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ABSTRACT

Introduction: In this analysis, we aimed to
compare the efficacy and safety of discontinu-
ing aspirin (ASA) after short-term use versus its
continuous use with a P2Y12 inhibitor for the
treatment of patients with type 2 diabetes mel-
litus (T2DM) following percutaneous coronary
intervention (PCI).
Methods: From May to June 2020, electronic
databases were searched for related publica-
tions. The cardiovascular and bleeding out-
comes representing efficacy and safety,
respectively, were the endpoints of this study.
The new RevMan software version 5.4 was used
to analyze the data. Risk ratios (RR) and 95%
confidence intervals (CI) were used to represent
the results following data analysis.
Results: A total of 9774 participants with
T2DM were included in this analysis, whereby
4941 patients were assigned to the ASA

discontinuation group and 4833 patients to the
dual antiplatelet (DAPT) group. Our result
showed that compared to a longer duration
(12 months) of DAPT (ASA ? P2Y12 inhibitor)
use in these patients with T2DM, discontinuing
ASA after short-term use (1–3 months) there-
after using only a P2Y12 inhibitor (mono-ther-
apy) was not associated with a significant
increase in the risk of major adverse cardiovas-
cular and cerebrovascular events (RR 0.92, 95%
CI 0.76–1.12; P = 0.39), myocardial infarction
(RR 0.98, 95% CI 0.75–1.26; P = 0.86), all-cause
mortality (RR 0.78, 95% CI 0.60–1.02; P = 0.07),
cardiac death (RR 0.76, 95% CI 0.43–1.35;
P = 0.35), stroke (RR 1.06, 95% CI 0.67–1.67;
P = 0.80) and stent thrombosis (RR 0.98, 95% CI
0.58–1.65; P = 0.93). However, discontinuing
ASA after short-term use in these patients with
T2DM was associated with a lower risk of
bleeding defined according to the Academic
Research Consortium (BARC) type 2–5 (RR 0.55,
95% CI 0.41–0.73; P = 0.0001), and thrombol-
ysis in myocardial infarction (TIMI) defined as
major (RR 0.55, 95% CI 0.41–0.75; P = 0.0001)
and minor bleeding (RR 0.58, 95% CI 0.43–0.78;
P = 0.0004).
Conclusion: Discontinuing ASA after short-
term use for the treatment of patients with
T2DM following PCI was not associated with
any increased cardiovascular outcomes. Also,
discontinuing ASA after short-term use and
continuing the use of a P2Y12 inhibitor were
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somewhat safer in these patients with T2DM.
Further research should follow.

Keywords: Aspirin; Bleeding; Dual anti-platelet
agents; Major adverse cardiovascular and
cerebrovascular events; Percutaneous coronary
intervention; P2Y12 inhibitors; Type 2 diabetes
mellitus

Key Summary Points

Why carry out this study?

Type 2 diabetes mellitus (T2DM) and
cardiovascular diseases are two major non-
communicable diseases affecting a large
population worldwide.

In patients with ACS, revascularization by
either percutaneous coronary
intervention (PCI) or coronary artery
bypass grafting (CABG) has been the
treatment strategy.

Following revascularization of the
coronary vessels, dual antiplatelet therapy
(DAPT) with aspirin (ASA) and a P2Y12
inhibitor (clopidogrel or ticagrelor) is
prescribed.

The efficacy and safety of discontinuing
ASA is not known.

What was learned from this study?

Discontinuing ASA after short-term use
and continuing the use of a P2Y12
inhibitor is equally effective and
somewhat safer in patients with T2DM.

INTRODUCTION

Type 2 diabetes mellitus (T2DM) and cardiovas-
cular diseases are two major non-communicable
diseases affecting a large population worldwide
[1]. In fact, cardiovascular diseases have often
been a major macro-vascular complication of

T2DM[2].Vascular disordersof the cardiac system
often lead to acute coronary syndrome (ACS). In
patients with ACS, revascularization by either
percutaneous coronary intervention (PCI) or
coronary artery bypass grafting (CABG) has been
the treatment strategy [3]. Following revascular-
ization of the coronary vessels, dual antiplatelet
therapy (DAPT) with aspirin (ASA) and a P2Y12
inhibitor (clopidogrel, an irreversible P2Y12
inhibitor, or ticagrelor, a direct-acting reversible
oral antagonist of P2Y12) is prescribed for a
duration of 6–12 months to prevent stent
thrombosisor re-infarction [4]. In thisanalysis,we
aimed to compare the efficacy and safety of dis-
continuing ASA after short-term use versus its
continuous use with a P2Y12 inhibitor for the
treatment of patients with T2DM following PCI.

