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BACKGROUND AND PURPOSE: Lifelong treatment with antiplatelet drugs is recommended following a transient ischemic attack or 
ischemic stroke. Bleeding complications may offset the benefit of antiplatelet drugs in patients at increased risk of bleeding 
and low risk of recurrent ischemic events. We aimed to investigate the net benefit of antiplatelet treatment according to an 
individuals’ bleeding risk.

METHODS: We pooled individual patient data from 6 randomized clinical trials (CAPRIE [Clopidogrel Versus Aspirin in Patients 
at Risk of Ischemic Events], ESPS-2 [European Stroke Prevention Study-2], MATCH [Management of Atherothrombosis 
With Clopidogrel in High-Risk Patients], CHARISMA [Clopidogrel for High Atherothrombotic Risk and Ischemic Stabilization, 
Management, and Avoidance], ESPRIT [European/Australasian Stroke Prevention in Reversible Ischemia Trial], and PRoFESS 
[Prevention Regimen for Effectively Avoiding Second Strokes]) investigating antiplatelet therapy in the subacute or chronic 
phase after noncardioembolic transient ischemic attack or stroke. Patients were stratified into quintiles according to their 
predicted risk of major bleeding with the S2TOP-BLEED score. The annual risk of major bleeding and recurrent ischemic 
events was assessed per quintile for 4 scenarios: (1) aspirin monotherapy, (2) aspirin-clopidogrel versus aspirin or clopidogrel 
monotherapy, (3) aspirin-dipyridamole versus clopidogrel, and (4) aspirin versus clopidogrel. Net benefit was calculated for 
the second, third, and fourth scenario.

RESULTS: Thirty seven thousand eighty-seven patients were included in the analyses. Both risk of major bleeding and recurrent 
ischemic events increased over quintiles of predicted bleeding risk, but risk of ischemic events was consistently higher (eg, 
from 0.7%/y (bottom quintile) to 3.2%/y (top quintile) for major bleeding on aspirin and from 2.5%/y to 10.2%/y for risk 
of ischemic events on aspirin). Treatment with aspirin-clopidogrel led to more major bleedings (0.9%–1.7% per year), than 
reduction in ischemic events (ranging from 0.4% to 0.9/1.0% per year) across all quintiles. There was no clear preference 
for either aspirin-dipyridamole or clopidogrel according to baseline bleeding risk.

CONCLUSIONS: Among patients with a transient ischemic attack or ischemic stroke included in clinical trials of antiplatelet 
therapy, the risk of recurrent ischemic events and of major bleeding increase in parallel. Antiplatelet treatment cannot be 
individualized solely based on bleeding risk assessment.

GRAPHIC ABSTRACT: An online graphic abstract is available for this article.
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Life-long treatment with antiplatelet drugs is recom-
mended following a TIA or noncardioembolic ischemic 
stroke.1 Aspirin, aspirin in combination with dipyridam-

ole, and clopidogrel alone are currently recommended as 
first-line agents in secondary prevention of noncardioem-
bolic stroke1 and reduce the risk of recurrent ischemic 
events by about 20% to 25% compared with placebo 
or no therapy.2,3 Despite treatment, the residual risk of a 
recurrent ischemic event is substantial, ≈5% per year.4,5 To 
further reduce the risk of vascular events the benefits of 
adding an extra antiplatelet drug have been investigated; 
some trials observed a small reduction in risk of recurrent 
ischemic events during the use of aspirin-clopidogrel, but 
at the cost of a significantly increased bleeding risk.6–9

For currently recommended antiplatelet regimens, the 
reduction in ischemic events is, on average, larger than 
the increase in major bleeds.3,10 However, for an individ-
ual patient, the balance between benefits and risks may 
differ, due to variations in the underlying absolute risk of 
a major bleed,11 or recurrent ischemic event.4 Bleeding 
complications may offset the benefit of antiplatelet drugs 
in patients at increased risk of bleeding and low risk of 
recurrent ischemic events.

