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Abstract Stroke is still a primary disease for death and

disability all over the world. The optimal antiplatelet

therapy for treatment of stroke is under controversy. We

performed a meta-analysis to justify whether short-term

(B1 year) dual-antiplatelet therapy (DAPT) has advantages

over mono-antiplatelet therapy. We systematically sear-

ched the databases of Cochrane library, Pubmed and

Embase up to July 2016. Randomized controlled trials

(RCTs) comparing DAPT with mono-antiplatelet therapy

were included in our meta-analysis. Totally ten trials

involving 8969 patients were satisfied with our inclusion

criteria. At the end of follow-up, DAPT is associated with a

significant reduction in recurrent stroke [risk ratio (RR)

0.65, 95 % confidence interval (CI) 0.56–0.76,

P\ 0.00001] and the net clinical outcome (ischemic stroke

(IS) recurrence plus major bleeding) (RR 0.67, 95 % CI

0.58–0.79, P\ 0.00001). In terms of safety outcomes of

major bleeding (RR 1.44, 95 % CI 0.72–2.88, P = 0.30)

and intracranial hemorrhage (RR 1.29, 95 % CI 0.56–2.93,

P = 0.55), DAPT has a homologous safety profile com-

pared with mono-antiplatelet therapy. The subgroup anal-

ysis according to different races, antiplatelet combinations

or initiation time produced similar outcomes as compre-

hensive outcomes. Given short-term treatment regimen,

DAPT can be superior to mono-antiplatelet therapy in

treating IS or transient ischemic attack (TIA). No matter in

acute or non-acute phase of IS, short-term DAPT has more

efficacy than mono-antiplatelet therapy and has equivalent

safety as mono-antiplatelet therapy.
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Introduction

Stroke is a major global health issue, and it is a leading

cause for mortality and adult disability [1–4]. In China, up

to 1.6 million people were dead for stroke every year [5],

which is a huge burden for society and patients’ family. IS

accounts for about 70 % of total stroke patients [6];

recurrent stroke and stroke deterioration often come in the

acute phase of IS occurrence. Without proper treatment, the

probability of a recurrent stroke after the first stroke is

about 3–10 % in the first month and about 5–14 % in the

first year [7, 8]. Antithrombotic therapy can effectively

prevent recurrence stroke or stroke deterioration, which

significantly improves the prognosis of stroke patients.

Aspirin is a mainstay for antithrombotic therapy, two

large RCTs of aspirin in acute IS reported that aspirin

reduced the odds of early recurrent stroke by about 12 %

[odds ratio (OR) 0.88, 95 % CI 0.79–0.97] and the odds of

death or dependency at the end of follow-up by about 5 %

(OR 0.95, 0.91–0.99) [9]. In the medication guideline of

myocardial infraction (MI) published in June 2016 [10],

dual-antiplatelet regimen is strongly recommended for MI

patients or patients after percutaneous coronary interven-

tion (PCI). Different types of antiplatelet drugs have dis-

tinct antithrombotic mechanisms; combination of these

may strengthen antithrombotic effect and further improve

the treatment of IS. Stroke has a similar formation
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mechanism to MI, it is reasonable and proper to hypothe-

size that DAPT would bring more benefits than mono-an-

tiplatelet therapy in treating IS.

There are many trials [11–20] and meta-analyses

[21–23] conducted to investigate the efficacy and safety of

dual-antiplatelet therapy. FASTER [16] is a randomized

controlled trial comparing the effect and safety of dual-

antiplatelet therapy in treating stroke or TIA; their out-

comes showed that DAPT is not superior to monotherapy

in treating IS or TIA. A few meta-analyses [21, 22] were

conducted in recent years, but they did not focus on short-

term regimen and they only included the combination of

aspirin and clopidogrel. Both analyses indicated that short-

term dual therapy is better than monotherapy, but they also

suspected that beneficial outcomes may be related to timely

treatment initiation time. A meta-analysis [23] also showed

that the acute phase is critical for treatment of stroke

patients. Our meta-analysis aims to further justify the

efficacy and safety of comprehensive DAPT in treating

stroke patients and test if the beneficial outcomes associ-

ated with initiation treatment time.

