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Abstract
Background:The efficacy of double antithrombotic therapy (DAT) vs. triple antithrombotic therapy (TAT) for prevention of bleeding
and ischemic events in patients with atrial fibrillation following percutaneous coronary intervention (PCI) is unclear in those subgroups
defined by the 5 factors (i.e., sex, age, race, history of diabetes, and type of P2Y12 inhibitor). We aimed to assess the efficacy of DAT
vs TAT in these patient subgroups.

Methods:We searched PubMed and relevant websites to include related randomized controlled trials (RCTs). Two endpoints of
interest were clinically significant bleeding and major adverse cardiac events (MACE). Meta-analysis was performed stratified by 5
factors of interest (i.e., sex, age, race, history of diabetes, and type of P2Y12 inhibitor) to obtain pooled hazard ratio (HR) and 95%
confidence interval (CI). Meta-regression analysis was conducted to evaluate subgroup effects. We detected publication bias by
Egger test and funnel plots.

Results:We included 4 RCTs for meta-analysis. DAT vs TAT significantly reduced the risk of clinically significant bleeding (HR 0.56,
95% CI 0.50–0.63). This effect of DAT was observed in most subgroups of interest (HR ranged from 0.54 to 0.69), and was
consistent across various subgroups defined by each of the 5 factors of interest (Psubgroup ranged from 0.290 to 0.794). DAT vs TAT
led to the similar risk of MACE (HR 0.98, 95% CI 0.89–1.08). This effect of DAT was observed in all subgroups of interest (all 95% CIs
of HRs were across 1.0), and was consistent across various subgroups defined by each of the 5 factors of interest (Psubgroup ranged
from 0.308 to 0.828). Publication bias was found only in one subgroup.

Conclusions:Compared with TAT, DAT significantly reduces the risk of clinically significant bleeding and leads to the similar risk of
MACE in patients with atrial fibrillation following PCI, irrespective of sex, age, race, history of diabetes, and type of P2Y12 inhibitor
used at baseline.

Abbreviations: ACS = acute coronary syndrome, CI = confidence interval, DAT = double antithrombotic therapy, HR = hazard
ratio, MACE =major adverse cardiac events, PCI = percutaneous coronary intervention, RCTs = randomized controlled trials, TAT =
triple antithrombotic therapy, VKA = vitamin K antagonist.
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1. Introduction

The efficacy of double antithrombotic therapy (DAT) vs. triple
antithrombotic therapy (TAT) for prevention of bleeding and
ischemic events in patients with atrial fibrillation following
percutaneous coronary intervention (PCI) is unclear in some
subgroups of patients with different clinical characteristics,
because different randomized controlled trials (RCTs) reported
inconsistent findings and individual trials were underpowered to
assess the efficacy of DAT vs TAT in specific patient subgroups.
As one of the examples that different studies reported inconsistent
findings, 3 trials[1–3] showed that DAT vs TAT significantly
reduced the risk of major bleeding in the subgroup of patients
with age ≥75years, whereas 1 other trial[4] did not show the
significant reduction in the risk of major bleeding with DAT. As
one of the examples that individual trials were underpowered for
some patient subgroups, 2 trials[1,3] had the sufficient statistical
power to reveal that DAT significantly reduced the risk of major
bleeding compared with TAT in the subgroup of White patients
whereas none had the sufficient statistical power to reveal that in
the subgroups of Asian patients and Black patients.[1,3,4]

Thus, we conducted this meta-analysis to assess the efficacy of
DAT vs TAT on bleeding and ischemic endpoints in various
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patient subgroups pre-defined according to 5 factors (i.e., sex,
age, race, history of diabetes, and type of P2Y12 inhibitor).
2. Methods

Thismeta-analysiswas completed in accordancewith the PRISMA
statement. The PRISMA checklist for this paper is available in
Supplementary data 1, http://links.lww.com/MD/F529.