METHODS

Search Databases

From May to June 2020, the databases of
Cochrane Library, EMBASE database, MEDLINE
database, http://ClinicalTrials.gov, Web of Sci-
ence, Scopus and Google Scholar were searched
for publications showing ASA discontinuation
after short-term use versus its continuous use
with a P2Y12 inhibitor for the treatment of
patients following PCI.

Search Strategies

This search was carried out using the following
terms or phrases:

• Short-term aspirin and percutaneous coro-
nary intervention;

• Discontinuation of aspirin and percutaneous
coronary intervention;

• Short-term aspirin, diabetes mellitus and
percutaneous coronary intervention;

• Discontinuation of aspirin, diabetes mellitus
and percutaneous coronary intervention;

• Short-term dual antiplatelet therapy and
percutaneous coronary intervention;

• Short-term dual antiplatelet therapy, dia-
betes mellitus and percutaneous coronary
intervention;
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Abbreviations such as PCI, ASA, DAPT and
T2DM were also used.

Inclusion and Exclusion Criteria

Trials were included if:

(1) They compared cardiovascular outcomes
in patients who discontinued ASA after
short-term use versus its continuous use
along with a P2Y12 inhibitor after PCI;

(2) They consisted of participants with T2DM.

Trials were excluded if:

(1) They did not involve participants with
T2DM;

(2) They did not report cardiovascular
outcomes;

(3) They were not based on discontinuing
ASA;

(4) They were duplicated studies;
(5) They were published in a different lan-

guage than English.

Outcomes and Definitions of Terms

The outcomes that were assessed in the original
trials are listed in Table 1. Based on this list of
outcomes, the endpoints selected for this anal-
ysis included:

• Major adverse cardiovascular and cere-
brovascular events (MACCE) (consisting of
death, myocardial infarction and stroke);

• Myocardial infarction (MI);
• All-cause mortality;
• Cardiac death;
• Stroke;
• Stent thrombosis;
• Bleeding defined by the Academic Research

Consortium (BARC) type 2–5 [5];
• Thrombolysis in myocardial infarction

(TIMI) defined minor and major bleeding
[6].

Four trials reported a 12-month follow-up
time period, whereas one trial had a 24-month
follow-up time period.

The types of antiplatelet drugs that were used
included aspirin and either ticagrelor or

clopidogrel. Aspirin was discontinued after
3 months, and a P2Y12 inhibitor was continued
for up to 12 months in three studies, whereas
aspirin was discontinued after 1 month in two
other studies.

In the experimental (study) group, ASA was
discontinued and only a P2Y12 inhibitor was
continually used for at least 12 months, whereas
in the control group, ASA was continually used
with a P2Y12 inhibitor (DAPT) for the whole
12 months.

Data Extraction and Quality Assessment

Data were independently extracted by the
authors. The authors carefully assessed all the
selected publications, and data related to the
total number of T2DM participants assigned to
the discontinuation of ASA and the continua-
tion of ASA with P2Y12 inhibitor groups,
respectively, were extracted. Duration of ASA or
DAPT use and the follow-up time periods were
all extracted. The respective outcomes and the
number of events associated with each outcome
were also extracted. In addition, the baseline
characteristics, which involved mainly comor-
bidities or risk factors such as hypertension,
dyslipidemia and being a current smoker within
the T2DM participants, as well as the method-
ologic features of the original studies, were also
noted down.

Hypertension was defined as a systolic blood
pressure C 140 mmHg and a diastolic blood
pressure C 90 mmHg on at least two separate
occasions.

Dyslipidemia was defined as an elevation of
lipid levels (triglyceride/cholesterol) in the
blood.

Current smokers were defined as participants
who were smoking during the time period when
the study was being conducted.

The methodologic quality of the trials were
assessed by the recommendations suggested by
the Cochrane collaborations [7] (score grade A
to C).

