <0.001

>10 1302 (14.0) 3924 6.1) 0.263 966 (11.4) 1932 (11.4) <0.001
CCl, [mean, SD] [2.9,1.8] [2.5,1.6] [2.7,1.7] [2.6,1.7]

0-2 4724 (650.7) 37,665 (58.8) 0.162 4553 (63.9) 9099 (53.8) 0.001

3-5 3749 (40.2) 23,032 (35.9) 0.089 3348 (39.6) 6696 (39.6) <0.001

>6 842 9.0 3389 (5.3 0.146 556 (6.6) 1119 (6.6) 0.002
Previous or coexisting diseases, yes

Hypertension 7137 (76.6) 49,274 (76.9) 0.006 6500 (76.9) 13,196 (78.0) 0.028

Diabetes mellitus 3977 42.7) 26,732 41.7) 0.02 3531 41.8) 7075 41.8) 0.002

Dyslipidemia 3612 (38.8) 24,760 (38.6) 0.003 3297 (39.0) 6462 (38.2) 0.016

Myocardial infarction 214 (2.9 701 (1.1) 0.093 163 1.9 233 (1.4 0.043

Major bleeding 586 6.3) 1894 (3.0 0.159 266 (3.1) 525 (3.1) 0.002

Proton pump inhibitors 344 (3.7) 421 0.7) 0.209 38 0.9 76 0.4) <0.001
Year of ischemic stroke diagnosis

2002-2004 3473 (37.3) 19,166 (29.9) 0.157 3235 (38.3) 6470 (38.3) <0.001

2005-2007 2677 (28.7) 22,444 (35.0) 0.135 2401 (28.4) 4802 (28.4) <0.001

2008-2010 3165 (34.0) 22,476 (35.1) 0.023 2821 (33.4) 5642 (33.4) <0.001
Follow-up period, y [mean, SD] [21,1.9] [2.8,2.0] [2.1,1.9] [1.9,1.8]

Follow-up period was measured from the date of start to the end of the study period or date of all-cause death.

CCl=Charlson comorbidity index; NIHSS=National Institute of Health Stroke Scale; PSM=propensity score matching; SMD=standardized mean difference; an imbalance was defined as absolute value of >0.1.
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Incidence (per 1000 PY) and adjusted HR of death, recurrent
stroke, myocardial infarction, and major bleeding in stable
ischemic stroke patients receiving clopidogrel or aspirin

No. of Incidence Adjusted* HR

Outcomes/user group PY events (95% Cl) (95% ClI)
Recurrent ischemic stroke

Clopidogrel 16,819 500 29.7 (27.2-32.5) 1.00 (Ref.)

Aspirin 30,418 875  28.8(26.9-30.7) 0.94 (0.85-1.05)
Acute myocardial infarction

Clopidogrel 17,473 71 4.06(3.22-5.13)  1.00 (Ref)

Aspirin 31,504 110 3.49(2.90-4.21) 0.87 (0.64-1.17)
Recurrent stroke & myocardial infarction

Clopidogrel 16,791 560 33.4(30.7-36.2) 1.00 (Ref.)

Aspirin 30,394 966  31.8(29.8-33.9) 0.93(0.84-1.04)
CVD death

Clopidogrel 17,506 130  7.43(6.25-8.82) 1.00 (Ref.)

Aspirin 31,533 238 7.55(6.65-8.57) 1.00(0.81-1.24)
All-cause death

Clopidogrel 17,506 784  44.8(41.8-48.0) 1.00 (Ref.)

Aspirin 31,533 1403  44.5(42.2-46.9) 1.00(0.91-1.09)
Major bleeding

Clopidogrel 15,575 1187  76.2(72.0-80.7) 1.00 (Ref.)

Aspirin 28,924 2087 72.2(69.1-75.3) 0.94(0.87-1.01)

*Adjusted all covariates listed in Table 1.
Cl=confidence interval; CVD=cardiovascular disease; HR=hazard ratio; Ref=reference group.

death was not significantly different between clopidogrel users
and aspirin users.

