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Background: Age is a strong predictor of adverse outcomes due both to a higher risk of bleeding and ischemia. The purpose of this
study was to evaluate the safety and efficacy of ticagrelor in elderly patients.
Methods: Patients ≥75 years of age admitted to our center from January, 2015 to December, 2019 who had undergone percutaneous
coronary intervention (PCI) and received dual antiplatelet therapy (DAPT) were included in our study. Eligible patients were divided
into clopidogrel and ticagrelor groups according to the P2Y12 receptor inhibitor and were followed up for 1 year. The primary safety
endpoint was types 2, 3, and 5 bleeding, as defined by Bleeding Academic Research Consortium (BARC), and the primary efficacy
endpoint was combined major adverse cardiovascular and cerebrovascular events (MACCEs). A Cox proportional hazard model and
propensity score matching were used to correct confounding factors.
Results: Of 1505 patients enrolled in this study, 442 were assigned to ticagrelor group and 1063 were assigned to clopidogrel group. The
incidence of BARC 2, 3, and 5 bleeding (HR, 2.304; 95% CI, 1.540–3.447), and any bleeding (HR, 2.476; 95% CI, 1.802–3.403) in
ticagrelor group was significantly higher than clopidogrel group. There were no significant difference between the two groups with respect to
BARC 3 and 5 bleeding (HR, 1.566; 95% CI, 0.767–3.198) and MACCEs (HR, 0.957; 95% CI, 0.702–1.305).
Conclusion: Compared with clopidogrel, DAPT with ticagrelor significantly increased the risk of BARC 2, 3, and 5 bleeding without
reducing MACCEs in elderly patients who underwent PCI.
Trial Registration: The study was retrospectively registered in clinicaltrials.gov (NCT 04999293).
Keywords: ticagrelor, elderly, percutaneous coronary intervention, dual antiplatelet therapy

Introduction
Platelet activation and aggregation, followed by thrombosis, have important roles in the occurrence of coronary ischemic
events. Compared with fibrinolytic therapy and medical treatment, percutaneous coronary intervention (PCI) has
significantly improved the prognosis of patients presenting with acute coronary syndrome (ACS); however, PCI may
result in iatrogenic plaque rupture and stent implantation, both of which are the potential basis of ischemic events.
Therefore, antiplatelet therapy is the cornerstone of drug treatment for patients undergoing PCI.

Since the results of the Percutaneous Coronary Intervention–Clopidogrel in Unstable angina to prevent Recurrent
Events (PCI-CURE) study were published, dual antiplatelet therapy (DAPT [aspirin combined with clopidogrel]) has
become the standard regimen for antithrombotic therapy within 1 year after PCI.1 Clopidogrel is a prodrug that requires
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hepatic conversion into an active metabolite to exert its antiplatelet response. After absorption from the intestine,
approximately 85% of the prodrug is inactivated by carboxylase, and only 15% is metabolized by hepatic cytochrome
(CYP) P450 enzyme in a 2-step process.2 A number of studies have suggested a significant interindividual variation in
the clopidogrel response mainly due to a CYP2C19 polymorphism.3,4 As a new type of platelet P2Y12 receptor inhibitor,
ticagrelor is an active drug does not require metabolism in the liver, and can trigger a more rapid, powerful, and stable
anti-platelet aggregation effect.5 The Platelet Inhibition and Patient Outcomes (PLATO) trial showed that ticagrelor
combined with aspirin significantly reduced the risk of ischemia compared to clopidogrel in ACS patients, albeit with
a greater risk of non-coronary artery bypass graft (CABG)-related major bleeding but without an increase in the
incidence of fatal bleeding.6 At present, all relevant guidelines recommend the use of ticagrelor for patients with high-
risk coronary heart disease.7,8

Elderly patients often have multiple chronic co-morbidities, changes in multiple organs, slow drug metabolism, and
other factors that significantly increase the risk of bleeding and ischemia. Accordingly, older age is included in a variety of
ischemic and bleeding risk scores. At the same time, a number of studies have shown that perioperative bleeding in patients
undergoing PCI and long-term use of antithrombotic drugs were associated with increased risks of death, recurrent
myocardial infarction (MI), stent thrombosis, and stroke, which makes antithrombotic treatment in the elderly challenging.9

The mean global age is increasing year-after-year. Patients ≥ 75 years of age account for greater than one-third of
hospitalizations and two-thirds of deaths due to ACS.10 Although elderly patients represent the fastest-growing patient
subgroup undergoing PCI, elderly patients tend to be underrepresented in randomized clinical trials.11 The purpose of this
study was to determine the safety and efficacy of ticagrelor in elderly patients with coronary heart disease undergoing
PCI in a real-world setting.