If any of the authors experienced any diffi-
culty during the data extraction process or dis-
agreed with the inclusion of certain data,
disagreement was resolved by consensus.
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Table 1 Outcomes that were reported in the original studies

Trials Outcomes reported Follow-
up time
period

Type of antiplatelet agents
and dosage

Definitions of trials

Hahn2019 [9] MACCE, all-cause death,

MI, stroke, cardiac death,

stent thrombosis, Bleeding

BARC type 2–5, major

bleeding

12 months (ASA ? P2Y12 Inhibitor

for 3 months and then

only P2Y12 inhibitor for

12 months) versus

(ASA ? P2Y12 inhibitor

for 12 months)

ASA: 100 mg od

Clopidogrel: 75 mg od

Ticagrelor: 90 mg bd

SMART-CHOICE Trial: a

prospective, open-label,

multi-center and

randomized study designed

to test the non-inferiority

of P2Y12 inhibitor

monotherapy compared

with ASA plus a P2Y12

inhibitor after mandatory

3-month DAPT in

patients undergoing PCI

with current-generation

DES

Kim2020 [10] MACCE, all-cause death,

cardiac death, acute MI,

stent thrombosis, stroke,

TVR, TIMI major and

minor bleeding

12 months (ASA ? ticagrelor for

3 months and then only

ticagrelor for 12 months)

versus (ASA ? ticagrelor

for 12 months)

ASA: 100 mg od

Ticagrelor: 90 mg bd

TICO Trial: designed to

determine whether

switching to ticagrelor

monotherapy after

3 months of DAPT

reduces net adverse clinical

events compared with

ticagrelor-based 12-month

DAPT in patients with

ACS treated with drug-

eluting stents

Mehran2019

[11]

Bleeding BARC type 2–5,

TIMI major and minor

bleeding, GUSTO

moderate to severe

bleeding, MACCE, death

from any cause, cardiac

death, MI, stroke, stent

thrombosis

12 months (ASA ? ticagrelor for

3 months and then only

ticagrelor for 12 months)

versus (ASA ? ticagrelor

for 12 months)

ASA: 81–100 mg od

Ticagrelor: 90 mg bd

TWILIGHT Study: a

randomized, double-blind

placebo-controlled trial

evaluating the comparative

efficacy and safety of

antiplatelet monotherapy

versus DAPT in up to

9000 high-risk patients

undergoing PCI with DES
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Statistical Analysis

The most recent version of RevMan (5.4) was
used for the systematic analysis. Risk ratios (RR)
with 95% confidence intervals (CI) were used to
represent the results following data assessment.
Two simple methods were used to assess
heterogeneity: (1) the Q statistic test whereby a
P value B 0.05 was considered statistically sig-
nificant and (2) the I2 statistic test whereby

heterogeneity was considered to increase with
an increasing I2 value. For subgroup analyses
with low heterogeneity, a fixed statistical model
was used; otherwise, a random statistical model
was used.

Sensitivity analysis was also carried out. In
addition, publication bias was visually observed
through assessment of the funnel plot.

Table 1 continued

Trials Outcomes reported Follow-
up time
period

Type of antiplatelet agents
and dosage

Definitions of trials

Vranckx2018

[12]

All-cause death, MACCE,

MI, stroke, TVR, stent

thrombosis, BARC 3–5

24 months (ASA ? ticagrelor for

1 month and then only

ticagrelor for 23 months)

versus (ASA ? ticagrelor

or clopidogrel for

12 months)

ASA: 75–100 mg od

Clopidogrel: 75 mg od

Ticagrelor: 90 mg bd

GLOBAL LEADERS:

designed to compare

the benefits and risks of

2 years of treatment with

90 mg ticagrelor twice daily

(in combination with

aspirin for the first month)

with conventional 1-year

dual antiplatelet therapy

followed by aspirin alone in

patients undergoing PCI

with uniform use of an

intravenous direct

thrombin inhibitor and

biodegradable polymer

biolimus-eluting stents

Watanabe2019

[13]

MACCE, all-cause mortality,

cardiac death, MI, stroke,

stent thrombosis, TIMI

major and minor bleeding,

BARC 3–5, GUSTO

moderate to severe

bleeding

12 months (ASA ? clopidogrel for

1 month and then only

clopidogrel for 12 months)

versus (ASA ? clopidogrel

for 12 months)

ASA: 81–200 mg

Clopidogrel: 75 mg

STOPDAPT-2 Trial: To

test the hypothesis of

noninferiority of 1 month

of DAPT compared with

standard 12 months of

DAPT for a composite

endpoint of cardiovascular

and bleeding events

ASA aspirin, MACCE major adverse cardiovascular and cerebrovascular events, MI myocardial infarction, BARC bleeding
defined by the Academic Research Consortium, TVR target vessel revascularization, TIMI thrombolysis in myocardial
infarction, GUSTO Global Use of Strategies to Open Occluded Arteries, PCI percutaneous coronary intervention, DES
drug-eluting stents, ACS acute coronary syndrome, DAPT dual antiplatelet therapy, od once daily, bd twice daily
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Compliance with Ethics Guidelines

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

RESULTS

Searched Outcomes

The Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guideline
was followed [8]. Three hundred five

publications were obtained. Based on a careful
assessment of the titles and abstracts, 269 irrel-
evant publications were eliminated. Thirty-six
full-text articles were assessed for eligibility.
Among the full-text articles, 3 non-randomized
trials, 2 case studies, 1 meta-analysis, 1 post hoc
analysis and 24 repeated studies were elimi-
nated. Finally, only five trials [9–13] were
included in this analysis, as shown in Fig. 1.

