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Abstract

Background: Individuals presenting with transient ischemic attack
(TIA) or minor ischemic stroke face a substantial risk of early stroke
recurrence. Although dual antiplatelet therapy (DAPT) lowers the
incidence of ischemic events, it is accompanied by an elevated
bleeding risk. Moreover, CYP2C19 genetic polymorphisms, par-
ticularly loss-of-function (LOF) variants, may impair clopidogrel
metabolism and attenuate its antiplatelet efficacy, underscoring the
need to evaluate alternative therapeutic strategies. This study aimed
to compare the efficacy and safety of ticagrelor plus aspirin versus
clopidogrel plus aspirin among CYP2C19 LOF carriers with TIA or
minor ischemic stroke.

Methods: A systematic review and meta-analysis was performed fol-
lowing PRISMA recommendations. Electronic databases including
PubMed, Scopus, and Google Scholar were systematically screened
to identify randomized controlled trials evaluating ticagrelor—aspirin
versus clopidogrel-aspirin in patients harboring CYP2C19 LOF al-
leles. Primary and secondary outcomes comprised 90-day recurrent
ischemic or hemorrhagic stroke, composite vascular events, intrac-
ranial hemorrhage, and all-cause mortality. Pooled risk ratios (RRs)
with corresponding 95% confidence intervals (Cls) were calculated to
estimate treatment effects.

Results: Twelve eligible studies encompassing 64,128 CYP2C19
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LOF carriers were included in the final analysis. Compared with
clopidogrel-aspirin therapy, ticagrelor—aspirin was associated with a
significantly lower risk of recurrent stroke at 90 days (P < 0.00001)
and composite vascular events (P < 0.00001). Additionally, ticagre-
lor-based DAPT demonstrated a reduced incidence of intracranial
hemorrhage (P = 0.005) and mortality (P < 0.0001).

Conclusion: Among CYP2C19 LOF carriers with TIA or minor is-
chemic stroke, ticagrelor combined with aspirin appears to offer su-
perior protection against recurrent stroke and vascular complications
compared with clopidogrel-aspirin, while also reducing intracranial
hemorrhage and mortality. Nevertheless, individualized risk—benefit
assessment remains essential, particularly considering the bleeding
profile associated with ticagrelor.

Keywords: Ticagrelor; Clopidogrel; Aspirin; Transient ischemic at-
tack; CYP2C19 loss-of-function

Introduction

Patients presenting with transient ischemic attack (TTIA) or
minor ischemic stroke face a substantial risk of early stroke
recurrence, particularly within the first weeks following the
index event. Dual antiplatelet therapy (DAPT), most com-
monly clopidogrel combined with aspirin, has been shown
to lower the incidence of recurrent ischemic events in both
cardiovascular and cerebrovascular settings, although this
benefit is accompanied by an increased risk of major bleed-
ing complications [1].

The Platelet-Oriented Inhibition in New TIA and Minor Is-
chemic Stroke (POINT) trial, a large international randomized,
double-blind, placebo-controlled study, evaluated a 90-day regi-
men of clopidogrel plus aspirin versus aspirin monotherapy in
patients with high-risk TIA or minor ischemic stroke. The study
demonstrated a significant reduction in major ischemic events
with combination therapy; however, this advantage was offset by
amodest but statistically significant increase in major hemorrhage
[2]. Likewise, the Clopidogrel in High-Risk Patients with Non-
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disabling Cerebrovascular Events (CHANCE) trial conducted in
a Chinese population reported that 21 days of clopidogrel-aspirin
therapy reduced recurrent stroke without a significant rise in bleed-
ing events, with the greatest net clinical benefit observed during
the early treatment period [3].

Despite these favorable outcomes, the effectiveness of
clopidogrel is highly dependent on hepatic bioactivation
through the cytochrome P450 system. As a prodrug, clopi-
dogrel requires metabolic conversion to its active form, a pro-
cess influenced by genetic polymorphisms of the CYP2C19
enzyme. Carriers of CYP2C19 loss-of-function (LOF) alleles
estimated to affect approximately 25% of Caucasians and up
to 60% of Asian individuals demonstrate reduced formation of
the active metabolite, leading to attenuated platelet inhibition
and potentially higher rates of recurrent ischemic events fol-
lowing TIA or minor stroke [4].