Prognostic models may be used to stratify trial popu-
lations and explore the effect of variation in absolute risk 
on the benefit and risk from treatment.12,13 In the cur-
rent study, we aimed to investigate the balance between 
benefits and risks of long-term antiplatelet treatment 
according to an individual’s bleeding risk.

METHODS
Data Availability Statement
Request for anonymized data will be considered by the 
Cerebrovascular Antiplatelet Trialists Collaboration.

Study Population
We pooled individual patient data from 6 randomized clinical 
trials that investigated efficacy and safety of antiplatelet treat-
ment in long-term secondary prevention after a TIA or noncar-
dioembolic ischemic stroke.7,8,14–17 The design of the individual 
patient data meta-analysis has been described in detail else-
where.18 Briefly, we performed a literature search to identify 
trials that randomized antiplatelet therapy in the subacute or 
chronic phase after a noncardioembolic TIA or stroke. Trials 
were eligible if they randomized patients with a TIA or noncar-
dioembolic ischemic stroke to aspirin, or to antiplatelet drugs 
that are recommended as first-line treatment in secondary 
prevention of stroke as an alternative or in addition to aspirin, 
and had a duration of at least 1 year. Six trials met the inclu-
sion criteria (CAPRIE [Clopidogrel Versus Aspirin in Patients at 
Risk of Ischemic Events], ESPS-2 [European Stroke Prevention 
Study-2], MATCH [Management of Atherothrombosis With 
Clopidogrel in High-Risk Patients], CHARISMA [Clopidogrel 
for High Atherothrombotic Risk and Ischemic Stabilization, 
Management, and Avoidance], ESPRIT [European/Australasian 
Stroke Prevention in Reversible Ischemia Trial], and PRoFESS 
[Prevention Regimen for Effectively Avoiding Second Strokes], 
including 48 023 patients with a TIA or ischemic stroke between 
1989 and 2006.18 Details of studies included in the IPD meta-
analysis (recruitment period, details of antiplatelet regimens, 
inclusion criteria, sample size) are presented in Table 1. For the 
current analysis, we excluded patients with a possible cardioem-
bolic origin of their stroke (patients with a history of atrial fibrilla-
tion or TOAST [Trial of ORG 10172 in Acute Stroke Treatment] 
classification of cardioembolic stroke) and patients randomized 
to dipyridamole only or placebo. Patients were followed up at 
regular intervals according to the trial protocols. Median follow-
up ranged from 1.4 to 3.5 years. The trials were approved by the 
ethics committee or institutional review board at each participat-
ing center and all patients gave written informed consent.

The outcome of interest for benefit of antiplatelet treatment 
was a recurrent ischemic event, defined as a recurrent ischemic 
stroke, myocardial infarction, or vascular death from nonhemor-
rhagic cause. For evaluating harms of antiplatelet treatment we 
focused on major bleeding. Trial specific definitions for major 
bleeding were used (Table I in the Data Supplement). Major 
bleeds included bleeds that were fatal, intracranial, signifi-
cantly disabling, or requiring hospital admission. Hemorrhagic 
strokes were counted as major bleedings, not as recurrent 
strokes. Hemorrhagic transformations of ischemic strokes 
were counted as ischemic strokes.

Statistical Analysis
We calculated predicted risk of major bleeding for each patient 
with the S2TOP-BLEED score.19 This score comprises ten vari-
ables (age, sex, smoking, modified Rankin Scale score, hyper-
tension, diabetes, prior stroke, Asian ethnicity, BMI, and type of 
antiplatelet treatment; Table II in the Data Supplement) and was 
derived from the same individual patient data. External valida-
tion of the score in a trial cohort and population based cohort 
confirmed the robustness of the model.19,20 Seven thousand 
nine hundred thirty-one patients (18%) had missing values on 
one of the items of the S2TOP-BLEED score, almost entirely 
due to the fact that 2 variables (modified Rankin Scale score 
and body mass index) were not measured in one trial each. 