This meta-analysis complied with preferred reporting

items for systematic review and meta-analysis (PRISMA)

[24] and was registered in PROSPERO website

(CRD42016033680).

Methods

Data source and searching

We made a systematic search in databases of Pubmed,

Embase and Cochrane library through July 2016, using the

following medical subject heading (MeSH) and free-text

terms: stroke, cerebral infraction, cerebrovascular disease,

TIA, aspirin, clopidogrel, cilostazol, dipyridamole, tir-

ofiban, ticlopidine, triflusal, terutrobran, aspirin and clopi-

dogrel, aspirin and dipyridamole, aspirin and cilostazol,

aspirin and ticagrelor, aspirin and ticlopidine, aspirin and

triflusal, aspirin and terutobran, dual-antiplatelet, mono-

antiplatelet. No other search restrictions were applied. To

find out newly developed clinical trials, we searched the

clinicaltrials.gov. Finally, we also searched references of

former meta-analyses and trials for additional trials which

were not identified in databases.

Study selection

Two researchers (Y. L. and Zx. F.) independently selected

eligible studies which are included in our meta-analysis. If

there exists a disagreement, they would resolve it by con-

sulting another researcher (Jx. F.). Inclusion criteria were

listed as following: (1) randomized controlled trials; (2)

DAPT versus monotherapy in any doses were assessed; (3)

treatment duration is no more than 1 year; (4) patients

involved were with a clinical diagnosis of IS or TIA; (5)

sufficient data for outcomes were provided. Papers were

excluded if they are (1) non-RCTs; (2) papers only with

abstract; (3) anticoagulant drugs, like warfarin, were also

tested in the trial; (4) case report; (5) retrospective studies.

If several papers have published about one trial, the paper

which contains more detailed information needed was

included in our meta-analysis.

Data extraction

We abstracted the information in included studies from

three aspects: the baseline characteristics of included trials,

the baseline characteristics of participants, and the basic

outcomes. Two researchers (W. W. and Mj. Z.) indepen-

dently abstracted the needed information, if there exists a

disagreement, they will reach a consensus by discussing

with other researchers (G. C., Y. L. and Jx. F.). We col-

lected the following information in each trial: trial name,

country, sample size, blinding, treatment group and dosage,

intention to treatment (ITT) analysis, DAPT treatment

duration, follow-up, mean age, gender percentage, hyper-

tension and diabetes mellitus (DM) percentage, patients

disease, treatment initiation time, and loss to follow-up.

We also abstracted following trials’ outcomes: recurrent

stroke, the net clinical outcome, IS recurrence, TIA, com-

posite outcome of major vascular events, bleeding epi-

sodes, major bleeding, and intracranial hemorrhage. The

information on major bleeding and intracranial hemorrhage

was collected according to the definition in each study. We

counted Jadad score of trials to make a primary assessment

of each trial. Composite outcome of major vascular events

include myocardial infraction, stroke and vascular death. If

included studies did not report the composite outcome of

major vascular events while gave the separated information

on myocardial infraction, stroke and vascular death, we

will add these figures together to calculate this outcome.

Based on the Cochrane collaboration tool for assessing

risk, we abstracted following information to further assess

the quality of included studies: random sequence genera-

tion, allocation concealment, blinding of participants and

personnel, blinding of outcome assessment, incomplete

outcome data, selective reporting and other forms of bias.

Authors of these included studies were not contacted for

additional information.

Quality assessment

With Cochrane collaboration tools, we assessed bias of

included studies in following seven aspects: random

sequence generation, allocation concealment, blinding of
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participants and personnel, blinding of outcome assess-

ment, incomplete outcome data, selective reporting and

other forms of bias. For the limitation of sample size, we

assessed the publication bias by visual funnel plot without

conducting the Egger’s or Begg’s test. Finally, we made

recommendation ranks of studied outcomes by Grading of

Recommendations Assessment, Development, and Evalu-

ation (GRADE) systems. Two authors (Y. L. and Zx. F.)

independently carried out the risk of bias assessment and

quality assessment of evidence, and any differences were

resolved by discussion.

Statistical analysis

The primary efficacy outcomes are recurrent stroke and the

net clinical outcomes, and the main safety indexes are

major bleeding and intracranial hemorrhage. We made

subgroup analysis according to races, treatment initiation

time and different combinations of DAPT.