Ticagrelor represents a pharmacologically distinct alter-
native. As a direct and reversible P2Y 12 receptor antagonist,
ticagrelor does not require metabolic activation, thereby pro-
viding more consistent platelet inhibition across genetic back-
grounds. Clinical evidence indicates that ticagrelor in com-
bination with aspirin is more effective than aspirin alone in
reducing stroke recurrence and mortality among patients with
acute mild-to-moderate ischemic stroke or high-risk TIA [5].
Furthermore, the Platelet Reactivity in Acute Stroke or Tran-
sient Ischemic Attack (PRINCE) trial demonstrated lower
platelet reactivity with ticagrelor—aspirin compared with clopi-
dogrel—aspirin, particularly among carriers of CYP2C19 LOF
variants [6]. These findings raise the possibility that ticagrelor-
based DAPT may confer greater protection in genetically sus-
ceptible individuals.

Given the differences in pharmacokinetic mechanisms
between clopidogrel and ticagrelor, together with the substan-
tial interindividual variability in CYP2C19 activity, a com-
parative evaluation of their efficacy and safety in CYP2C19
LOF carriers is clinically warranted. The present systematic
review and meta-analysis therefore aims to synthesize existing
evidence comparing ticagrelor—aspirin and clopidogrel-aspi-
rin in patients with TIA or minor ischemic stroke who harbor
CYP2C19 LOF alleles. By examining both recurrent ischemic
outcomes and bleeding complications, this study seeks to pro-
vide clinically meaningful insights to guide personalized anti-
platelet strategies in this high-risk population.

Materials and Methods

Study design

The present study employed a systematic review and meta-
analysis framework and adhered to the reporting standards es-
tablished by the PRISMA guidelines.

Data sources and literature search

The literature search was independently performed by two
reviewers (INW and INGNY) across PubMed, Scopus, and

Google Scholar. All eligible publications from database incep-
tion through October 13, 2024, were considered. The search
strategy combined the following keywords and Boolean opera-
tors: (“ticagrelor”) AND (“clopidogrel”) AND (“stroke” OR
“transient ischemic attack” OR “acute ischemic stroke’’) AND
(“randomized controlled trial” OR “RCT” OR “randomized
trial” OR “clinical trial”) AND (“CYP2C19” AND “loss-of-
function carrier”).

The search was specifically limited to randomized studies
investigating the efficacy and safety of DAPT with ticagrelor
plus aspirin compared with clopidogrel plus aspirin in patients
with stroke or TIA who carried CYP2C19 LOF alleles. The
study selection process is illustrated in Figure 1.

Study selection criteria and quality assessment

Study eligibility was defined a priori according to predefined
inclusion and exclusion criteria. Eligible studies enrolled adult
patients (> 18 years) diagnosed with minor ischemic stroke or
TIA who received DAPT consisting of either ticagrelor plus
aspirin or clopidogrel plus aspirin. Only studies involving CY-
P2C19 LOF allele carriers, confirmed through genetic testing
or documented genotype data, were considered. Furthermore,
included articles were required to be randomized controlled
trials or clinical trials directly comparing ticagrelor—aspirin
with clopidogrel-aspirin in stroke or TIA populations and to
report follow-up outcomes related to recurrent stroke, major
adverse cardiovascular events (MACEs), or treatment-associ-
ated adverse events.

Studies were excluded if they involved patients with pri-
or hemorrhagic stroke or other non-ischemic cerebrovascular
conditions, such as hemorrhagic transformation or cerebral
venous thrombosis. Additional exclusion criteria comprised
participants younger than 18 years or older than 80 years, ab-
sence of CYP2C19 genotyping data or lack of specific analy-
sis in LOF carriers, non-randomized or observational study
designs, insufficient follow-up duration (< 3 months), incom-
plete reporting of primary outcomes (e.g., recurrent stroke or
major bleeding), and the presence of contraindications to an-
tiplatelet therapy or serious comorbid conditions that would
preclude the administration of ticagrelor—aspirin or clopidog-
rel-aspirin.