4. DISCUSSION

In this study, we determined that clopidogrel is not superior
to aspirin in the prevention of secondary IS, AMI, composite
vascular events, death, or major bleeding complications.
Subgroup analyses revealed that the results were consistent
regardless of age, disease severity, or comorbidity.
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The advantage of the current study is the use of a nation-
wide population database, which includes the data of numer-
ous patients and thus reflects real-world practice. The size of the
current study (clopidogrel vs aspirin, n=8457 vs 16,914) was
larger than that of the CAPRIE trial (n=9599 vs 9586 in all par-
ticipants, and n=3223 vs. 3198 in the stroke subgroup) and was
larger than that in the Danish nationwide registry (n=3885 vs
3043) and Taiwan Stroke Registry (n=6443 vs 6443) studies.'®!!
In addition, the mean follow-up period of the present study (2.1
and 1.9 years for clopidogrel and aspirin users, respectively)
was comparable to that of the CAPRIE trial (1.9 years) and was
longer than that of the Danish nationwide registry (335 days)
and Taiwan Stroke Registry (12 months) studies.!®!! Therefore,
the results of the current study are robust.

In the CAPRIE trial, clopidogrel was found to be superior to
aspirin with fewer composite vascular events and less gastro-
intestinal bleeding.® These advantages were not present in the
current study. The differing results between the current study
and the CAPRIE trial may be explained by participants’ char-
acteristics. The prevalence of hypertension and diabetes in the
current study (77% and 42%, respectively) was higher than
that in the CAPRIE trial (65% and 25% in the stroke subgroup,
respectively), a reflection that clinical trials intend to exclude
patients with more comorbidities. Therefore, clopidogrel may
be superior to aspirin only in patients with fewer comorbidi-
ties. However, the subgroup analysis in the current study identi-
fied no difference between patients with CCI > 3 and those with
CCI < 3; thus, clopidogrel and aspirin were similarly effective in
patients with few or multiple comorbidities.

The current study estimated vascular events after more than
3 months of IS, whereas the CAPRIE trial estimated vascular
events after more than 1 week of IS. Therefore, clopidogrel
may be more effective than aspirin at acute to subacute but
not chronic stage of IS. However, in trials of aspirin vs control
in the secondary prevention of stroke, aspirin was found to be
superior to control predominantly within 6 weeks of IS, and
the difference in efficacy between aspirin and control dimin-
ished with time.'® In trials of DAPT (clopidogrel plus aspirin) vs
SAPT (aspirin alone), DAPT was found to be superior to SAPT

CVD death Recurrent IS
No. of Adjusted HR No. of Adjusted HR

Characteristics PY events Incidence (95% Cl) (95% CI) PY events Incidence (95% Cl) (95% CI)
Agez70

Clopidogrel 7,055 88 125 (10.1-15.4) 1.00 (Ref.) 6,702 244 36.4 (32.1-41.3) 1.00 (Ref.)

Aspirin 12,644 159 126 (10.8-14.7) 1.00 (0.77-1.30) * 12,155 391 322 (291-355) 086 (0.74-101) ™
NIHSS=5

Clopidogrel 4,475 65 145 (11.4-18.5) 1.00 (Ref.) 4,287 131 30.6 (25.8-36.3) 1.00 (Ref.)

Aspirin 8,172 108 13.2 (10.9-16.0) 0.90 (0.66-1.22) - 7,896 218 27.6 (24.2-31.5) 0.88 (0.71-1.10) -
caz3

Clopidogrel 7,657 64 836 (6.54-10.7) 1.00 (Ref.) 7,313 281 38.4 (34.2-43.2) 1.00 (Ref)

Aspirin 13,978 119 851 (7.11-10.2) 1.02 (0.75-1.38) + 13,363 494 37.0 33.8-40.4) 0.94 (0.81-1.09) b
Had a history of AMI

Clopidogrel 281 S 17.8 (7.40-42.7) 1.00 (Ref.) 260 12 46.2 (26.2-81.3) 1.00 (Ref.)

Aspirin 411 5 122 (5.07-29.2) 0.68 (0.20-2.33) ~ ™ 396 14 353 (20.9-59.7) 0.78 (0.36-1.69) — ™
Had a history of hypertension

Clopidogrel 13,281 99 7.45 (6.12-9.08) 1.00 (Ref.) 12,726 411 323 (29.3-35.6) 1.00 (Ref)

Aspirin 24610 189 7.68 (6.66-8.86) 1.03 (0.80-1.31) * 23,687 718 30.3 (28.2-326) 092 (0.82-1.04) -
Had a history of dyslipidemia

Clopidogrel 7,078 38 537 (3.91-7.38) 1.00 (Ref) 6,837 185 27.1 (23.4-31.3) 1.00 (Ref)