Nonstandard Abbreviations and Acronyms

CAPRIE	� Clopidogrel Versus Aspirin in Patients 
at Risk of Ischemic Events

CHARISMA	� Clopidogrel for High Atherothrombotic 
Risk and Ischemic Stabilization, Man-
agement, and Avoidance

ESPRIT	� European/Australasian Stroke Pre-
vention in Reversible Ischemia Trial

ESPS-2	 European Stroke Prevention Study-2
ESRS	 Essen Stroke Risk Score
MATCH	� Management of Atherothrombosis 

With Clopidogrel in High-Risk Patients
PRoFESS	� Prevention Regimen for Effectively 

Avoiding Second Strokes
TIA	 transient ischemic attack
TOAST	� Trial of ORG 10172 in Acute Stroke 

Treatment
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For the development of the score, multiple imputation was 
performed. For the current analysis, we used a single imputed 
dataset. In the present study, we did not assign points for type 
of antiplatelet treatment as we were interested in the effect of 
this treatment.

We investigated benefits and risks of antiplatelet treatment 
for 4 different scenarios that we considered most relevant for 
clinical practice: (1) aspirin monotherapy, (2) enhanced dual 
antiplatelet therapy (aspirin-clopidogrel) versus monotherapy 
to assess if a specific subgroup might benefit from long-term 
dual therapy, (3) aspirin-dipyridamole versus clopidogrel, and 
(4) aspirin versus clopidogrel, to assess whether there is a pref-
erence for one of these guideline recommended treatments 
depending on the absolute bleeding risk.

For the first scenario, we pooled data from patients random-
ized to aspirin (aspirin arm from CAPRIE, ESPS-2, CHARISMA, 
and ESPRIT trials, n=8127). For the second scenario, we com-
bined data from MATCH and CHARISMA trials (n=11 492). 
Patients randomized to either aspirin or clopidogrel were 
pooled in a monotherapy group and compared with the dual 
therapy group comprising those randomized to aspirin-clopido-
grel. For the third scenario, we used data from the PRoFESS 
trial (n=19 589), comparing aspirin-dipyridamole with clopido-
grel. For the last scenario, we studied patients included in the 
CAPRIE trial (n=6201), comparing aspirin with clopidogrel. All 
analyses were performed according to the intention-to-treat 
principle. Patients were censored at the time of a major bleed 
or recurrent ischemic event (depending on the outcome of 
interest), death or end of follow-up.

Patients were divided into quintiles according to their pre-
dicted risk of major bleeding. For each quintile, the annual 

rate of major bleeding and recurrent ischemic events was 
calculated (number of events/person-years at risk×100) 
per trial and subsequently pooled with random effects meta-
analysis. The absolute rate difference was calculated for 
each treatment contrast. Next, we calculated the net benefit 
for the second, third and fourth scenario with the following 
formula: (Risk of ischemic event [with treatment A]−Risk of 
ischemic event [with treatment B])−(Risk of major bleeding 
[with treatment B]−Risk of major bleeding [with treatment 
A]). A positive net benefit indicates that the benefits of treat-
ment B outweigh the risks.

A major bleed may be deemed less severe than a recurrent 
ischemic stroke; therefore, we performed a sensitivity analy-
sis including only intracranial hemorrhages instead of all major 
bleedings. Intracranial hemorrhages were assigned a weight of 
1.5 to account for their generally worse outcome.

The same analyses were performed stratified for risk of a 
recurrent ischemic event, for which we used the Essen Stroke 
Risk Score (ESRS), originally derived from the CAPRIE data.21 
The score consists of 9 variables (age, hypertension, diabetes, 
previous myocardial infarction, other cardiovascular disease, 
peripheral arterial disease, smoking, prior TIA, or ischemic 
stroke in addition to qualifying event) and ranges from 0 to 9 
points (Table III in the Data Supplement). This score was cho-
sen among other scores predicting recurrent vascular events 
because all predictors required to calculate the score were 
available and it showed reasonable performance (Figure I in 
the Data Supplement). Instead of dividing patients into quintiles 
we performed the analyses per Essen Stroke Risk Score, com-
bining all patients with a score of 5 or higher. All analyses were 
performed with R version 3.3.2.