2.1. Inclusion and exclusion criteria

We searched PubMed and relevant websites (i.e., clinicaltrials.
gov, and clinical trial result.org) from the inception of databases/
websites to August 2019 to obtain relevant RCTs. We used the
same search strategies as those used in a meta-analysis[5] recently
published in the European Heart Journal.
Original studies we included in this meta-analysis were RCTs in

patients with atrial fibrillation who received percutaneous coronary
intervention (PCI) in at least 50% of the sample and were allocated
to DAT or TAT. Atrial fibrillation considered in this meta-analysis
was previous, persistent, permanent, or paroxysmal atrial fibrilla-
tion. TAT consisted of any vitamin K antagonist (VKA) in
combination with DAT, while DAT consisted of any non-VKA
Addi�onal records iden�fied 
through other sources 

(n = 3)

icates removed 
7) 

reened 
7) 

Records excluded 
(n = 241) 

s assessed 
ility 

6)

Full-text ar�cles excluded, 
with reasons 

(n = 22)

luded in 
ynthesis 
)

luded in 
synthesis 
alysis) 
) 

Flow Diagram.

http://links.lww.com/MD/F529


NOTE: Weights are from random effects analysis
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Figure 2. (A) Forest plot of meta-analysis on clinically significant bleeding, stratified by sex. (B) Forest plot of meta-analysis on clinically significant bleeding, stratified
by age. (C) Forest plot of meta-analysis on clinically significant bleeding, stratified by race. (D) Forest plot of meta-analysis on clinically significant bleeding, stratified
by history of diabetes. (E) Forest plot of meta-analysis on clinically significant bleeding, stratified by type of P2Y12 inhibitor.
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oral anticoagulant in combination with a P2Y12 inhibitor. This
study directly focused on patients with atrial fibrillation following
PCI, but not patients with atrial fibrillation and acute coronary
syndrome (ACS, a composite of ST-elevationmyocardial infarction,
non-ST-elevation myocardial infarction, or unstable angina),
although some of the included patients were patients with atrial
fibrillation who underwent PCI for ACS. Included RCTs aimed to
compare DAT with TAT for prevention of bleeding and ischemic
endpoints.Thebleedingendpointof interestwasclinically significant
bleedingwhichwasa composite ofmajorbleedingorminorbleeding
according to Thrombolysis in Myocardial Infarction criteria or
bleeding requiring medical attention,[1] while the ischemic endpoint
of interest was major adverse cardiac events (MACE) which was a
composite of myocardial infarction, stroke, or death from
cardiovascular causes.[1]

Two authors independently completed study selection, data
extraction and quality assessment for included studies. Quality
assessment for included studies was done using the Cochrane risk
of bias tool. Any disagreements about the above assignments
were resolved by the involvement of a third author.
2.2. Statistical analysis

Meta-analysis was conducted on 2 outcomes of interest (i.e.,
clinically significant bleeding and MACE) in various subgroups of
3

interest which were subgroups of patients with different sex (male
and female), age (<75years vs ≥75years), race (White, Black and
Asian), history of diabetes (no and yes), and type of P2Y12 inhibitor
used at baseline (clopidogrel, ticagrelor and prasugrel). Relative
effect was measured by hazard ratio (HR) and 95% confidence
interval (CI) of HR. We conducted meta-regression analysis to
explore subgroup effects, and Psubgroup<0.05 was considered as
statistical significance. Meta-analysis and meta-regression analysis
was based on the random-effects model. We examined statistical
heterogeneity using I2 statistic, and I2 >50% was considered as
substantial heterogeneity. Publication bias was detected by Egger
test and funnel plots. Statistical analyses were done and forest and
funnel plots were drawn using Stata (version 15.1).

2.3. Ethical statement

The data analyzed in this study were extracted from previously
published studies, and therefore ethical approval was not
necessary.
3. Results

3.1. Characteristics of included studies

We finally included 4 RCTs[1–4] for meta-analysis. The study
selection process is shown in Figure 1. The results of quality

http://www.md-journal.com
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Figure 2. (Continued).

NOTE: Weights are from random effects analysis

.

.

.

Overall  (I−squared = 0.0%, p = 0.659)

ENTRUST−AF PCI

AUGUSTUS

Study

AUGUSTUS

Subtotal  (I−squared = .%, p = .)