Methods
Study Population
Patients ≥ 75 years of age who were treated with PCI (limited to stent implantation) at our center from January 1, 2015 to
December 31, 2019 were screened for additional enrollment criteria. Patients were survivors and treated with DAPT
(aspirin [100 mg once daily], cilostazol, or indobufen combined with a P2Y12 receptor antagonist [clopidogrel (75 mg
once daily) or ticagrelor (90 mg twice daily)]) at the time of hospital discharge. The exclusion criteria were as follows:
(1) coronary artery bypass graft (CABG) or only drug conservative treatment during hospitalization; (2) concurrent use
of oral anticoagulants; (3) inability to tolerate long-term antiplatelet therapy, such as active bleeding and a bleeding
tendency; (4) acute infectious diseases; and (5) cognitive impairment, declined re-examination, and lost to follow-up. Our
center has a standardized follow-up system. All patients receiving PCI treatment received detailed secondary prevention
education at the time of hospital discharge and were required to keep regular follow-up appointments 1, 3, 6, 9, and 12
months after PCI in the coronary heart disease specialist clinic. The study was approved by institutional review boards of
the First Affiliated Hospital of Dalian Medical University (reference number: PJ-KS-KY-2021-146) in accordance with
the principles of the Declaration of Helsinki. The data are anonymous, and the requirement for informed consent was
therefore waived owing to the retrospective and observational nature of the study.

Group
The clinical data were retrospectively analyzed and divided into clopidogrel and ticagrelor groups according to the P2Y12

receptor inhibitor used in DAPTat the time of hospital discharge. To analyze the effect of ticagrelor on ischemic events and
bleeding, an intention-to-treat analysis was performed. Although some patients were permitted to switch from ticagrelor-to-
clopidogrel or ticagrelor-to-clopidogrel during follow-up, such patients remained in their original group.

Definition of Clinical Outcomes
All patients were followed for 1 year in the outpatient clinic after hospital discharge. Endpoint events were recorded and
collected through the medical data intelligent platform system of Yidu cloud for rehospitalization and outpatient medical
records. Telephone follow-up was available to confirm relevant information as needed.
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The primary safety endpoint of the study was types 2, 3, and 5 bleeding, as defined by the Bleeding Academic
Research Consortium (BARC).12 The primary efficacy endpoint was the combined major adverse cardiovascular and
cerebrovascular events (MACCEs), including all-cause mortality, myocardial infarction, ischemic stroke, and any
revascularization. Secondary end points were all-cause mortality, myocardial infarction, revascularization, ischemic
stroke (ie, the incidence of individual components of the MACCEs), the incidence of BARC 3 and 5 bleeding, major
and minor bleeding defined by the PLATO study,13 major and minor bleeding defined by the thrombolysis in myocardial
infarction (TIMI) study,14 and the occurrence of any bleeding.

The diagnostic criteria for coronary heart disease subtypes were based on the relevant guidelines.7,8,15 Multivessel
disease was defined as ≥ 2 coronary arteries with a lumen stenosis ≥ 70%.

Statistical Analysis
Continuous variables were compared using the independent sample t-test or Mann–Whitney rank-sum test and are
presented as the mean ± standard deviation or as the median and interquartile range. Categorical variables were analyzed
using Pearson’s chi-square test or Fisher’s exact test and are expressed as counts with percentages. Kaplan Meier survival
curves were constructed to describe the cumulative incidence of each end point and assessed by a Log rank test. Cox
proportional hazard regression model was used to construct univariate and multivariate survival analyses and identify
influencing factors of MACCEs and bleeding. Covariates with p values < 0.10 in univariate analysis or potentially
important clinically-relevant factors including age, gender, weight, hypertension, diabetes, old myocardial infarction-
(OMI), the estimated glomerular filtration rate (eGFR), PCI, CABG, ischemic stroke, atrial fibrillation (AF)/atrial flutter
(AFL), left ventricle ejection fraction (LVEF), malignant tumors, gastrointestinal diseases, prior bleeding, multivessel
disease, and hemoglobin concentration were considered to be candidate variables to be included in multivariate analysis.
Binary logistic regression was used to construct propensity scores with a caliper = 0.05. The two groups were matched
with a 1:1 propensity score by the nearest matching method using variables shown in Table 1. Statistical analysis was
performed using SPSS (version 25.0; IBM SPSS Inc., Chicago, IL, USA) and R (version 3.3.3; https://cran.r-project.org)
software. All analyses were 2-tailed and a P-value <0.05 was considered statistically significant.