The study selection process was conducted independent-
ly by two reviewers (INW and INGNY), who screened titles
and abstracts for eligibility. Any discrepancies were resolved
through discussion, with arbitration by a third reviewer
(LPLK) when necessary. Methodological quality and risk of
bias were evaluated using the Cochrane Risk of Bias 2 (RoB
2) tool for randomized controlled trials. Disagreements in
data extraction or quality assessment were addressed through
consensus.

Data extraction

Data extraction was independently performed by two investi-
gators (INW and KDKK) using a standardized data collection
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Figure 1. Flow diagram of the study selection process for articles included in the systematic review and meta-analysis.

form. The following study characteristics were systematically
recorded: first author, year of publication, total sample size,
study design, clinical diagnosis, details of the intervention
regimen, and comparator treatment.

Outcomes

The primary endpoint of this meta-analysis was the incidence
of recurrent ischemic or hemorrhagic stroke within 90 days.
Secondary endpoints included composite vascular events de-
fined as stroke, TIA, myocardial infarction, or vascular death

as well as intracranial hemorrhage and all-cause mortality.
Statistical analysis

Quantitative synthesis was conducted through meta-analytic
techniques to pool effect estimates across eligible studies.
Treatment effects were calculated as risk ratios (RRs) with cor-
responding 95% confidence intervals (CIs) for all predefined
outcomes. Between-study heterogeneity was assessed using
the 12 statistic, with values of approximately 25%, 50%, and
75% interpreted as low, moderate, and high heterogeneity, re-
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spectively. Statistical significance was defined as a two-sided
P-value < 0.05.

A random-effects model was applied in the presence of
moderate to substantial heterogeneity, whereas a fixed-ef-
fects model was used when heterogeneity was minimal. All
statistical analyses were conducted using Review Manager
(RevMan) version 5.1.0 (Cochrane Collaboration, UK). Pub-
lication bias was explored through visual inspection of fun-
nel plots when at least 10 studies were available for a given
outcome.

Research ethics

This study was conducted in accordance with the ethical guide-
lines applicable to systematic reviews and meta-analyses. We
followed the PRISMA guidelines to ensure transparency and
accuracy in our reporting. As this study is a systematic review
and does not involve the collection of primary data from hu-
man subjects, cthical approval from a review board was not
necessary. Additionally, this study has been registered with
PROSPERO under registration number CRD420251002523,
demonstrating our commitment to transparency and methodo-
logical integrity.

Results

Study selection

The initial database search yielded 2,666 records. After re-
moving duplicate entries and screening titles and abstracts,
potentially eligible articles underwent full-text evaluation.
Following the application of predefined inclusion and exclu-
sion criteria, 12 studies met the eligibility requirements and
were incorporated into the final systematic review and meta-
analysis (Fig. 1).

Risk of bias

Methodological quality was appraised using the Cochrane RoB
2 tool. Among the included studies, two trials were judged to
have some concerns regarding potential bias specifically those
conducted by Yang et al (2020) [7] and Yang et al (2020) [8].
The detailed risk-of-bias assessment across all domains is
summarized in Figure 2 [7-18].

Study characteristics

The baseline characteristics of the included trials are summa-
rized in Table 1 [7—18]. Overall, 12 studies published between
2020 and 2024 were analyzed, comprising a total of 64,128
patients with TIA who carried CYP2C19 LOF alleles. Individ-
ual study sample sizes ranged from 339 to 6,412 participants,
reflecting variability in study scale and population character-
istics.

Meta-analysis results
Primary efficacy outcome: recurrent stroke within 90 days

Twelve trials contributed data to the analysis of 90-day recur-
rent stroke (Fig. 3) [7-18]. Moderate between-study hetero-
geneity was observed (1> = 45%); therefore, a random-effects
model was applied. Pooled analysis demonstrated that ticagre-
lor combined with aspirin was associated with a significantly
lower risk of recurrent stroke compared with clopidogrel-aspi-
rin (RR 0.72; 95% CI 0.65-0.80; P < 0.00001).

Composite vascular events

The incidence of composite vascular outcomes was examined
across 12 studies (Fig. 4a) [7—-18]. No significant heteroge-
neity was detected (I> = 0%), and a fixed-effects model was
consequently used. The pooled estimate indicated a significant
reduction in composite vascular events with ticagrelor—aspirin
relative to clopidogrel-aspirin (RR 0.74; 95% CI1 0.70-0.79; P
<0.00001).