RR of all outcomes was calculated with 95 % CI. Two-

tailed P\ 0.05 was considered statistically significant.

Heterogeneity was assessed by Cochrane’s Chi-square test,

P\ 0.10 and I2[ 50 % was considered significant

heterogeneity. Pooled analyses were conducted using a

fixed-effects model, whereas a random-effects model was

applied if there was heterogeneity (P\ 0.10 and

I2[ 50 %). All the analyses were conducted by Rev-

man5.2 software (Nordic Cochrane Centre, Cochrane

Collaboration, 2013) and sensitivity analysis was con-

ducted by Stata 11.0 (Stata Corp, College Station, TX,

USA). With STATA software, we tested the robustness of

primary outcome by omitting the included studies once a

time.

Results

Search results

We identified 3581 potentially eligible records and inclu-

ded 10 studies that met our inclusion criteria. The selected

procedure is shown in Fig. 1. There are totally 8969

patients involved in our meta-analysis: 4481 patients were

randomized to DAPT (experimental group) and 4488

patients were randomized to monotherapy (control group).

The characteristics of the included trials are described in

Tables 1 and 2. All trials were published between 2005 and

2014. Five [11–13, 16, 20] of ten trials are double-blind

design, four trials [14, 17–19] were open-label design but

they were blindly assessed. All trials but two [18, 19] are

ITT analysis. DAPT treatment duration ranges from 7 days

to 6 months, and the onset-to-treatment interval ranges

from 24 h to 3 months. Among ten trials, seven trials

[11–17] were allocated to receive aspirin and clopidogrel;

the other three trials [18–20] were allocated to aspirin and

dipyridamole. The bias assessment of all ten trials is

detailed in Fig. 2.

Risk of bias in included studies, and quality

of evidence

Eight studies [11, 13–18, 20] explicitly described the ran-

dom sequence generation, mainly by a computer random

number generator, a random number table, choosing

marked ball, or an interactive voice response system. Eight

studies [11, 13–18, 20] all used unpredicted methods to

generate random sequence which stated a low risk of

allocation concealment process, and two studies [12, 19]

which lack random sequence generation method were

regarded as having an unclear risk of bias in this domain.

There are five trials [11–13, 16, 20] having double-blind

and blind assessment design, the trials’ risk of these two

domains was low. Four open-label trials [14, 17–19] have

adopted blind assessment design and the open-label design

has little influence on final outcomes, so the risk of per-

formance bias for these four trials were low. Only one

Fig. 1 Flowchart illustrating the process used to select the studies

included in this meta-analysis
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study [19] described neither the number of withdrawal nor

loss to follow-up and the reason for these aspects; there-

fore, this study [19] was regarded as having a high risk of

bias in the domain of incomplete outcome data. All except

one [20] study was considered to have a high risk of bias in

selective reporting because it is a subgroup of PRoFESS

trial. Because of premature termination, FASTER [16] was

regarded as having a high risk in the part of other bias, and

other trials were regarded as having an unclear risk in this

domain.

The evidence classification results, summarized from

the GRADE evidence profile assessed by the GRADEpro

software, are shown in Table 3. The quality of evidence

was high for the composite outcome of major vascular

events, moderate for the net clinical outcome, low for the

outcome of recurrent stroke, IS recurrence, bleeding epi-

sodes, and very low for TIA, major bleeding and

intracranial hemorrhage.

Clinical results

All outcomes were reported in total analysis and subgroup

analysis. We made subgroup analysis of both efficacy and

safety outcomes in accordance with predefined groups.

Table 1 Baseline characteristics of included studies

Trial Country and

centers

Sample

size

Blinding Treatment groups and dosages ITT

analysis

DAPT

treatment

duration

Follow-

up

Jadad

score
Dual therapy Mono therapy

CARESS

2005

France,

Germany,

Switzerland,

United

Kingdom

107 Double

blind

A (75 mg) ? C (300 mg

load then 75 mg)

A 75 mg ITT 7 days 7 days 4

Bal dit Sollier

2009

France 44 Double

blind

A 325 mg ? C 75 mg

(n = 12) or T

10 mg ? A 300 mg

(n = 10)