Table 1.  Details of 6 Trials Included in the IPD Meta-Analysis

Trial by year Country

Recruit-
ment 
period

No. of 
patients Interventions Inclusion criteria Primary end point

Study period; 
median 
(range; y)

CAPRIE-
stroke sub-
group, 1996

Australia, Canada, 
Europe (10), and United 
States.

1992–95 6431 CLO 75 mg vs ASA 
325 mg

IS within 6 months Composite of IS, MI, or 
vascular death (exclud-
ing hemorrhage)

2.0 (0–3.3)

ESPS-2, 
1996

Europe (13) 1989–93 3299 ASA 50 mg+DIP 
400 mg vs ASA 
50 mg

TIA/IS within 3 
months

Stroke; death; stroke 
or death.

2.0 (0–2.5)

MATCH, 
2004

Asia (4), Australia, 
Canada, Europe (21), 
and United States.

2000–02 7599 ASA 75 mg+CLO 
75 mg vs CLO 
75 mg

TIA/IS within 3 
months and 1 addi-
tional vascular risk fac-
tor within 3 years.

Composite of IS, MI, 
vascular death, or 
rehospitalization for an 
acute ischemic event

1.4 (0–1.5)

CHARISMA-
stroke sub-
group, 2006

Asia (6), Australia, 
Canada, Europe (17), 
Mexico, South Africa, 
South America (3), and 
United States.

2002-03 4320 ASA 75–162 
mg+CLO 75 mg vs 
ASA 75–162 mg

TIA/IS within 5 years; 
age ≥45.

Composite of stroke, 
MI, or vascular death

2.1 (0–2.9)

ESPRIT, 
2006

Asia (1), Australia, 
Europe (11), and United 
States.

1997–
2005

2739 ASA 30–325 
mg+DIP 400 mg vs 
ASA 30–325 mg

TIA/minor IS within 6 
months

Composite of stroke, 
MI, vascular death, or 
major bleeding

3.5 (0–8.1)

PRoFESS, 
2008

Asia (12), Australia, 
Canada, Europe (16), 
Mexico, South Africa, 
South America (2), and 
United States.

2003–06 20 332 ASA 50 mg+DIP 
400 mg vs CLO 
75 mg

IS within 3 months; 
clinical and neurologi-
cal stable; age ≥55.

Recurrent stroke; com-
posite of stroke, MI, or 
vascular death

2.4 (0–4.4)

ASA indicates aspirin; CAPRIE, Clopidogrel Versus Aspirin in Patients at Risk of Ischemic Events; CHARISMA, Clopidogrel for High Atherothrombotic Risk and 
Ischemic Stabilization, Management, and Avoidance; CLO, clopidogrel; DIP, dipyridamole; ESPRIT, European/Australasian Stroke Prevention in Reversible Ischemia Trial; 
ESPS-2, European Stroke Prevention Study-2; IS, ischemic stroke; MATCH, Management of Atherothrombosis With Clopidogrel in High-Risk Patients; MI, myocardial 
infarction; PRoFESS, Prevention Regimen for Effectively Avoiding Second Strokes; and TIA, transient ischemic attack.
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RESULTS
Aspirin
We studied 8127 patients randomized to aspirin. During 
17 538 person-years of follow-up, 1001 patients had a 
recurrent ischemic event and 277 patients had a major bleed. 
The annual rate of recurrent ischemic events increased 
across bleeding risk quintiles from 2.5% to 10.2%, as did 
the annual rate of major bleeding (0.7%–3.2%; Figure 1, 
Table 2). Across all risk groups, the absolute risk of an isch-
emic event was higher than the risk of a major bleeding. The 
benefit of aspirin was more pronounced when only intra-
cranial hemorrhages were taken into account instead of all 
major bleeds (Figure II in the Data Supplement).