Main Characteristics of the Studies

A total of 9774 participants with T2DM were
included in this analysis, whereby 4941 patients
were assigned to the ASA discontinuation group

Fig. 1 Flow diagram showing the study selection
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and 4833 were assigned to the DAPT group, as
shown in Table 2. All the studies were ran-
domized trials in which participants were
enrolled between the years 2013–2018.

Baseline Features

Table 3 lists the baseline features. Mean age of
the participants varied from 61.0 to 69.1 years.
The majority of the participants were males
(72.7–80.0%). Patients suffering from hyper-
tension (50.0–74.0%), dyslipidemia
(45.1–74.8%) and current smokers (20.4–38.0%)
are also listed in Table 3.

Results of this Analysis

Our result showed that compared to a longer
duration of DAPT (ASA ? P2Y12 inhibitor) use
in these patients with T2DM, discontinuing
ASA after short-term use thereafter using only a
P2Y12 inhibitor (mono-therapy) was not asso-
ciated with a significant increase in the risk of
MACCE (RR 0.92, 95% CI 0.76–1.12; P = 0.39),
MI (RR 0.98, 95% CI 0.75–1.26; P = 0.86), all-
cause mortality (RR 0.78, 95% CI 0.60–1.02;
P = 0.07), cardiac death (RR 0.76, 95% CI
0.43–1.35; P = 0.35), stroke (RR 1.06, 95% CI

0.67–1.67; P = 0.80) and stent thrombosis (RR
0.98, 95% CI 0.58–1.65; P = 0.93) as shown in
Fig. 2.

Table 2 Main features of the trials

Trials No. of T2DM participants
who discontinued ASA (n)

No. of T2DM participants who
continued ASA with P2Y12
inhibitor (n)

Type
of
study

Participants’
enrollment period
(years)

Bias
risk
grade

Hahn

2019

570 552 Trial 2014–2017 A

Kim 2020 418 417 Trial 2015–2018 A

Mehran

2019

1319 1301 Trial 2015–2017 A

Vranckx

2018

2049 1989 Trial 2013–2015 A

Watanabe

2019

585 574 Trial A

Total (n) 4941 4833

T2DM type 2 diabetes mellitus, ASA aspirin

Table 3 Baseline features of the participants included in
the original trials

Trials Age
(years)

Males
(%)

HBP
(%)

DYS
(%)

CS (%)

Mono/
DAPT

Mono/
DAPT

Mono/
DAPT

Mono/
DAPT

Mono/
DAPT

Hahn

2019

64.6/

64.4

72.7/

74.2

61.6/

61.3

45.1/

45.5

28.4/

24.5

Kim 2020 61.0/

61.0

79.0/

80.0

50.0/

51.0

61.0/

60.0

36.0/

38.0

Mehran

2019

65.2/

65.1

76.2/

76.1

72.6/

72.2

60.7/

60.2

20.4/

23.1

Vranckx

2018

64.5/

64.6

76.6/

76.9

74.0/

73.3

69.3/

70.0

25.9/

26.3

Watanabe

2019

68.1/

69.1

78.9/

76.5

73.7/

74.0

74.4/

74.8

26.6/

20.6

Mono P2Y12 inhibitor monotherapy after discontinuation
of aspirin (experimental group), DAPT dual antiplatelet
therapy (control group), HBP high blood pressure, DYS
dyslipidemia, CS current smoker
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Fig. 2 Forest plot demonstrating the efficacy outcomes
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In fact, discontinuing ASA after short-term
use in these patients with T2DM was associated
with a lower risk of BARC defined bleeding type
2–5 (RR 0.55, 95% CI 0.41–0.73; P = 0.0001),
TIMI defined major bleeding (RR 0.55, 95% CI
0.41–0.75; P = 0.0001) and TIMI defined minor
bleeding (RR 0.58, 95% CI 0.43–0.78;
P = 0.0004) as shown in Fig. 3.