A 300 mg

(n = 10) or T

10 mg

(n = 12)

ITT 10 days 10 days 3

CHANCE

2013

China 5170 Double

blind

C (300 mg load then

75 mg od) ? A (75-

300 mg load then

75 mg od) for 21 days;

then C alone (75 mg

od) afterward

A 75 mg ITT 30 days 3 m 5

CLAIR 2010 Hong Kong,

Singapore,

China,

Thailand,

Malaysia

98 Open

label,

blinded

end point

A (75–160 mg od) ? C

(300 mg load on then

75 mg od)

A 75–160 mg ITT 7 days 7 days 5

Fan He 2014 China 647 Open label A (100 mg) ? C

(300 mg load on then

75 mg od)

A 300 mg ITT 14 days 14 days 3

FASTER

2007

Canada 392 Double

blind

A (162 mg load then

81 mg) ? C (300 mg

load then 75 mg)

A 162 mg load

then 81 mg

ITT 3 m 3 m 5

Yi2014 China 570 UNK A (200 mg) ? C

(75 mg)

A 100 mg ITT 30 days 30 days 2

EARLY 2010 Germany 543 Open,

blinded

outcomes

A (25 mg bd) ? D

(200 mg bd)

A (100 mg od)

for 7 days,

then A

(25 mg

bd) ? D

(200 mg bd)

thereafter

Analyzed

as

treated

3 m 3 m 3

Chairangsarit

2005

Thailand 38 Open label A (300 mg od) ? D

(225 mg od)

A 300 mg UNK 6 m 6 m 2

PRoFESS

2009

Worldwide,

695 centers

1360 Double

blind

A (25 mg bd) ? D

(200 mg bd)

C 75 mg ITT 3 m 3 m 5

A aspirin, C clopidogrel, T tirofiban, D dipyridamole, od once daily, bd twice daily, UNK unknown, DAPT dual-antiplatelet therapy, ITT intention

to treatment
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Recurrent stroke is the primary outcome of our meta-

analysis. Totally 10 trials [11–20] reported the outcome of

recurrent stroke (Fig. 3). Pooled evidence indicated that

comparing with monotherapy, DAPT reduced the risk of

recurrent stroke by 35 % (RR 0.65, 95 % CI

0.56–0.76).There was no statistical heterogeneity between

included studies (P = 0.67, I2 = 0 %). To detect the

influence of initiation treatment time, we conducted a

subgroup analysis according to acute phase and non-acute

phase. The stratified analysis of acute phase combination

therapy included 7 RCTs [13, 15–20] and revealed that

compared with monotherapy, DAPT significantly

decreased the risk of stroke recurrence (RR 0.66, 95 % CI

0.57–0.77) (Table 3). Three RCTs [11, 12, 14] were

included in the stratified analysis of non-acute phase

combination therapy; Table 3 shows significant reduction

in stroke recurrence with DAPT group (RR 0.19; 95 % CI

0.03–1.07, P = 0.06).

Information regarding the net clinical outcome is

reported in 6 trials [11, 13, 14, 16, 17, 20]. The pooled

evidence showed that compared with monotherapy, DAPT

decreased the risk of the net clinical outcome by 33 % (RR

0.67, 95 % CI 0.58–0.79) (Fig. 4). There did not exist a

significant statistical heterogeneity between included

studies (P = 0.36, I2 = 8 %). Data of IS recurrence were

available in eight trials [11–14, 16, 17, 19, 20]. As shown

in Fig. 5, pooled evidence showed DAPT reduced the risk

of IS recurrence by 35 %. No statistical heterogeneity was

found between the eight trials.

The analysis of composite outcome of major vascular

events included five trials [11, 13, 16, 18, 20]. Pooled

evidence indicated that DAPT decreased the risk of com-

posite outcome of major vascular events by 30 % (RR

0.70, 95 % CI 0.60–0.81) (Fig. 6). There is no statistical

heterogeneity between the five trials (P= 0.94, I2 = 0 %).

Five trials [11, 13, 14, 18, 19] reported data on TIA

(Fig. 7). Based on the overall pooled evidence, compared

with monotherapy, DAPT has a nonsignificant reduction in

TIA (RR 0.81, 95 % CI 0.56–1.17) and heterogeneity

(P = 0.80, I2 = 0 %).