AUGUSTUS

Subtotal  (I−squared = 0.0%, p = 0.664)

Race: Black

PIONEER AF−PCI

Subtotal  (I−squared = 0.2%, p = 0.317)

Race: Asian

Race: White

PIONEER AF−PCI

14

NR

(DAT)

NR

NR

Events

103

4

82

NR

(DAT)

NR

NR

Patients

650

24

23

NR

(TAT)

NR

NR

Events

152

14

87

NR

(TAT)

NR

NR

Patients

655

33

0.56 (0.49, 0.65)

0.65 (0.36, 1.17)

0.53 (0.44, 0.63)

HR (95% CI)

1.41 (0.31, 6.25)

1.41 (0.31, 6.33)

0.49 (0.15, 1.59)

0.56 (0.35, 0.90)

0.62 (0.48, 0.79)

0.56 (0.48, 0.65)

0.37 (0.12, 1.13)

100.00

5.54

59.71

Weight

0.85

0.85

1.38

8.45

%

30.99

90.70

1.53

0.56 (0.49, 0.65)

0.65 (0.36, 1.17)

0.53 (0.44, 0.63)

HR (95% CI)

1.41 (0.31, 6.25)

1.41 (0.31, 6.33)

0.49 (0.15, 1.59)

0.56 (0.35, 0.90)

0.62 (0.48, 0.79)

0.56 (0.48, 0.65)

0.37 (0.12, 1.13)

100.00

5.54

59.71

Weight

0.85

0.85

1.38

8.45

%

30.99

90.70

1.53

DAT better  TAT better 
1.12 1 6.25

P for subgroup differences from meta−regression = 0.555

C

Figure 2. (Continued).
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Figure 3. (A) Forest plot of meta-analysis on major adverse cardiovascular events, stratified by sex. (B) Forest plot of meta-analysis on major adverse
cardiovascular events, stratified by age. (C) Forest plot of meta-analysis on major adverse cardiovascular events, stratified by race. (D) Forest plot of meta-analysis
onmajor adverse cardiovascular events, stratified by history of diabetes. (E) Forest plot of meta-analysis onmajor adverse cardiovascular events, stratified by type of
P2Y12 inhibitor.
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assessment for included trials were the same as those in a meta-
analysis[5] recently published in the European Heart Journal. All
the included 4 RCTs[1–4] reported the subgroup analyses of
interest for the outcome of clinically significant bleeding, while
3[1–3] of them reported the subgroup analyses of interest for the
outcome of MACE. Across the 4 trials included, DAT and TAT
consistently started at the time of randomization, which occurred
from immediately after PCI up until 14days after PCI. The
follow-up duration ranged from 6months to 14months. The data
used for pooled analysis in the study are presented in
Supplementary data 2, http://links.lww.com/MD/F530.

3.2. Meta-analyses

Figure 2 shows the forest plots of meta-analysis on clinically
significant bleeding stratified by 5 factors of interest (i.e., sex, age,
race, history of diabetes, and type of P2Y12 inhibitor). Compared
with TAT, DAT significantly reduced the risk of clinically
significant bleeding (HR 0.56, 95% CI 0.50–0.63, I2 0%). DAT
vs TAT significantly reduced this risk in the subgroups of male
patients (HR 0.54, 95% CI 0.47–0.61) and of female patients
(HR 0.63, 95% CI 0.51–0.77) (Fig. 2A). DAT vs TAT
significantly reduced this risk in the subgroups of patients with
6

age<75years (HR 0.59, 95%CI 0.48–0.73) and of patients with
age ≥75years (HR 0.69, 95% CI 0.57–0.84) (Fig. 2B). DAT vs
TAT significantly reduced this risk in the subgroups of White
patients (HR 0.56, 95%CI 0.48–0.65) and of Asian patients (HR
0.56, 95% CI 0.35–0.90) (Fig. 2C). DAT vs TAT significantly
reduced this risk in the subgroups of patients with no diabetes
(HR 0.54, 95% CI 0.46–0.63) and of patients with diabetes (HR
0.56, 95% CI 0.46–0.68) (Fig. 2D). DAT vs TAT significantly
reduced this risk in the subgroups of patients with baseline use of
clopidogrel (HR 0.64, 95% CI 0.48–0.87) and of patients with
baseline use of ticagrelor (HR 0.54, 95%CI 0.39–0.75) (Fig. 2E).
All of these subgroup effects were not statistically significant (P
value for subgroup differences ranged from .290 to .794).
Figure 3 shows the forest plots of meta-analysis on MACE

stratified by the 5 factors of interest. Compared with TAT, DAT
led to the similar risk of MACE (HR 0.98, 95% CI 0.89–1.08, I2