Results
Study Population and Baseline Clinical Characteristics
Of 1505 patients enrolled in this study, 442 were assigned to the ticagrelor group and 1063 were assigned to the
clopidogrel group (Figure 1). The clinical baseline data of the enrolled patients are shown in Table 1. Of the patients, 722
(48.0%) were ≥ 80 years of age, 43.6% were women, and most patients (>99%) were diagnosed with ACS and 64.8%
present with myocardial infarction. As shown in Table 1, the clopidogrel group had a higher proportion of women, and
older age, a lower eGFR, lower hemoglobin concentration, non-high-density lipoprotein-cholesterol (HDL-C), and LVEF
evaluated by echocardiography and were more complicated by a history of hypertension, ischemic stroke, AF/AFL,
gastrointestinal diseases, and prior bleeding, while in the ticagrelor group, left main lesions were more common.

Clinical Outcomes and Multivariate Cox Proportional Hazard Analysis
As shown in Table 2, during the 12-month follow-up 208 patients (13.8%) developed MACCEs. There was no significant
difference in MACCEs (adjusted HR, 0.957; 95% CI, 0.702–1.305; p=0.782) and its independent endpoints (all-cause
death, myocardial infarction, revascularization, and ischemic stroke) between the two groups based on multivariate Cox
regression analysis.

Bleeding occurred in 159 cases (10.6%). The incidence of different types of bleeding is shown in Tables 2 and 3. The
incidence of BARC2, 3, and 5 bleeding (10.6% vs 4.9%; adjusted HR, 2.304; 95% CI, 1.540–3.447; p<0.001), PLATO
major and minor bleeding (10.2% vs 4.7%; adjusted HR, 2.296; 95% CI, 1.522–3.464; p<0.001), and any bleeding
(17.6% vs 7.6%; adjusted HR, 2.476; 95% CI, 1.802–3.403; p < 0.001) in the ticagrelor group were significantly higher
than the clopidogrel group. There was no significant difference between the two groups with respect to BARC 3 and 5
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Table 1 Baseline Clinical Characteristics of Study Population

Variables Crude Population Propensity-Matched Population

Clopidogrel
(n=1063)

Ticagrelor
(n=442)

P value Clopidogrel
(n=414)

Ticagrelor
(n=414)

P value

Age (years) 80.2 ± 3.8 79.2 ± 3.4 <0.001 79.5 ± 3.6 79.36 ± 3.4 0.560
Age≥80y, n(%) 555(52.2) 167(37.8) <0.001 180(43.5) 166(40.1) 0.324

Female, n(%) 486(45.7) 170(38.5) 0.010 162(39.1) 164(39.6) 0.940

Weight (Kg) 67.1 ± 10.6 67.3 ± 10.5 0.784 66.9 ± 10.5 67.4 ± 10.5 0.525
Current smokers, n(%) 151(14.2) 56(12.7) 0.431 53(12.8) 54(13.0) 1.000

Hypertension, n(%) 756(71.1) 286(64.7) 0.014 282(68.1) 276(66.7) 0.708

Diabetes mellitus, n(%) 388(36.5) 152(34.5) 0.447 149(36.0) 146(35.3) 0.886
eGFR (mL/min/1.73 m2) 75.9 ± 22.6 79.5 ± 22.2 0.005 78.3 ± 22.4 78.9 ± 22.2 0.707

eGFR<60mL/min/1.73 m2, n(%) 247(23.2) 80(18.1) 0.028 75(18.1) 77(18.6) 0.929

Past history

OMI, n(%) 171(16.1) 62(14.1) 0.323 63(15.2) 61(14.7) 0.924
PCI, n(%) 133(12.5) 48(10.9) 0.370 47(114) 44(10.6) 0.824

CABG, n(%) 2(0.2) 3(0.7) 0.154 0 2(0.5) -

PAD, n(%) 18(1.7) 8(1.8) 0.878 9(2.2) 7(1.7) 0.804
Ischemic stroke, n(%) 170(16.0) 50(11.3) 0.059 11(2.7) 13(3.1) 0.822

AF/AFL, n(%) 143(13.5) 42(9.5) 0.034 37(8.9) 42(10.1) 0.620

Malignant tumor, n(%) 88(8.3) 32(7.2) 0.498 34(8.2) 30(7.2) 0.704
Gastrointestinal diseases, n(%) 93(8.7) 25(5.7) 0.042 25(6.0) 25(6.0) 1.000