The safety endpoints were major bleeding, intracranial

hemorrhage and bleeding episodes (Figs. 8, 9, 10). Major

bleeding is a primary index for safety; totally eight trials

[11, 13–18, 20] reported values on major bleeding. As

shown in Fig. 8, there is no significant difference in the risk

of major bleeding between DAPT and monotherapy (RR

1.44, 95 % CI 0.72–2.88). Eight trials [11, 13–17, 19, 20]

have reported information regarding intracranial hemor-

rhage. The pooled evidence indicated that compared with

monotherapy, DAPT has led to a nonsignificant increase in

this domain (RR 1.29, 95 % CI 0.56–2.93). The bleeding

episodes were available on seven trials [11, 13–17, 20];

Table 2 Baseline characteristics of participants

Trial Mean

age, Y

Male

(%)

Hypertension DM Patients Age,

Y

Onset-to-

treatment

interval

Lost to

follow-up
Dual

Therapy

Mono

Therapy

Dual

Therapy

Mono

Therapy

CARESS

2005

64 69 38 (75 %) 31 (55 %) 16 (31 %) 18 (32 %) Stroke [18 3 M 0

Bal dit Sollier

2009

71 73 UNK UNK UNK UNK Stroke,

TIA

50–90 [8 days 0

CHANCE

2013

62 66 1716 (66 %) 1683 (65 %) 550 (21 %) 543 (21 %) Minor

stroke or

TIA

C40 \24 h 36

CLAIR 2010 58 78 27 (60 %) 35 (69 %) 21 (46 %) 16 (31 %) Stroke,

TIA

C18 7 days 1

Fan He 2014 62 57 213 (66 %) 224 (69 %) 138 (43 %) 128 (39 %) Stroke,

TIA

C40 \72 h 0

FASTER

2007

69 66 92 (46 %) 106 (55 %) 24 (12 %) 18 (9 %) Minor

stroke or

TIA

C40 \24 h 7

Yi2014 69 55 204 (72 %) 210 (73 %) 105 (37 %) 110 (38 %) Stroke C18 \48 h 0

EARLY 2010 69 62 205 (72 %) 197 (76 %) 62 (22 %) 67 (26 %) Stroke,

TIA

C18 \24 h 16

Chairangsarit

2005

64 53 14 (70 %) 5 (28 %) 6 (30 %) 6 (33 %) Stroke [45 \48 h 9

PRoFESS

2009

66 64 472 (70 %) 484 (70 %) 188 (28 %) 186 (27 %) Stroke C50 \72 h 12

DM diabetes mellitus, UNK unknown, TIA transient ischemic attack

J Neurol (2016) 263:2247–2259 2251

123



Fig. 2 Risk of bias graph and

summary for included studies

Table 3 Summary of GRADE evidence profile

Outcome Study

design

Risk of

bias

Inconsistency Indirectness Imprecision Publication bias Quality of

evidence

Recurrent stroke RCT Seriousa No No No Strongly

suspectedc
Low

The net clinical outcome RCT Seriousa No No No Undetected Moderate

Ischemic stroke recurrence RCT Seriousa No No No Strongly

suspectedc
Low

TIA RCT Seriousa No No Very

seriousb
Undetected Very low

Composite outcome of major

vascular events

RCT No No No No Undetected High

Bleeding episodes RCT Seriousa No No No Undetected Low

Major bleeding RCT Seriousa No No Very

seriousb
Undetected Very low

Intracranial hemorrhage RCT Seriousa No No Very

seriousb
Undetected Very low

a Allocation concealment and blinding method of some included trials were not offered
b The total sample size is much less than OIS and the overall number of events was less than 300
c Publication bias may exist proved by asymmetrical funnel plot
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DAPT can lead to a significant increase in bleeding epi-

sodes compared with monotherapy (RR 1.66, 95 % CI

1.19–2.30). No statistical heterogeneity was found in all

three safety outcomes.

Through sensitive analysis conducted by STATA soft-

ware, we found similar overall results for primary outcome

after excluding each individual study shown in Fig. 11.