Intracranial hemorrhage

Eleven studies reported data on intracranial hemorrhage (Fig.
4b). Given the absence of statistical heterogeneity (I = 0%),
effect estimates were calculated using a fixed-effects model.
Ticagrelor—aspirin therapy was associated with a significantly
lower incidence of intracranial hemorrhage compared with
clopidogrel-aspirin (RR 0.50; 95% CI 0.31-0.82; P = 0.005).

Mortality

Nine studies provided data regarding all-cause mortality (Fig.
4c). With no evidence of heterogeneity (I> = 0%), a fixed-
effects model was applied. The pooled results showed that
treatment with ticagrelor—aspirin significantly reduced mor-
tality compared with clopidogrel-aspirin (RR 0.53; 95% CI
0.39-0.71; P <0.0001).

Publication bias

Between-study heterogeneity was moderate for the primary
endpoint (I> = 45%) and negligible for the secondary out-
comes (I2 = 0%). The moderate heterogeneity observed in
the primary analysis suggests some variability across studies,
potentially arising from differences in study design, patient
characteristics, treatment protocols, or outcome assessment
methods.

To explore the possibility of publication bias, funnel plots
were generated using the meta-bias function in Review Man-
ager version 5.1.0 (Cochrane Collaboration, UK). Visual in-
spection of the plots demonstrated a largely symmetrical distri-
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Figure 2. Risk of bias analysis. (a) Traffic-light plot of the risk of bias assessment using RoB 2, illustrating the bias risk results
across each domain. (b) Overall risk of bias conclusion using RoB 2, summarizing the risk of bias.

bution of studies around the pooled effect estimate, indicating
no evident publication bias for either the primary or secondary

outcomes.

Discussion

This systematic review and meta-analysis evaluated the com-
parative efficacy and safety of ticagrelor—aspirin versus clopi-

dogrel-aspirin in patients with TIA carrying CYP2C19 LOF
alleles. The pooled findings demonstrate that ticagrelor-based
DAPT is associated with significant reductions in recurrent
stroke, composite vascular events, intracranial hemorrhage,
and mortality compared with clopidogrel-aspirin. These results
support the hypothesis that ticagrelor may provide enhanced
vascular protection in genetically susceptible individuals.

The observed differences between the two regimens are
biologically plausible. Clopidogrel is a prodrug requiring
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Table 1. Characteristics of Study Data - (continued)

Control regimen

Intervention regimen

Author

No.

Diagnosis

Study design

Sample
size

Aspirin

Clopidogrel

Aspirin

Ticagrelor

Loading dose of 180 Loading dose of Loading dose of Loading dose of

Transient ischemic

The CHANCE-2 trial, a

6,412

Xie et

75-300 mg on day 1,

300 mg, followed

by 75 mg daily
for days 2-90

mg on day 1, followed 75-300 mg on day 1,

by 90 mg twice daily

for days 2-90

attack who carried

multicenter randomized

double-blind trial

al, 2023

[17]

followed by 75 mg
daily for 21 days

followed by 75 mg
daily for 21 days

CYP2C19 loss-of-

function alleles

Transient ischemic ~ Loading dose of 180 Loading dose of Loading dose of Loading dose of

Pre-specified subgroup

Yanget 339

10.

300 mg on day 1,

300 mg, followed

by 75 mg daily
for days 2-90

mg on day 1, followed 300 mg on day 1,

by 90 mg twice daily

for days 2-90

attack who carried

analysis of PRINCE trial

al, 2020

[7]

followed by 100 mg
daily for 21 days

followed by 100 mg
daily for 21 days

CYP2C19 loss-of-

function alleles

Transient ischemic ~ Loading dose of 180 Loading dose of Loading dose of Loading dose of

Pre-specified subgroup

Yanget 675

11.

300 mg on day 1,

300 mg, followed

by 75 mg daily
for days 2-90

mg on day 1, followed 300 mg on day 1,

by 90 mg twice daily

for days 2-90

attack who carried

analysis of PRINCE trial

al, 2020

(8]

Articles © The authors

followed by 100 mg
daily for 21 days

followed by 100 mg
daily for 21 days

CYP2C19 loss-of-

function alleles

Loading dose of 180 Loading dose of Loading dose of Loading dose of

Transient ischemic

The CHANCE-2 trial, a

Zhang et 6,412
al, 2023

[18]

12.