0%). DAT vs. TAT led to the similar risk in the subgroups of male
patients (HR 1.01, 95% CI 0.81–1.26) and of female patients
(HR 1.04, 95% CI 0.87–1.25) (Fig. 3A). DAT vs TAT led to the
similar risk in the subgroups of patients with age <75years (HR
0.96, 95%CI 0.86–1.07) and of patients with age ≥75years (HR
1.05, 95% CI 0.82–1.34) (Fig. 3B). DAT vs. TAT led to the
similar risk in the subgroups ofWhite patients (HR 0.90, 95%CI

http://links.lww.com/MD/F530


NOTE: Weights are from random effects analysis

.

.

Overall  (I−squared = 0.0%, p = 0.488)

PIONEER AF−PCI

Study

Subtotal  (I−squared = 14.8%, p = 0.309)

AUGUSTUS

RE−DUAL PCI

AUGUSTUS

Subtotal  (I−squared = 0.0%, p = 0.406)

Age: ? 75years

PIONEER AF−PCI

RE−DUAL PCI

Age: ? 75years

23

(DAT)

NR

39

NR

18

110

Events

443

(DAT)

NR

225

NR

251

756

Patients

27

(TAT)

NR

33

NR

9

98

Events

472

(TAT)

NR

225

NR

223

756

Patients

0.97 (0.88, 1.07)

0.86 (0.49, 1.50)

HR (95% CI)

1.05 (0.82, 1.34)

0.93 (0.72, 1.19)

1.18 (0.77, 1.81)

0.93 (0.82, 1.05)

0.96 (0.86, 1.07)

1.65 (0.74, 3.68)

1.12 (0.87, 1.45)

100.00

2.99

Weight

21.41

14.83

5.13

61.25

78.59

1.46

14.35

%

0.97 (0.88, 1.07)

0.86 (0.49, 1.50)

HR (95% CI)

1.05 (0.82, 1.34)

0.93 (0.72, 1.19)

1.18 (0.77, 1.81)

0.93 (0.82, 1.05)

0.96 (0.86, 1.07)

1.65 (0.74, 3.68)

1.12 (0.87, 1.45)

100.00

2.99

Weight

21.41

14.83

5.13

61.25

78.59

1.46

14.35

%

DAT better  TAT better 
1.49 1 3.68

P for subgroup differences from meta−regression = 0.66

B

Figure 3. (Continued).

NOTE: Weights are from random effects analysis

.

.

.

Overall  (I−squared = 33.0%, p = 0.214)

AUGUSTUS

Subtotal  (I−squared = 0.0%, p = 0.723)

Subtotal  (I−squared = .%, p = .)

Race: Asian

PIONEER AF−PCI

Race: Black

Race: White

AUGUSTUS

Subtotal  (I−squared = .%, p = .)

AUGUSTUS

Study

NR

Events

37

NR

NR

(DAT)

NR

Patients

648

NR

NR

(DAT)

NR

Events

36

NR

NR

(TAT)

NR

Patients

653

NR

NR

(TAT)

1.00 (0.76, 1.31)

0.89 (0.79, 1.01)

0.90 (0.79, 1.01)

2.33 (0.93, 5.83)

0.97 (0.61, 1.53)

1.11 (0.50, 2.44)

1.11 (0.50, 2.45)

2.33 (0.94, 5.88)

HR (95% CI)

100.00

59.68

%

82.48

7.65

22.80

9.86

9.86

7.65

Weight

1.00 (0.76, 1.31)

0.89 (0.79, 1.01)

0.90 (0.79, 1.01)

2.33 (0.93, 5.83)

0.97 (0.61, 1.53)

1.11 (0.50, 2.44)

1.11 (0.50, 2.45)

2.33 (0.94, 5.88)

HR (95% CI)

100.00

59.68

%

82.48

7.65

22.80

9.86

9.86

7.65

Weight

DAT better  TAT better 
1.5 1 5.88

P for subgroup differences from meta−regression = 0.432

C

Figure 3. (Continued).