The results are summarized in Table 4.
Consistent results were obtained throughout

during the sensitivity analysis. There was no
evidence of publication bias across the original
studies that were involved in assessing the
clinical endpoints of this analysis. This was
proven through the visual assessment of the
funnel plot (Fig. 4) that was generated.

DISCUSSION

Several studies have shown most patients with
T2DM have platelet dysfunction or platelet
hyperactivity [14–16] and might require a more
potent antiplatelet regimen [17]. The aim of this
analysis was to compare the efficacy and safety
outcomes associated with the early discontinu-
ation of ASA after short-term use versus its
continuous use with a P2Y12 inhibitor in
patients with T2DM following PCI.

Our results showed that the early discontin-
uation of ASA following PCI was not associated
with a significant increase in major adverse
cardiovascular and cerebrovascular events,
myocardial infarction, stroke, stent thrombosis

Fig. 3 Forest plot demonstrating the safety outcomes
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and all-cause mortality. On the contrary, the
early discontinuation of ASA was associated
with a significantly lower bleeding risk.

Similarly, a recent systematic review and
meta-analysis including 32,145 general partici-
pants with coronary artery disease showed that
discontinuing ASA with continued P2Y12 inhi-
bitor monotherapy use was associated with a
lower bleeding risk when the former drug was
stopped 1–3 months after PCI. The authors also

did not observe any significant increase in
major adverse cardiac events even in those
patients with ACS [18].

Moreover, a post hoc analysis of the ran-
domized GLOBAL LEADERS trial, which is a
randomized, open-labeled superiority trial
comparing two antiplatelet treatment strategies
after PCI and that included 130 secondary/ter-
tiary care hospitals in different countries, the
authors showed that continuing the use of ASA
could be associated with higher bleeding risk
and did not appear to be beneficial when used
with a P2Y12 inhibitor during long-term use
after PCI [19].

Limitations

This study also has limitations. First, few
research articles were based on this particular
topic; therefore, the total number of original
studies and total number of participants with
T2DM were limited. Second, P2Y12 inhibitors
included either clopidogrel or ticagrelor. Using
two different drugs, even if they belong to the
same family, might slightly affect the results.
Moreover, three studies reported discontinua-
tion of ASA after 3 months of use following PCI,
whereas two other studies reported the discon-
tinuation of ASA only 1 month after PCI. This
might affect the results of this analysis. Also,
even though in all the studies P2Y12 inhibitor
monotherapy was used for a total of 1 year, one
study reported the use of ticagrelor monother-
apy for 23 months after discontinuation of ASA.
Another limitation was the fact that several
endpoints including target vessel revasculariza-
tion, target lesion revascularization and other
bleeding outcomes could not be assessed since
they were reported in only one study, so a
comparison was not possible. In addition, the
dosage of antiplatelet agents varied with stud-
ies, and this could be another limitation of this
analysis. Finally, our analysis was based on the

Table 4 Results of the main analysis

Outcomes assessed RR with 95%
CI

P value I2

(%)

MACCE 0.92

[0.76–1.12]

0.39 0

MI 0.98

[0.75–1.26]

0.86 0

All-cause mortality 0.78

[0.60–1.02]

0.07 0

Cardiac death 0.76

[0.43–1.35]

0.35 0

Stroke 1.06

[0.67–1.67]

0.80 0

Stent thrombosis 0.98

[0.58–1.65]

0.93 0

Bleeding BARC type

3–5

0.55

[0.41–0.73]

0.0001 0

TIMI defined major

bleeding

0.55

[0.41–0.75]

0.0001 0

TIMI defined minor

bleeding

0.58

[0.43–0.78]

0.0004 0

MACCE major adverse cardiovascular and cerebrovascular
events, MI myocardial infarction, BARC bleeding defined
by the Academic Research Consortium, TVR target vessel
revascularization, TIMI thrombolysis in myocardial
infarction, RR risk ratios, CI confidence intervals
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general population with T2DM. However, the
impact or influence of antiplatelet therapy on
the duration or degree of illness was not known.

CONCLUSIONS

Discontinuing ASA after short-term use for the
treatment of patients with T2DM following PCI
was not associated with increased cardiovascu-
lar outcomes. In fact, the risks of minor and
major bleeding were significantly decreased
with discontinuation of ASA in contrast to its
continuous use with a P2Y12 inhibitor for the
treatment of patients with T2DM following PCI.
Hence, discontinuing ASA was somewhat safer
in these patients with T2DM. Further research
should follow.
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