75-300 mg on day 1,

300 mg, followed

by 75 mg daily
for days 2-90

mg on day 1, followed 75-300 mg on day 1,

by 90 mg twice daily

for days 2-90

attack who carried

multicenter randomized

double-blind trial

followed by 75 mg
daily for 21 days

followed by 75 mg
daily for 21 days

CYP2C19 loss-of-

function alleles

hepatic activation via the CYP2C19 pathway, and LOF al-
leles impair the formation of its active metabolite, resulting
in reduced platelet inhibition and higher residual thrombotic
risk. In contrast, ticagrelor directly and reversibly inhibits the
P2Y12 receptor independently of CYP2C19 metabolism, en-
suring more consistent antiplatelet effects across genotypes.
This pharmacological distinction likely explains the superior
outcomes observed among CYP2C19 LOF carriers, particu-
larly in high-risk TTIA and minor ischemic stroke populations
[9, 10, 19, 20].

Genotype-guided antiplatelet strategies have been ex-
plored in cardiovascular settings, with mixed results. While
the PHARMCLO trial demonstrated reduced MACEs with
genotype-directed therapy in acute coronary syndrome pa-
tients carrying CYP2C19 LOF alleles [11], other trials such
as POPular Genetics and TAILOR-PCI have reported less
consistent findings. In this context, the present analysis pro-
vides stroke-specific evidence supporting the potential role of
ticagrelor—aspirin in secondary prevention among genetically
high-risk TIA patients [12].

Additional pathophysiological mechanisms may further
contribute to these findings. Elevated homocysteine levels,
which are associated with endothelial dysfunction, oxidative
stress, and enhanced platelet activation, may amplify throm-
botic risk in susceptible individuals [13—15]. In patients with
impaired clopidogrel metabolism, these mechanisms may re-
main insufficiently controlled, whereas ticagrelor, through
its potent and genotype-independent platelet inhibition, may
more effectively counteract this prothrombotic state [16]. Be-
yond platelet inhibition, ticagrelor has also been shown to ex-
ert pleiotropic effects, including modulation of vascular tone,
inhibition of smooth muscle proliferation, and attenuation of
inflammatory responses, which may collectively contribute to
improved vascular outcomes [17, 21, 22].

Despite these promising results, clinical application
should be guided by an individualized risk—benefit approach.
Although ticagrelor offers more potent platelet inhibition,
it has been associated with an increased risk of bleeding in
certain populations. Therefore, treatment decisions should
incorporate not only genetic factors but also patient-specific
characteristics, including bleeding risk, comorbidities, age,
and concomitant therapies. These considerations are essential
to optimize therapeutic outcomes while minimizing adverse
events in clinical practice.

Limitations

Despite these encouraging findings, several limitations should
be acknowledged. Variability in study design, sample size,
baseline patient characteristics, and follow-up durations across
the included trials may have contributed to the moderate het-
erogeneity observed in the primary outcome (I = 45%). Al-
though the pooled estimates consistently favored ticagrelor—
aspirin, caution is warranted when extrapolating these results
to specific clinical subgroups.

Furthermore, while intracranial hemorrhage was reduced
in the pooled analysis, ticagrelor remains associated with an
increased bleeding tendency in broader clinical practice, em-
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Figure 3. Analysis of primary efficacy outcome. The forest plot demonstrates that the administration of the ticagrelor—aspirin
combination significantly reduced the incidence of recurrent stroke within 90 days compared to the clopidogrel-aspirin combina-
tion (RR, 0.72; 95% CI, 0.65-0.80; P < 0.00001). ClI: confidence interval; RR: risk ratio.

phasizing the importance of careful patient selection and indi-
vidualized risk—benefit assessment. Clinical decision-making
should therefore incorporate not only genetic status but also
patient-specific factors, including baseline bleeding risk, co-
morbidities, age, and concomitant medications.

In addition, sex-related differences may influence stroke
characteristics, treatment response, and clinical outcomes
through biological and clinical mechanisms, including hormo-
nal effects, platelet reactivity, and variations in comorbidity
profiles. However, the lack of sex-stratified data in the includ-
ed studies precluded subgroup analyses based on gender, limit-
ing further exploration of these differences.