Prior bleeding, n(%) 45(4.2) 10(2.3) 0.063 7(1.7) 10(2.4) 0.607

Type of CAD

STEMI, n(%) 317(29.8) 126(28.5) 0.854 118(28.5) 120(29.0) 0.999
NSTE-ACS, n(%) 740(69.6) 313(70.8) 293(70.8) 291(70.3)

CCS, n(%) 6(0.6) 3(0.7) 3(0.7) 3(0.7)

LVEF (%) 52.5 ± 8.2 53.6 ± 7.6 0.013 53. 7± 7.3 53.5 ± 7.6 0.651

Hemoglobin (g/L) 128.7 ± 16.0 131.8 ± 15.6 <0.001 130.8 ± 15.4 131.1 ± 15.5 0.798
LDL-C (mmol/L) 2.63 ± 0.80 2.70 ± 0.82 0.098 2.68 ± 0.84 2.70 ± 0.81 0.754

Non HDL-C (mmol/L) 3.50 ± 1.00 3.63 ± 1.05 0.026 3.61 ± 1.09 3.61 ± 1.03 0.978

Angiographic characteristics

Single vessel disease, n(%) 465(43.7) 185(41.9) 0.500 175(42.3) 173(41.8) 0.946
Multivessel disease, n(%) 598(56.3) 257(58.1) 239(57.7) 241(58.2)

Left main, n(%) 77(7.2) 59(13.3) <0.001 47(11.4) 47(11.4) 1.000

Medication at discharge

β-blocker, n(%) 706(66.4) 302(68.3) 0.473 273(65.9) 280(67.6) 0.652

ACEI/ARB, n(%) 596(56.1) 243(55.0) 0.698 246(59.4) 229(55.3) 0.264

MRA, n(%) 237(22.3) 101(22.9) 0.814 92(22.2) 92(22.2) 1.000
Statin, n(%) 1042(98.0) 432(97.7) 0.721 407(98.3) 404(97.6) 0.607

PPI/H2RA, n(%) 685(64.4) 298(67.4) 0.269 283(68.4) 276(66.7) 0.652

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ACS, acute coronary syndrome; AF, atrial fibrillation; AFL, atrial flutter; ARB, angiotensin-receptor
blockade; CABG, coronary artery bypass graft; CAD, coronary artery disease; CCS, chronic coronary syndrome; eGFR, estimated glomerular filtration rate; H2RA,
histamine 2 receptor antagonist; LDL-C, low density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; non HDL-
C, non high density lipoprotein cholesterol; NSTE-ACS, non-ST-elevation acute coronary syndrome; OMI, old myocardial infarction; PAD, peripheral artery disease; PCI,
percutaneous coronary intervention; PPI, proton-pump inhibitor; STEMI, ST-segment elevation myocardial infarction.
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bleeding (2.9% vs 1.9%; adjusted HR, 1.566; 95% CI, 0.767–3.198; p=0.218) and TIMI major and minor bleeding (2.9%
vs 2.1%; adjusted HR, 1.511; 95% CI, 0.750–3.045; p=0.248).

Results from the Propensity Score Matched Approach
Eight hundred twenty-eight patients (414 pairs) were obtained after propensity score matching. A standard deviation
histogram (Supplementary Figure 1), univariate SD scatter plot (Supplementary Figure 2), and standardized difference
change line (Supplementary Figure 3) showed that the two groups were well-matched.

The cumulative incidence of BARC 2, 3, and 5 bleeding, BARC 3 and 5 bleeding, MACCEs, death, myocardial
infarction, ischemic stroke, and revascularization is depicted by Kaplan-Meier survival curves (Figures 2 and 3). The Log
rank test showed that there was a significance difference between the two groups for BARC 2, 3, and 5 bleeding
(Figure 2). There was no significant difference in the cumulative incidence of BARC 3 and 5 bleeding, MACCEs, and the
individual components of MACCES between the two groups (Figures 2 and 3). Analysis by propensity score matching
(414 pairs) did not significantly affect the results (Table 2). Compared with clopidogrel, DAPT based on ticagrelor
significantly increased the risk of BARC 2, 3, and 5 bleeding (HR, 2.325; 95% CI, 1.565–3.456; p=0.006) without
reducing MACCEs (HR, 0.922; 95% CI, 0.645–1.317; p=0.656).