Qiu et al. Medicine (2021) 100:1 www.md-journal.com

7

http://www.md-journal.com


NOTE: Weights are from random effects analysis

.

.

Overall  (I−squared = 49.3%, p = 0.115)

History of diabetes: No

RE−DUAL PCI

Study

Subtotal  (I−squared = 26.9%, p = 0.242)

AUGUSTUS

AUGUSTUS

History of diabetes: Yes

RE−DUAL PCI

Subtotal  (I−squared = 31.4%, p = 0.227)

57

(DAT)

NR

NR

92

Events

362

(DAT)

NR

NR

619

Patients

56

(TAT)

NR

NR

75

Events

371

(TAT)

NR

NR

609

Patients

0.98 (0.84, 1.15)

1.04 (0.74, 1.46)

HR (95% CI)

1.06 (0.89, 1.25)

0.82 (0.68, 0.98)

1.00 (0.86, 1.16)

1.21 (0.91, 1.60)

0.88 (0.71, 1.10)

100.00

14.99

Weight

54.57

30.44

35.32

19.26

45.43

%

0.98 (0.84, 1.15)

1.04 (0.74, 1.46)

HR (95% CI)

1.06 (0.89, 1.25)

0.82 (0.68, 0.98)

1.00 (0.86, 1.16)

1.21 (0.91, 1.60)

0.88 (0.71, 1.10)

100.00

14.99

Weight

54.57

30.44

35.32

19.26

45.43

%

DAT better  TAT better 
1.68 1 1.6

P for subgroup differences from meta−regression = 0.308

D

Figure 3. (Continued).

NOTE: Weights are from random effects analysis

.

.

.

Overall  (I−squared = 0.0%, p = 0.603)

P2Y12 inhibitor: Ticagrelor

P2Y12 inhibitor: Prasugrel

Subtotal  (I−squared = 0.0%, p = 0.498)

AUGUSTUS

Study

Subtotal  (I−squared = 0.0%, p = 0.449)

AUGUSTUS

Subtotal  (I−squared = .%, p = .)

RE−DUAL PCI

AUGUSTUS

PIONEER AF−PCI

P2Y12 inhibitor: Clopidogrel

NR

(DAT)

NR

25

NR

40

Events

NR

(DAT)

NR

132

NR

646

Patients

NR

(TAT)

NR

20

NR

36

Events

NR

(TAT)

NR

91

NR

669

Patients

0.95 (0.85, 1.05)

0.93 (0.83, 1.04)

1.11 (0.75, 1.67)

HR (95% CI)

1.01 (0.74, 1.39)

1.79 (0.63, 5.00)

1.79 (0.64, 5.04)

0.86 (0.51, 1.46)

0.92 (0.81, 1.03)

1.08 (0.69, 1.69)

100.00

87.31

7.34

Weight

11.59

1.10

1.10

4.25

81.45

5.86

%

0.95 (0.85, 1.05)

0.93 (0.83, 1.04)

1.11 (0.75, 1.67)

HR (95% CI)

1.01 (0.74, 1.39)

1.79 (0.63, 5.00)

1.79 (0.64, 5.04)

0.86 (0.51, 1.46)

0.92 (0.81, 1.03)

1.08 (0.69, 1.69)

100.00

87.31

7.34

Weight

11.59

1.10

1.10

4.25

81.45

5.86

%

DAT better  TAT better 
1.51 1 5

P for subgroup differences from meta−regression = 0.54

E

Figure 3. (Continued).