Moreover, the lack of detailed reporting on cause-specific
mortality (neurological versus non-neurological) across the in-
cluded studies limited our ability to comprehensively evaluate
the safety profile of the interventions. Finally, the absence of
patient-level data restricted more granular analyses, including
stratification by stroke subtype and other clinically relevant
variables.

Future research

Future research should prioritize large, adequately powered
randomized controlled trials specifically designed to evalu-
ate genotype-guided antiplatelet therapy in patients with TIA
and minor ischemic stroke. In particular, studies incorporating
stratified analyses based on sex, stroke subtype (e.g., lacunar
versus non-lacunar infarction), and baseline clinical risk fac-
tors are needed to better define patient subgroups that derive
the greatest benefit from ticagrelor-based therapy. This is es-
pecially relevant given the distinct pathophysiological mecha-
nisms, clinical characteristics, and prognostic trajectories asso-
ciated with lacunar versus non-lacunar infarction, which may
differentially influence treatment response and outcomes.

In addition, future investigations should include detailed

reporting of cause-specific mortality to improve understanding
of the safety profile of different antiplatelet regimens. Integra-
tion of genetic, clinical, and imaging parameters may further
enhance precision medicine approaches in secondary stroke
prevention.

Moreover, exploration of additional biological modifiers,
including pathways related to homocysteine metabolism and
inflammatory biomarkers, may provide further insights into
individualized therapeutic strategies and optimize long-term
vascular outcomes in high-risk populations.

Conclusion

This systematic review and meta-analysis indicates that
ticagrelor combined with aspirin may offer superior efficacy
and overall safety compared with clopidogrel-aspirin among
patients with TIA who carry CYP2C19 LOF alleles. Ticagre-
lor-based DAPT was associated with significant reductions in
90-day recurrent stroke, composite vascular events, intracra-
nial hemorrhage, and mortality. These findings highlight the
growing importance of pharmacogenetic considerations in
optimizing antiplatelet strategies, particularly in individuals
with impaired clopidogrel metabolism. While the results sug-
gest that ticagrelor—aspirin may represent a more effective ap-
proach for this genetically high-risk population, individualized
evaluation of bleeding risk remains crucial in clinical practice.
Future large-scale, genotype-guided randomized controlled tri-
als are needed to confirm these observations and to further re-
fine precision-based antiplatelet therapy in patients with TIA.

Acknowledgments

The authors would like to express their sincere gratitude to
the Faculty of Medicine, Universitas Pendidikan Ganesha, for