Aspirin-Clopidogrel Versus Monotherapy 
Aspirin or Clopidogrel
Eleven thousand four hundred ninety-two patients con-
tributed to the analysis comparing aspirin-clopidogrel 
dual therapy with aspirin or clopidogrel monotherapy. A 
recurrent ischemic event occurred in 613 patients ran-
domized to monotherapy and in 548 randomized to aspi-
rin-clopidogrel. A major bleed occurred in 126 patients on 
monotherapy and in 246 patients on aspirin-clopidogrel. 
The risk of major bleeding and recurrent ischemic events 
increased simultaneously across the quintiles (Table  3; 
Figure 2A). The risk reduction of ischemic events with 
aspirin-clopidogrel (ranging from 0.4% to 0.9/1.0% per 
year across quintiles) did not outweigh the risk increase 
of major bleedings in any of the quintiles (0.9%–1.7% 
per year, Table 3, Figure 2B). The net clinical benefit of 
aspirin-clopidogrel was positive in the lowest 3 quintiles 
when only intracranial hemorrhages were taken into 
account (Figure III in the Data Supplement).

Aspirin-Dipyridamole Versus Clopidogrel
For the analysis comparing aspirin-dipyridamole with 
clopidogrel, we analyzed data from 19 589 patients 
included in the PRoFESS trial. Among patients random-
ized to aspirin-dipyridamole, 1146 had a recurrent isch-
emic event and 403 had a major bleed. Among patients 
randomized to clopidogrel, 1173 patients had a recurrent 
ischemic event and 354 had a major bleed. There was no 
clear preference for either of the 2 treatments according 
to bleeding risk group when all major bleeds were taken 
into account (Figure 3, Table IV in the Data Supplement), 
or when only intracranial hemorrhages were taken into 
account (Figure IV in the Data Supplement).

Aspirin Versus Clopidogrel 
Six thousand two hundred one patients contributed to 
the analysis of aspirin versus clopidogrel. Among patients 
randomized to aspirin 105 had a major bleed and 432 
a recurrent ischemic event. Among patients on clopido-
grel 81 had a major bleed and 411 a recurrent ischemic 
event (Table V in the Data Supplement). The annual rate 
of major bleeding was lower for patients on clopidogrel 
than aspirin (0.6%–3.1% per year for clopidogrel, and 
0.8%–3.2% for aspirin), except for the second quintile 
(Table V in the Data Supplement). The risk of ischemic 
events was lower with clopidogrel in the lowest 3 quintiles 
(3.3%–6.7% versus 4.3%–7.6%) Overall, the net benefit 
was positive for clopidogrel compared with aspirin in the 
lowest 4 quintiles (Figure V in the Data Supplement).

Results for all 4 scenarios were largely similar when 
patients were stratified with the Essen Stroke Risk Score 
according to their risk of a recurrent ischemic event 
(Figures VII through X in the Data Supplement). If we 
excluded patients randomized within 21 days after the 

Figure 1. Risk of major bleeding and 
recurrent ischemic events on aspirin 
monotherapy, according to bleeding 
risk groups.
A indicates aspirin.
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index event, results were essentially similar, but esti-
mates became substantially more imprecise.

DISCUSSION
We observed that the risk of major bleeding and the risk 
of recurrent ischemic events increased in parallel across 
bleeding risk groups in long-term secondary prevention 
after a TIA or minor ischemic stroke, among patient pop-
ulations eligible and included in randomized clinical trials 
of antiplatelet therapy. The benefits of aspirin mono-
therapy appeared to outweigh the risks, irrespective of 
baseline bleeding risk. We demonstrated that the risk 
of major bleeding associated with aggressive long-term 
dual antiplatelet therapy was larger than the benefit for 
all risk groups. No preference was observed for either 
aspirin-dipyridamole or clopidogrel according to baseline 
bleeding risk, in a population of trial participants.