Qiu et al. Medicine (2021) 100:1 Medicine

8



Qiu et al. Medicine (2021) 100:1 www.md-journal.com
0.79–1.01), of Black patients (HR 2.33 95% CI 0.93–5.83) and
of Asian patients (HR 1.11, 95% CI 0.50–2.45) (Fig. 3C). DAT
vs TAT led to the similar risk in the subgroups of patients with no
diabetes (HR 1.06, 95% CI 0.89–1.25) and of patients with
diabetes (HR 0.88, 95% CI 0.71–1.10) (Fig. 3D). DAT vs TAT
led to the similar risk in the subgroups of patients with baseline
use of clopidogrel (HR 0.93, 95%CI 0.83–1.04), of patients with
baseline use of ticagrelor (HR 1.01, 95% CI 0.74–1.39) and of
patients with baseline use of prasugrel (HR 1.79, 95% CI 0.64–
5.04) (Fig. 3E). All of these subgroup effects were not statistically
significant (P value for subgroup differences ranged from .308
to .828).
We did not find substantial heterogeneity in most subgroups of

interest, whereas we found substantial heterogeneity in terms of
meta-analysis on clinically significant bleeding in the subgroups
of patients with age <75years (I2 = 64.1%) and patients with
baseline use of clopidogrel (I2=82.7%) and meta-analysis on
MACE in the subgroup of male patients (I2=53.6%).We did not
observe publication bias in most subgroups of interest, whereas
we observed publication bias as for clinically significant bleeding
in the subgroup of male patients (Figs. S1-S24 in Supplementary
data 3, http://links.lww.com/MD/F531).
4. Discussion

We assessed the efficacy of DAT vs. TAT for prevention of
bleeding and ischemic events in various subgroups among
patients with atrial fibrillation following PCI by conducting
subgroupmeta-analysis stratified by 5 factors of interest (i.e., sex,
age, race, history of diabetes, and type of P2Y12 inhibitor). Thus,
we summarized the findings in this study.
First, DAT vs. TAT significantly reduced the risk of clinically

significant bleeding (HR 0.56, 95% CI 0.50–0.63). The
significant reduction in the risk of clinically significant bleeding
shown by DAT was observed in most subgroups of interest (HR
ranged from 0.54 to 0.69), and was consistent across various
subgroups defined by each of the 5 factors of interest (Psubgroup
ranged from 0.290 to 0.794). Second, DAT vs TAT led to the
similar risk of MACE (HR 0.98, 95% CI 0.89–1.08). The similar
risk of MACE shown by DAT was observed in all subgroups of
interest (all 95%CIs of HRs were across 1.0), and was consistent
across various subgroups defined by each of the 5 factors of
interest (Psubgroup ranged from 0.308 to 0.828).
Previously publishedmeta-analysis studies[5–8] in the same field

assessed the efficacy of DAT vs TAT in patients with atrial
fibrillation and coronary artery disease, whereas this study[5–8]

failed to assess the efficacy of DAT vs TAT in various subgroups
of patients with different baseline characteristics. For the first
time, our study evaluated the efficacy of DAT vs TAT in various
subgroups of patients with different sex, age, race, history of
diabetes, and type of P2Y12 inhibitor used at baseline. Three
meta-analyses[5–7] demonstrated that DAT had a lower rate of
bleeding compared with TAT. Similarly, our study further
revealed that DAT vs TAT significantly reduced the risk of
clinically significant bleeding irrespective of sex, age, race, history
9

of diabetes, and type of P2Y12 inhibitor used at baseline.
Furthermore, our study revealed that DAT led to the similar risk
of MACE compared with TAT irrespective of sex, age, race,
history of diabetes, and type of P2Y12 inhibitor used at baseline.
The findings in this study will inform heart specialists and specific
patients with atrial fibrillation who underwent PCI to make
informed clinical decisions about the selection of DAT and TAT.
The study has 2 main weaknesses. First, in a few subgroups

substantial heterogeneity was found, and we failed to explore the
sources of heterogeneity due to the limited subgroup analysis data
provided in original studies. Second, publication bias was
observed as for clinically significant bleeding in the subgroup
of male patients, and therefore the result from meta-analysis on
this outcome in this subgroup needs to be interpreted with
caution.
In conclusion, compared with TAT, DAT significantly reduces

the risk of clinically significant bleeding and leads to the similar
risk of MACE in patients with atrial fibrillation following PCI,
irrespective of sex, age, race, history of diabetes, and type of
P2Y12 inhibitor used at baseline.
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