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The purpose of this study was to investigate factors influencing bleeding in patients with acute coronary syn-
drome (ACS) who are on aspirin and ticagrelor as dual antiplatelet therapy.

This retrospective case-control study included 50 patients with ACS (25 with reported bleeding events and 25
without) on aspirin and ticagrelor. Adenosine diphosphate (ADP)- and arachidonic acid (ACA)-induced plate-
let aggregation rates were measured using light transmission aggregometry. Single-nucleotide polymorphisms
(SNPs) in PEAR1, GP1BA, and GSTP1 were genotyped.

ACA-induced platelet aggregation rates were obviously lower in patients with bleeding events than in those
without (13.28+8.46% vs. 24.93+9.89%, P<0.001). No significant differences in ADP-induced platelet aggrega-
tion rates were observed between the 2 groups (16.1749.74% vs. 16.88+12.69%, P>0.05). Among those with
bleeding events and among controls, 70% and 80% had an ACA-induced platelet aggregation rate of 0-18%
and 18-50%, respectively. Mutation rates of rs6065 in GP1BA and rs1695, rs4891, and rs8191439 in GSTP1
also differed significantly between the 2 groups.

Lower ACA-induced platelet aggregation rates are associated with increased risk of bleeding in patients with
ACS who are on aspirin and ticagrelor. An ACA-induced platelet aggregation rate of 18% may be considered
the cutoff point for identifying high risk of aspirin-associated bleeding events in patients with ACS. SNP geno-
typing may also help predict the risk of bleeding in patients with ACS.
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Background

Patients with acute coronary syndrome (ACS) often need per-
cutaneous coronary intervention, such as stenting [1]. However,
the procedure may cause injury to the arterial endothelium
and platelet activation. Platelet activation and aggregation
increase the risk of coronary thrombosis and recurrent ACS.
Therefore, antiplatelet therapy is necessary in ACS patients
after interventional treatment to reduce the risk of ischemic
events without increasing the risk of bleeding. Recent guide-
lines from the European Society of Cardiology and the European
Association for Cardio-Thoracic Surgery recommend aspirin
and ticagrelor as post-procedural dual antiplatelet therapy in
patients with ACS [2,3].

Ticagrelor is an oral, direct, reversibly binding, P2Y12 receptor
antagonist [4]. The P2Y12 receptor is the predominant receptor
involved in the adenosine diphosphate (ADP)-stimulated ac-
tivation of the glycoprotein Ilb/llla receptor. Activation of the
glycoprotein lIb/Illa receptor results in enhanced platelet de-
granulation and thromboxane production, and prolonged plate-
let aggregation. Aspirin (acetylsalicylic acid) irreversibly inhibits
prostaglandin H synthase (cyclooxygenase-1) in platelets, and
thereby blocks the formation of thromboxane A,, which has
a potent pro-aggregant effect on platelets. However, associated
bleeding events can lead to patient distress and premature
discontinuation of the recommended therapy.

Platelet function can be evaluated by measuring platelet ag-
gregation, and platelet aggregation rates reflect bleeding risk
in patients with ACS who are on ticagrelor. Platelet endothe-
lial aggregation receptor-1 (PEAR1) is crucial in platelet aggre-
gation and function. Further, single-nucleotide polymorphisms
(SNPs) in PEAR1 are associated with varied responses to as-
pirin [5]. In addition, SNPs in genes for glycoprotein Ib plate-
let subunit alpha (GP1BA) [6] and glutathione S-transferase
pi 1 (GSTP1) [7] have been previously shown to be correlated
with aspirin-associated bleeding. However, there is still a lack
of clinical data on the association between bleeding risks and
SNPs in these genes in ACS patients on aspirin and ticagrelor.

The purpose of our study was to investigate the potential as-
sociation between bleeding and platelet aggregation and SNPs
in PEAR1, GP1BA, and GSTP1 in patients with ACS on aspirin
and ticagrelor.

Material and Methods

Patient selection

Our study was approved by the Ethics Committee of our hospi-
tal. This retrospective case-control study included 50 age- and
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platelet count-matched patients with ACS. The inclusion cri-
teria were: diagnosed with ACS and went through percuta-
neous coronary intervention; age >18 years; and used aspi-
rin and ticagrelor as post-procedural dual antiplatelet therapy.
Post-procedural dual antiplatelet therapy comprised 100 mg
aspirin once daily and 90 mg ticagrelor twice daily. Patients
were subdivided into the case group (25 patients with report-
ed bleeding events) and the control group (25 patients with-
out reported bleeding events). Bleeding was defined as skin
petechiae, nosebleed, hematuria, black or tarry stools, muco-
sal hematomas, and gum bleeding. Patients with active in-
fections, renal or liver dysfunction, uncontrolled hyperten-
sion, history of allergy to the investigated drugs, and history
of bleeding were excluded.