Early trials that compared aspirin with placebo sug-
gested that the risk of bleeding on low-dose aspirin was 
relatively small and that the case fatality was low.22,23 How-
ever, a recent population-based study has drawn attention 
to the substantial risks associated with long-term aspirin 
use in elderly patients.11 The incidence of major bleeds 
(mostly gastrointestinal bleeds) increased steeply with 
age, reaching an annualized rate of 4% in patients over 
85 years. Also, the case fatality and disability associated 
with bleeds increased in elderly patients.11 These findings 
raised concern about the net benefit of long-term aspirin 
when the risk of adverse events is substantial. Indeed, in 
the very elderly patients (>85 years) it was observed that 
the risk reduction in ischemic events was approximately 
similar to the increase in major bleeds attributable to 
aspirin.11 In our study, we did not observe a clear change 

in benefit with increasing risk of bleeding. Although in 
absolute terms the harms increased, the benefits also 
increased due to simultaneously rising risk of ischemic 
events. A possible explanation for the discrepancy with the 
previously mentioned study is that patients at highest risk 
of bleeding were excluded from the trial cohorts, and the 
very elderly (>85 years) and frail patients in whom the net 
benefit might change were relatively underrepresented.

Among patients with coronary artery disease, trials 
found benefit of adding clopidogrel to standard treatment 
(mainly aspirin), with an acceptable increase in risk of 
major bleedings.24,25 A similar approach was investigated in 
patients with stroke but did not yield a comparable benefit 
without significantly increasing harm when clopidogrel was 
initiated in the subacute or chronic phase and continued for 
1.5 to 2 years.7–9 In the present study, we could not identify 
a subgroup according to risk of bleeding in whom the ben-
efits of long-term aspirin-clopidogrel would outweigh the 
risks. The results of the POINT (Platelet-Oriented Inhibi-
tion in New TIA and Minor Ischemic Stroke) and CHANCE 
(Clopidogrel in High-Risk Patients With Acute Nondis-
abling Cerebrovascular Events) trials suggest that aspirin-
clopidogrel is beneficial when initiated early after stroke 
(within 12 or 6 hours, respectively) and continued for the 
first 21 to 90 days, among patients with a TIA or minor 
stroke (National Institutes of Health Stroke Scale score 
<4).26,27 In the current study we could not address the bal-
ance between benefits and risks in the very early phase, as 
patients were generally randomized after the acute phase 
of TIA or stroke (median time from qualifying event to ran-
domization 21 days (interquartile range 9-57 days)).

A network meta-analysis on individual patient data has 
shown that on average, clopidogrel is slightly more effec-
tive than aspirin in preventing serious vascular events (RR, 
0.88 [0.78–0.98]) and causes less major bleedings (RR, 
0.76 [0.63–0.91]).10 Our study shows that the effect of 
treatment (aspirin versus clopidogrel) is not altered by 
bleeding risk group, although the estimates became less 
precise due to the small number of patients per subgroup. 
The American Stroke Association guideline states that 
the choice of antiplatelet treatment should be based on 
individual characteristics, next to considerations on effi-
cacy, safety, and costs.1 Aspirin-dipyridamole and clopido-
grel have comparable efficacy and safety profiles, but our 
results suggest that it is unlikely that patient character-
istics will further guide the choice for either of these 2 
treatments. It is difficult to distinguish patients based on 
their risk of recurrent ischemic events and major bleed-
ings, because the risk factors underlying both major 
bleedings and recurrent ischemic events are very similar.28 
A disadvantage of aspirin-dipyridamole is the high num-
ber of patients reporting headache as side effect, as well 
as the fact that it should be taken twice daily, which may 
negatively impact on compliance. Our results show that 
high predicted bleeding risk should not serve as criterion 
to withhold antiplatelet treatment. Nevertheless, bleeding 
risk assessment may still be useful to identify modifiable 

Table 2.  Absolute Annual Risk of Major Bleeding and 
Recurrent Ischemic Events on Aspirin According to Bleeding 
Risk Quintile

Aspirin

Events Annual risk (%/y)

Major bleedings

  Q1 35 0.68

  Q2 40 1.03

  Q3 40 1.17

  Q4 77 2.43

  Q5 85 3.17

  Overall 277 1.51

Ischemic events

  Q1 136 2.53

  Q2 164 4.09

  Q3 202 6.03

  Q4 228 7.53

  Q5 271 10.22

  Overall 1001 5.49

Q indicates quintile.
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risk factors for bleeding (eg, hypertension) and to identify 
patients in whom preventive strategies should be imple-
mented. Co-prescription of a proton pump inhibitor may be 
considered in patients with a high estimated bleeding risk 
as it substantially reduces risk of upper gastrointestinal 
bleeding.11,29 Age above 75 years has recently been sug-
gested as criterion to start proton pump inhibitors, with a 
number needed to treat of 23 to prevent 1 major bleeding 

at 5 years follow-up.11 Age above 75 years would corre-
spond with an annual risk of major bleeding of >2%.