Discussion

The meta-analysis of 8969 participants provided evidence

about the efficacy and safety of short-term DAPT in

treating IS or TIA. A sensitivity analysis on three main

outcomes generated similar results, which indicated that

results of the present meta-analysis were generalizable. In

Fig. 3 Individual and summary risk ratios (RRs) with 95 % CIs of recurrent stroke

Fig. 4 Individual and summary risk ratios (RRs) with 95 % CIs of the net clinical outcome

Fig. 5 Individual and summary risk ratios (RRs) with 95 % CIs of ischemic stroke recurrence
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the subgroup analysis of clopidogrel plus aspirin or

dipyridamole plus aspirin, significant reductions were

found in the risks of stroke recurrence, the net clinical

outcome, composite outcome of vascular events and IS

recurrence (Table 4). We also performed an acute phase

(\72 h) and non-acute phase subgroup analysis of eight

outcomes. The data indicated that either in acute IS or non-

acute phase of IS, DAPT brought more beneficial outcomes

without increasing the risk for major bleeding and

intracranial hemorrhage. In addition, subgroup analysis

based on different races was also carried out. Both arms

have similar effect outcomes, whereas non-Asian have

more bleeding risk compared with Asian which may be due

to different physiology character and stroke type.

Although many clinical trials such as MATCH [25] or

SPS3 [26] and meta-analyses [27, 28] have shown that

treatment with DAPT offers no better clinical outcomes

while having more bleeding danger, many participants in

these trials were given long-term treatment of DAPT which

may increase risks of bleeding. Three network meta-anal-

yses [29–31] were published recently which compared

different antiplatelet therapy for treating IS. All three

analyses concluded that cilostazol has advantages over

DAPT. Whereas the conclusions lack credibility for they

Fig. 6 Individual and summary risk ratios (RRs) with 95 % CIs of composite outcome of major vascular events

Fig. 7 Individual and summary risk ratios (RRs) with 95 % CIs of TIA

Fig. 8 Individual and summary risk ratios (RRs) with 95 % CIs of major bleeding
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Fig. 9 Individual and summary risk ratios (RRs) with 95 % CIs of intracranial hemorrhage

Fig. 10 Individual and summary risk ratios (RRs) with 95 % CIs of bleeding episodes

  0.33   0.62  0.53   0.73  0.76

 Bal dit Sollier

 CARESS

 Chairangsarit

 CHANCE

 CLAIR

 EARLY

 Fan He

 FASTER

 PRoFESS

 Yi

 Lower CI Limit  Estimate  Upper CI Limit
 Meta-analysis estimates, given named study is omittedFig. 11 Sensitivity analysis of

primary outcome
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Table 4 Subgroup analysis of eight outcomes on baseline characteristics (treatment initiation time, races, different DAPT combination)

Subgroup Studies Participants Statistical method RR (95 % CI) P for interaction

Recurrent stroke

Acute stroke or TIA (B72 h) 7 8720 RR (M–H, fixed, 95 % CI) 0.66 [0.57, 0.77] 0.16

Non-acute stroke or TIA 3 249 RR (M–H, fixed, 95 % CI) 0.19 [0.03, 1.07]

Asian 5 6523 RR (M–H, fixed, 95 % CI) 0.67 [0.57, 0.79] 0.43

Non-Asian 4 1086 RR (M–H, fixed, 95 % CI) 0.56 [0.36, 0.86]

A ? C 7 7006 RR (M–H, fixed, 95 % CI) 0.66 [0.57, 0.77] 0.52

A ? D 3 1941 RR (M–H, fixed, 95 % CI) 0.56 [0.36, 0.90]

The net clinical outcome

Acute stroke or TIA (B72 h) 4 7492 RR (M–H, random, 95 % CI) 0.68 [0.59, 0.80] 0.17

Non-acute stroke or TIA 2 205 RR (M–H, random, 95 % CI) 0.16[0.02,1.26]

Asian 3 5838 RR (M–H, random, 95 % CI) 0.67 [0.57, 0.79] 0.96

Non-Asian 2 499 RR (M–H, random, 95 % CI) 0.68 [0.38, 1.22]

A ? C 5 6337 RR (M–H, random, 95 % CI) 0.67 [0.57, 0.79] 0.81

A ? D 1 1360 RR (M–H, random, 95 % CI) 0.73 [0.39, 1.34]