Platelet aggregation assay

Platelet aggregation rates were measured using light transmis-
sion aggregometry [8]. Platelet aggregation was induced with
either 10 pmol/L ADP or 0.7 mmol/L arachidonic acid (ACA).
Blood was tested within 2 h of collection.

Genotyping assay

Venous blood from each patient was collected, and 2 ml of the
sample was used for genotyping. Genomic DNA was isolated for
genotyping of SNPs in PEAR1, GP1BA, and GSTP1 (rs3737224,
rs12137505, rs11264581, rs57731889, rs77235035, rs1952294,
rs735953, rs12407843, rs6067, rs2243093, rs570515282,
rs748102207, rs6065, rs4147581, rs1695, rs4891, rs762803,
rs1871042, rs117928, and rs8191439).

Statistical analysis

Continuous data are expressed as means and standard devia-
tions. Platelet aggregation rates were expressed as percentages.
Comparisons were made using the t test or chi-square test.
All statistical analyses were performed using SPSS 19.0 (SPSS,
Chicago, IL). P<0.05 was considered statistically significant.

Results

There were no obvious differences between the demographic
data of the patients in the case and control groups (Table 1).
ACA-induced platelet aggregation rates were obviously low-
er in the case group than in the control group (13.28+8.46%
vs. 24.93+9.89%, respectively; P<0.001) (Table 2). However,
there were no significant differences in the ADP-induced plate-
let aggregation rates between the 2 groups (16.17+9.74%
vs.16.88+12.69%, respectively; P>0.05). In the case group, 70%
of patients had an ACA-induced platelet aggregation rate of
0-18% (Table 3). In the control group, 80% of patients had an
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Table 1. Patients’ demographic data.

Bleeding patients (n=25)

CLINICAL RESEARCH

Non-bleeding patients (n=25)

Age (year)

64.00+10.76

59.59+12.98

Activated partial thromboplastin time (s)

35.12+11.38

29.33+7.46

Table 2. Comparison of the platelet aggregation rates of the patients with bleeding events and those without bleeding events.

Bleeding patients (n=25)

Non-bleeding patients (n=25)

ACA-induced platelet aggregation (%) 13.28+8.46
ADP-induced platelet aggregation (%) 16.17+£9.74
ACA+ADP-induced platelet aggregation (%) 30.70+17.79

24.9349.89 <0.001
16.88+12.69 0.829
47.28+14.84 0.003

ACA - arachidonic acid; ADP — adenosine diphosphate.

Table 3. Distribution of arachidonic acid-induced platelet
aggregation rates in patients with reported bleeding
events.

ACA-induced platelet Patients %
aggregation (%) (n=25)
0-5 5 25%
”””””””” o0 9 3%
”””””””” 15 15 6%
”””””””” 18 18 0%
”””””””” 025 23 0%
”””””””” o3 2 100%

ACA - arachidonic acid.

ACA-induced platelet aggregation rate of 18-50% (Table 4).
A comparison of SNPs in PEAR1, GP1BA, and GSTP1 is shown
in Table 5. Mutation rates in the GP1BA SNP rs6065 (CT) and
GSTP1 SNPs rs1695 (AG), rs4891 (TC), and rs8191439 (GA) dif-
fered significantly between the 2 groups.

Table 4. Distribution of arachidonic acid-induced platelet
aggregation rates in patients without reported bleeding
events.

ACA-induced platelet Patients %
aggregation (%) (n=25)

50-30 7 30
"""""""" sos 11 a5
”””””””” so020 15 60
”””””””” so.8 20 80
”””””””” sos 25 100

ACA - arachidonic acid.

Discussion

Our study demonstrated that the ACA-induced platelet ag-
gregation rate was significantly lower in patients with report-
ed bleeding events than in those without. However, no sig-
nificant differences were found in the ADP-induced platelet
aggregation rates between the 2 groups. The mutation rates
of the GP1BA SNP rs6065 (CT) and GSTP1 SNPs rs1695 (AG),
rs4891 (TC), and rs8191439 (GA) also differed significantly be-
tween the 2 groups.
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Table 5. Comparison of single-nucleotide polymorphisms between patients with and without reported bleeding events.