84 Articles © The authors | Journal compilation © | Neurol Res and Elmer Press Inc™ | = https:/jnr.elmerpub.com



Windiana et al

J Neurol Res. 2026;16(2):77-87

a T+A C+A Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Meng et al. 2024 [10] 302 3205 380 3207 19.2% 0.80 [0.69, 0.92] —=
Wang et al. 2021 [9] 229 3205 293 3207 14.8% 0.78 [0.66, 0.92] —
Wang et al. 2022 [11] 45 849 69 833 3.5% 0.64[0.45, 0.92]
Wang et al. 2022 [12] 84 2969 131 2951 6.6%  0.64 [0.49, 0.83] —_—
Wang et al. 2022 [13] 126 2006 195 2044 9.8%  0.66 [0.53, 0.82] ——
Wang et al. 2023 [14] 111 1940 167 1959 8.4% 0.67 [0.53, 0.85] —_—
Wang et al. 2023 [15] 83 2956 129 2937 6.5% 0.64 [0.49, 0.84] —_—
Wang et al. 2024 [16] 96 1349 114 1301 5.9% 0.81 [0.63, 1.05] —
Xie etal. 2023 [17] 174 2486 232 2515 11.7% 0.76 [0.63, 0.92] —
Yang et al. 2020 [7] 10 170 15 169 0.8% 0.66 [0.31, 1.43]
Yang et al. 2020 [8] 10 197 20 190 1.0% 0.48 [0.23, 1.00]
Zhang et al. 2023 [18] 198 2744 237 2792 11.9% 0.85[0.71, 1.02] —=
Total (95% Cl) 24076 24105 100.0% 0.74 [0.70, 0.79] &
Total events 1468 1982
Heterogeneity: Chi* = 10.31, df = 11 (P = 0.50); I> = 0% 055 0:7 115 i
Test for overall effect: Z = 9.00 (P < 0.00001) Favours [T+A] Favours [C+A]
T+A C+A Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Meng et al. 2024 [10] 6 3205 12 3207 25.0% 0.50[0.19, 1.33] —
Wang et al. 2021 [9] 3 3205 6 3207 12.5% 0.50 [0.13, 2.00] —
Wang et al. 2022 [11] 1 849 1 833 2.1% 0.98 [0.06, 15.66]
Wang et al. 2022 [12] 2 2969 4 2951 8.4% 0.50 [0.09, 2.71] —_—T
Wang et al. 2022 [13] 1 2006 5 2044 10.3% 0.20[0.02, 1.74]
Wang et al. 2023 [15] 2 2956 3 2937 6.3% 0.66 [0.11, 3.96] s
Wang et al. 2024 [16] 0 1349 2 1301 5.3% 0.19[0.01, 4.01]
Xie et al. 2023 [17] 3 2486 5 2515 10.4% 0.61[0.15, 2.54] e
Yang et al. 2020 (7] 0 170 2 169 5.2% 0.20[0.01, 4.11]
Yang et al. 2020 [8] 2 197 2 190 4.2% 0.96[0.14, 6.78] —
Zhang et al. 2023 [18] 3 2744 S 2792 10.3% 0.61[0.15, 2.55] i
Total (95% ClI) 22136 22146 100.0% 0.50 [0.31, 0.82] <>
Total events 23 47
Heterogeneity: Chi’ = 2.31, df = 10 (P = 0.99); I’ = 0% + t t }
Test for overall effect: Z = 2.78 (P = 0.005) R Fasc;lljrs [T+A] Favours [é(lA] 59
C T+A C+A Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Meng et al. 2024 [10] 33 3205 56 3207 42.8% 0.59 [0.38, 0.90] ——
Wang et al. 2021 [9] 9 3205 18 3207 13.8% 0.50[0.23,1.11] -
Wang et al. 2022 [11] 2 849 3 833 2.3% 0.65 [0.11, 3.90]
Wang et al. 2022 [12] 2 2969 7 2951 5.4% 0.28 [0.06, 1.37]
Wang et al. 2022 [13] 4 2006 6 2044 4.5% 0.68 [0.19, 2.40] —
Wang et al. 2023 [15] 2 2956 6 2937 4.6% 0.33[0.07, 1.64]
Wang et al. 2024 [16] 3 1349 4 1301 3.1% 0.72 [0.16, 3.23]
Xie etal. 2023 [17] 5 2486 15 2515 11.4% 0.34 [0.12, 0.93] S E—
Zhang et al. 2023 [18] 9 2744 16 2792 12.1% 0.57 [0.25, 1.29] —_—
Total (95% CI) 21769 21787 100.0%  0.53 [0.39, 0.71] <>
Total events 69 131
a0 2 — — o 12 } Il 1 1
Heterogeneity: Chi®* = 2.37, df = 8 (P = 0.97); I’ = 0% 505 oh ¢ 20

Test for overall effect: Z = 4.31 (P < 0.0001)

Favours [T+A] Favours [C+A]

Figure 4. Analysis of secondary safety outcome. (a) The forest plot demonstrates that the administration of the ticagrelor—aspirin
combination significantly reduced the incidence of composite vascular events compared to the clopidogrel-aspirin combination
(RR, 0.74; 95% CI, 0.70-0.79; P < 0.00001). (b) The forest plot demonstrates that the administration of the ticagrelor—aspirin
combination significantly reduced the incidence of intracranial hemorrhage compared to the clopidogrel-aspirin combination
(RR, 0.50; 95% CI, 0.31-0.82; P = 0.005). (c) The forest plot demonstrates that the administration of the ticagrelor—aspirin
combination significantly reduced the incidence of mortality compared to the clopidogrel-aspirin combination (RR, 0.53; 95% ClI,
0.39-0.71; P < 0.0001). CI: confidence interval; RR: risk ratio.
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