Ischemic stroke recurrence

Acute stroke or TIA (B72 h) 5 7530 RR (M–H, fixed, 95 % CI) 0.66 [0.56, 0.77] 0.16

Non-acute stroke or TIA 3 249 RR (M–H, fixed, 95 % CI) 0.19 [0.03, 1.07]

Asian 4 5876 RR (M–H, fixed, 95 % CI) 0.67 [0.56, 0.79] 0.33

Non-Asian 3 543 RR (M–H, fixed, 95 % CI) 0.48 [0.25, 0.91]

A ? C 6 6359 RR (M–H, fixed, 95 % CI) 0.65 [0.55, 0.76] 0.71

A ? D 2 1398 RR (M–H, fixed, 95 % CI) 0.56 [0.27, 1.17]

TIA

Acute stroke or TIA (B72 h) 3 5751 RR (M–H, fixed, 95 % CI) 0.80 [0.54, 1.20] 0.90

Non-acute stroke or TIA 2 205 RR (M–H, fixed, 95 % CI) 0.86 [0.34, 2.19]

Asian 3 5306 RR (M–H, fixed, 95 % CI) 0.86 [0.57, 1.30] 0.55

Non-Asian 2 650 RR (M–H, fixed, 95 % CI) 0.65 [0.29, 1.46]

A ? C 3 5375 RR (M–H, fixed, 95 % CI) 0.83 [0.57, 1.23] 0.64

A ? D 2 581 RR (M–H, fixed, 95 % CI) 0.61 [0.17, 2.15]

Composite outcome of major vascular events

Acute stroke or TIA (B72 h) 4 7465 RR (M–H, fixed, 95 % CI) 0.70 [0.61, 0.82] 0.39

Non-acute stroke or TIA 1 107 RR (M–H, fixed, 95 % CI) 0.27 [0.03, 2.38]

Asian 1 5170 RR (M–H, fixed, 95 % CI) 0.70 [0.60, 0.83] 0.80

Non-Asian 3 1042 RR (M–H, fixed, 95 % CI) 0.67 [0.45, 0.98]

A ? C 3 5669 RR (M–H, fixed, 95 % CI) 0.70 [0.60, 0.82] 0.94

A ? D 2 1903 RR (M–H, fixed, 95 % CI) 0.69 [0.46, 1.03]

Bleeding episodes

Acute stroke or TIA (B72 h) 5 8139 RR (M–H, fixed, 95 % CI) 1.61 [1.15, 2.25] 0.44

Non-acute stroke or TIA 2 205 RR (M–H, Fixed, 95 % CI) 3.33 [0.54, 20.69]

Asian 4 6485 RR (M–H, Fixed, 95 % CI) 1.59 [1.11, 2.26] 0.15

Non-Asian 2 499 RR (M–H, Fixed, 95 % CI) 5.85 [1.02, 33.56]

A ? C 6 6984 RR (M–H, Fixed, 95 % CI) 1.71 [1.21, 2.42] 0.54

A ? D 1 1360 RR (M–H, Fixed, 95 % CI) 1.19 [0.40, 3.54]

Major bleeding

Acute stroke or TIA (B72 h) 6 8682 RR (M–H, fixed, 95 % CI) 1.44 [0.72, 2.88] Not estimable

Non-acute stroke or TIA 2 205 RR (M–H, fixed, 95 % CI) Not estimable

Asian 4 6485 RR (M–H, fixed, 95 % CI) 0.88 [0.32, 2.41] 0.13

Non-Asian 3 1042 RR (M–H, fixed, 95 % CI) 4.14 [0.71, 23.97]
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are indirect comparisons of different antiplatelet therapy;

large head-to-head RCTs are needed to further confirm

their conclusions.

To our knowledge, there are two recently published

meta-analyses that mentioned the comparison of short-term

DAPT and monotherapy. They also recommended short-

term DAPT for IS or TIA which is consistent with our

results. Compared with these two analyses, first we focused

on the short-term application of DAPT. Second, we

included more dual-antiplatelet combinations and made

subgroup analysis according to different combinations.