Strengths of our study include the large sample size 
and the high quality of the data, with thorough follow-up. 
Also, the outcome events were adjudicated centrally by 
an independent committee. Some limitations need to be 
addressed. First, our study population may not be rep-
resentative of all patients with a TIA or ischemic stroke, 

Table 3.  Absolute Annual Risks and Risk Differences for Aspirin+Clopidogrel Versus Aspi-
rin or Clopidogrel Monotherapy

Aspirin+clopidogrel Aspirin or clopidogrel

Absolute rate  
difference (%)Events

Annual rate 
(%/y) Events

Annual rate 
(%/y)

Major bleedings

  Q1 30 1.49 8 0.4 1.05 (0.42 to 1.68)

  Q2 35 1.74 18 0.9 0.90 (−0.48 to 2.27)

  Q3 43 2.19 15 0.79 1.34 (0.14 to 2.54)

  Q4 57 2.95 33 1.72 1.21 (−0.04 to 2.48)

  Q5 81 4.47 52 2.75 1.70 (0.47 to 2.92)

  Overall 246 2.47 126 1.30 1.26 (0.87 to 1.66)

Ischemic events

  Q1 58 2.93 67 3.39 0.37 (−0.59 to 1.34)

  Q2 74 3.54 94 4.54 0.89 (−0.33 to 2.11)

  Q3 97 4.79 114 5.62 0.95 (−0.91 to 2.80)

  Q4 118 6.07 132 6.68 0.71 (−0.90 to 2.32)

  Q5 201 10.32 206 11.07 0.42 (−1.75 to 2.59)

  Overall 548 5.24 613 6.01 0.72 (0.01 to 1.44)

Q indicates quintile.

Figure 2. Net benefit of aspirin-clopidogrel vs aspirin or clopidogrel monotherapy according to bleeding risk group.
Shaded areas indicate 95% CI. A indicates aspirin; A+C, aspirin-clopidogrel; ARD, absolute rate difference; and C clopidogrel. 
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as patients with the highest bleeding risk and advanced 
age have been excluded from the trials. The balance 
between benefits and risks may differ for frail and very 
elderly patients, as was suggested in a recent popula-
tion-based cohort study.11 Second, the S2TOP-BLEED 
score that was used to stratify patients in risk groups 
was derived from the same individual patient data. How-
ever, previous external validation studies have shown that 
the score is robust.19,20 Third, there was some heteroge-
neity in bleeding risk across trials, likely due to differ-
ences in inclusion criteria, treatment(dose), and definition 
of outcome. We accounted for this by performing ran-
dom effects meta-analyses. Fourth, we could not assign 
weights to the different types of major bleeding based on 
the available data, while the severity and consequences 
of bleeds differ. Fifth, we did not have data on the very 
early phase following a TIA or stroke and could therefore 
not address the benefit and risk of short-term aspirin-
clopidogrel. Sixth, we could not investigate the influence 
of stroke subtype (eg, large artery atherosclerosis versus 
small vessel disease) on the balance between benefits 
and risks of antiplatelet treatment, as these data were 
collected in too few patients.

In conclusion, we showed that the risk of recurrent isch-
emic events and major bleedings increase in parallel in 
patients with a TIA or ischemic stroke included in clinical 
trials on antiplatelet treatment. Bleeding risk assessment 
based on patient characteristics cannot be used as single 
element to guide decision on long-term antiplatelet treat-
ment for individual patients. To meaningfully inform treat-
ment decisions for antiplatelet treatment, stronger predictors 
for major bleeding and ischemia need to be identified.
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