Bleeding patients (n=25)

PEAR1 SNPs
”””” 37372249 5238
"""" 512137505 (AG) %)) 7143
”””” 11264581 (GM) %) 5238
"""" 7731889 (CD () 4162
"""" 577235035 (CA) %) 6667
”””” 51952294 (0 %) 10000
"""" 73595310 %) 6667
”””” 512407843 (GM) %) 5714
GpwmAsNPs
"""" 6067 (AG) %) 4162
"""" 224300300 %) 4162
"""" 5570515282 (AC) %) 476
”””” 5748102207 (C) %) 000
"""" 6065 (€N %) 000
Gsterswes
"""" s4147581(C0) %) 9524
"""" 51695 (AG) %) s7.14
"""" 489100 %) 57114
"""" 762803 (CN) %) 5238
”””” 1871042 (CN %)) 5238
"""" 11792800 %) 952
"""" 8191439 GAV%) 1905

Non-bleeding patients (n=25)

47.22 0.707
"""""""""""""""""""" 7500 o768
"""""""""""""""""""" 6944 o018
"""""""""""""""""""" 6944 0103
"""""""""""""""""""" sss6 0409
"""""""""""""""""""" 000 1
"""""""""""""""""""" 5833 053
"""""""""""""""""""" so00 0602
"""""""""""""""""""" 444 0816
"""""""""""""""""""" w2 o7
- o0 0187
"""""""""""""""""""""" ss6 022
"""""""""""""""""""" 667 o048
"""""""""""""""""""" 90722 0695
"""""""""""""""""""" 056 o048
"""""""""""""""""""" 056 o048
"""""""""""""""""""" s 0103
"""""""""""""""""""" 055 0103
- 000 0059
000 0007

Ticagrelor is a potent platelet inhibitor that binds reversibly
to P2Y12, an ADP receptor. ADP-induced platelet aggrega-
tion is a good indicator of ticagrelor pharmacodynamics [9],
which may explain the lack of a significant difference in the
ADP-induced platelet aggregation rate observed between the
2 groups. However, the variation in the pharmacodynamics of
aspirin is greater than the variation in that of ticagrelor, which
is correlated with aspirin metabolism-associated SNPs such as
PEAR1 and GP1BA SNPs [10]. ACA-induced platelet aggregation
is typically an indicator of aspirin pharmacodynamics [11,12].
The significant difference in the ACA-induced platelet aggre-
gation rate between the patients with and without bleeding
events suggests that aspirin is the determinant cause of bleed-
ing when used in combination with ticagrelor.

We also found that 70% of the patients with reported bleeding
had an ACA-induced platelet aggregation rate of 0-18% and
that 80% of the non-bleeding patients had an ACA-induced

platelet aggregation rate of 18-50%, which is similar to pre-
vious findings [13]. We speculate that an ACA-induced plate-
let aggregation rate of 18% is a satisfactory cutoff for identi-
fying patients with ACS with a high risk of aspirin-associated
bleeding. This finding may provide a useful biomarker for as-
sessing the risk of aspirin-associated bleeding in ACS patients.

We found that the GP1BA SNP rs6065 (CT) and GSTP1 SNPs
rs1695 (AG), rs4891 (TC), and rs8191439 (GA) were associat-
ed with bleeding events in the patients with ACS. Both GP1BA
and GSTP1 are associated with aspirin-associated bleeding. As
per the 2016 American College of Cardiology/American Heart
Association (ACC/AHA) guidelines, the recommended aspirin
dose for dual antiplatelet therapy is 81 mg (75-100 mg) [13].
However, in China, a 100-mg dose of aspirin is more com-
monly used. Because East Asians have lower height and weight
than whites, this high dose of aspirin may lead to an increased
risk of bleeding in Chinese patients. The PCI-CURE study and
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the CURRENT-OASIS study have suggested that variations in
the dosage of aspirin do not significantly affect cardiovascu-
lar events; however, a lower aspirin dose is associated with
a lower risk of bleeding [14]. Considering these results as well
as the results of our study, we suggest that it could be ben-
eficial in Chinese or East Asian patients to lower the dose of
aspirin to 75 mg. Further investigation is also needed to gain
more evidence concerning this suggestion. Using a genotyp-
ing assay to evaluate GP1BA and GSTP1 SNPs may also help
predict aspirin-associated bleeding risk.

Our study had some limitations. First, platelet function and the
SNPs were tested after bleeding events occurred, which may
not support causative relationships. Second, our sample size
was small, and the study was conducted at a single hospital,
which may limit the generalization of our findings.
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Conclusions

Low ACA-induced platelet aggregation rates were associated
with an increased risk of bleeding in patients with ACS on as-
pirin and ticagrelor dual antiplatelet therapy. An ACA-induced
platelet aggregation rate of 18% might be considered a cutoff
for identifying high risk of aspirin-associated bleeding in pa-
tients with ACS. Genotyping the GP1BA SNP rs6065 (CT) and
GSTP1 SNPs rs1695 (AG), rs4891 (TC), and rs8191439 (GA)
may also help predict the risk of bleeding in these patients.
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