Third, quality of the included studies in the meta-analyses

by Zhang et al. [22] and Ge et al. [21] was only assessed

with Jadad scoring system, which is explicitly discouraged

in Cochrane reviews because it has a strong emphasis on

reporting rather than conducting and does not cover one of

the most important potential biases in randomized trials

(allocation concealment). Fourth, we used Cochrane col-

laboration’s tool for assessing the risk of bias, which is

recommended in Cochrane reviews. Moreover, our meta-

analysis is the first study of this subject to assess the quality

of evidence with the GRADE system, which was used to

ensure the reliability of our results.

There are two ongoing multicenter clinical trials [32, 33]

which are relevant to our analysis. The double-blind

POINT [32] (Platelet-Oriented Inhibition in New TIA and

Minor Ischemic Stroke, ClinicalTrials.gov Identifier:

NCT00991029) trial aims to assess the safety and efficacy

of clopidogrel (75 mg od) plus aspirin (50–325 mg od)

versus aspirin alone (50–325 mg od) for reducing risk of

major ischemic vascular events at 90 days, in TIA or minor

stroke patients within 12 h of symptom onset. It was ini-

tiated in October 2009 and aims to enroll 5840 patients

until December 2018. Upon finished, the POINT trial will

be included in our updated meta-analysis. In addition, the

open-label, blinded end point TARDIS [33] (triple anti-

platelets for reducing dependency after ischaemic stroke)

trial (ISRCTN47823388) is investigating the efficacy and

safety of more intensive antiplatelet therapy (combined

aspirin, clopidogrel, and dipyridamole) in treating IS and

TIA. Both these trials will bring fresh air to the estab-

lishment of future guidelines for treatment of acute IS and

TIA.

We note several limitations in our study. First, our meta-

analysis included studies that varied in relation to the study

population, stroke severity, comparator, antiplatelet medi-

cations, onset-to-treatment interval, and treatment duration.

All of these factors could be potential confounders for

accurate inclusions. Second, CHANCE is a large trial

which account for about 50 % of participants in the meta-

analysis; therefore, its results drove much of the findings.

Third, only published data were included, which may lead

to a reporting bias by overestimating the effect of dual

therapy. In addition, the majority of participants included

in trials are from Asia; therefore, the application of our

inclusions may have some limitations in whites. All these

aspects reinforce the need to perform more large, well-

designed trials involving the effects of short-term DAPT in

the secondary prevention of IS to obtain more reliable

conclusions.

Conclusions

In conclusion, the current study shows that short-term

(B1 year) DAPT offers protection effects against stroke

recurrence and major vascular events without increasing

the risk of hemorrhagic stroke and major bleeding events in

patients with prior stroke or TIA. Either in acute phase or

non-acute phase, DAPT will provide more beneficial out-

comes for patients with IS or TIA. For both the combina-

tion of aspirin plus clopidogrel and aspirin plus

dipyridamole, short-term DAPT is superior to monotherapy

in treating IS or TIA. Results of ongoing large trials will

provide more conclusive evidence on the use of DAPT for

Table 4 continued

Subgroup Studies Participants Statistical method RR (95 % CI) P for interaction

A ? C 6 6984 RR (M–H, fixed, 95 % CI) 1.46 [0.61, 3.50] 0.96

A ? D 2 1903 RR (M–H, fixed, 95 % CI) 1.41 [0.45, 4.41]

Intracranial hemorrhage

Acute stroke or TIA (B72 h) 6 8177 RR (M–H, fixed, 95 % CI) 1.29 [0.56, 2.93] Not estimable

Non-acute stroke or TIA 2 205 RR (M–H, fixed, 95 % CI) Not estimable

Asian 5 6523 RR (M–H, fixed, 95 % CI) 1.10 [0.46, 2.63] 0.35

Non-Asian 2 499 RR (M–H, fixed, 95 % CI) 4.90 [0.24, 101.40]

A ? C 6 6984 RR (M–H, fixed, 95 % CI) 1.21 [0.51, 2.85] 0.63

A ? D 2 1398 RR (M–H, fixed, 95 % CI) 2.71 [0.12, 62.70]

A aspirin, C clopidogrel, D dipyridamole, TIA: transient ischemic attack, RR risk ratio, CI confidence interval, M–H Mantel–Haenszel
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stroke patients of other ethnic descents than Asian region

and for IS patients.
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