Aspirin 12,453 71 5.70 (4.52-7.19) 1.04 (0.70-1.55) i 12,036 339 28.2 (25.3-31.3) 1.02 (0.85-1.21) *
Had a history of diabetic mellitus

Clopidogrel 7,071 56 7.92 (6.09-10.3) 1.00 (Ref.) 6,753 260 385 (34.1-43.5) 1.00 (Ref)

Aspirin 12,584 97 7.71 (6.32-9.41) 0.98 (0.70-1.36) - 12,021 461 384 (35.0-42.0) 0.96 (0.83-1.12) -
Had a history of bleeding hospitalization

Clopidogrel 500 7 14.0 (6.67-29.4) 1.00 (Ref.) 466 21 45.1 (29.4-69.1) 1.00 (Ref.)

Aspirin 894 6 671 (3.02-149) 050 (0.17-1.50) ~= 861 33 383 (27.3-53.9) 0.84 (0.48-145) ~™—

- - .

0.0 10 2.0

0.0 1.0 20

Fig. 2 Subgroup analysis of the incidence rate (per 1000 patient-year) and adjusted hazard ratios of cardiovascular disease death and recurrent ischemic stroke
in clopidogrel users compared with aspirin users. CVD=cardiovascular disease; HR=hazard ratio; IS=ischemic stroke; PY=patient-year.
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predominantly within 3 weeks of IS.3 Therefore, the efficacy of
antiplatelet therapy in the prevention of IS diminishes with time,
which may explain the lack of a difference in efficacy between
clopidogrel and aspirin after 3 months of IS, as in the current
study. However, in a trial of ticagrelor vs aspirin for secondary
prevention of cardiovascular diseases, ticagrelor was not identi-
fied to be significantly superior to aspirin within 3 months of
IS.2° It is possible that the efficacies of SAPTs currently available
do not differ in the prevention of IS regardless of the disease
stage.

More than 90% of the CAPRIE trial participants were
Caucasians, whereas the current study enrolled only East Asians.
The incidence rate of clopidogrel resistance caused by CYP2C19
loss-of-function alleles is approximately 50% in East Asians
and 26% in Caucasians.??? In a trial of DAPT with clopidogrel
plus aspirin in Chinese patients with minor stroke or transient
ischemic attack, DAPT was determined to be superior to aspi-
rin alone in reducing recurrent stroke only in patients with-
out CYP2C19 loss-of-function alleles.? Therefore, clopidogrel
may be more effective in the prevention of CVDs than aspirin
in Caucasians but not in East Asians. In addition, in the cur-
rent study, clopidogrel users had a higher chance of using PPIs
than did aspirin users, reflecting that the reason for choosing
clopidogrel was the presence of a peptic ulcer or gastrointestinal
bleeding. Certain PPIs, such as omeprazole and esomeprazole,
reduce the activity of CYP2C19, and the active metabolite level
of clopidogrel in blood?** and may negatively affect the efficacy
of clopidogrel in East Asians carrying CYP2C19 loss-of-func-
tion alleles. Nevertheless, in the current study, the number of PPI
users was low (0.4%) in either group after PSM; thus, the prob-
lem of PPI-related clopidogrel activity inhibition was alleviated.

The current study has several limitations. First, the reason for
choosing clopidogrel or aspirin was not recorded in the database.
In real-world practice, the reason for choosing a medicine is usu-
ally according to the clinical characteristics of the patient, which
usually results in an imbalance of baseline characteristics between
groups using different medicines. In addition, many variables
affecting the risk of vascular events such as tobacco smoking and
exercise habits as well as the stroke type were also not recorded
in the database. Therefore, potential selection bias could not be
excluded, although we matched most known risk factors for vas-
cular disease and mortality in the PSM. Second, because we inves-
tigated only vascular events after 3 months of IS, the results may
not apply in vascular events within 3 months of IS. Additional
studies are encouraged to investigate the drug effect on patients
in the acute stage because the majority of vascular events would
be in the acute stage. Third, we enrolled only patients in Taiwan;
thus, the results may not generalize to other ethnic groups, espe-
cially Caucasians. Fourth, coding errors may exist in a claim-
based study and may affect the accuracy of conclusions.

In conclusion, the efficacy and safety of clopidogrel and aspi-
rin for secondary prevention of stable IS do not differ according
to real-world data. In view of health resource allocation, aspirin
should be preferred to clopidogrel for patients with stable IS.
The prescription of clopidogrel instead of aspirin for stable IS
should be based on a justification other than efficacy or safety.
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