Risk Factors for MACCEs and Bleeding Events
By constructing a Cox proportional regression model, variables with a P < 0.10 on univariate analysis (ticagrelor use,
mineralocorticoid receptor antagonist [MRA], ischemic stroke, gastrointestinal diseases, prior bleeding, and malignant
tumors) and important clinical factors (age, sex, weight, hemoglobin concentration, eGFR, and proton pump inhibitor
[PPI]/Histamine 2 receptor antagonist [H2RA]) were included in the multivariate regression analysis. Use of ticagrelor,

Figure 1 Flow chart of study.
Abbreviations: OAC, oral anticoagulation; PCI, percutaneous coronary intervention; SAPT, single antiplatelet therapy.
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Table 2 Clinical Outcomes and Hazard Ratio in Ticagrelor as Compared with Clopidogrel Group in Elderly Patients Undergoing Percutaneous Coronary Intervention

Variables Ticagrelor (n=442),
n (%)

Clopidogrel (n=1063),
n (%)

Unadjusted Cox
HR (95% CI)

P value Adjusted Cox
HR (95% CI)

P value Post PSM
HR (95% CI)

P value

MACCEs 58(13.1) 150(14.1) 0.928(0.685–1.256) 0.627 0.957(0.702–1.305) 0.782 0.922(0.645–1.317) 0.656
Death 16(3.6) 60(5.6) 0.635(0.366–1.102) 0.106 0.699(0.392–1.249) 0.227 0.722(0.379–1.374) 0.321

MI 16(3.6) 38(3.6) 1.016(0.566–1.822) 0.958 1.048(0.577–1.900) 0.879 0.944(0.477–1.868) 0.868

Revascularization 29(6.6) 55(5.2) 1.278(0.815–2.005) 0.284 1.191(0.755–1.880) 0.451 1.045(0.624–1.756) 0.869
Ischemic stroke 9(2.0) 33(3.1) 0.655(0.313–1.368) 0.260 0.749(0.355–1.581) 0.448 0.642(0.278–1.483) 0.299

BARC 2,3,5 bleeding 47(10.6) 52(4.9) 2.234(1.506–3.315) <0.001 2.304(1.540–3.447) <0.001 2.325(1.565–3.456) 0.006
BARC 3,5 bleeding 13(2.9) 20(1.9) 1.568(0.780–3.153) 0.207 1.566(0.767–3.198) 0.218 1.631(0.676–3.935) 0.276

PLATO major or minor bleeding 45(10.2) 50(4.7) 2.220(1.484–3.321) <0.001 2.296(1.522–3.464) <0.001 2.033(1.189–3.478) 0.010

TIMI major or minor bleeding 13(2.9) 22(2.1) 1.424(0.717–2.827) 0.320 1.511(0.750–3.045) 0.248 1.447(0.619–3.385) 0.394
Any bleeding 78(17.6) 81(7.6) 2.433(1.783–3.320) <0.001 2.476(1.802–3.403) <0.001 2.286(1.514–3.452) <0.001

Abbreviations: BARC, Bleeding Academic Research Consortium; CI, confidence interval; HR, hazard ratio; MACCEs, major adverse cardiovascular and cerebrovascular events including all-cause death, myocardial infarction, ischemic
stroke, and any revascularization; MI, myocardial infarction; PLATO, Platelet Inhibition and Patient Outcomes; PSM, propensity score matching; TIMI, thrombolysis in myocardial infarction.
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a history of bleeding, and malignant tumors were associated with an increased risk of types 2, 3, and 5 bleeding, as defined by
BARC (Supplemental Table 1). Similarly, variables with a P<0.10 based on univariate analysis (MRA, type of coronary heart
disease, AF/AFL, diabetes, OMI, ischemic stroke, peripheral artery disease [PAD], hemoglobin concentration, eGFR, single-
and/or multi-vessel disease, and LVEF) and clinically important factors (age and malignant tumors) were included in
multivariate regression analysis for MACCEs. After adjusting for confounding factors, OMI, ischemic stroke, PAD, eGFR,
and multivessel disease were independent risk factors for MACCEs (Supplemental Table 2).

Discussion
In the present study 1505 patients with coronary heart disease ≥ 75 years of age who had successfully undergone PCI and
received DAPT were divided into ticagrelor and clopidogrel groups according to the P2Y12 inhibitor used in the DAPT
regimen. MACCEs and the MACCEs individual endpoints were not significantly different between the two groups
during the 12-month follow-up period. The incidence of BARC 2, 3, and 5 bleeding, PLATO major and minor bleeding,
and any bleeding was significantly higher in the ticagrelor group than the clopidogrel group. There was no significant
difference in BARC 3 and 5 bleeding, and TIMI major and minor bleeding between the two groups.

Antiplatelet therapy has an essential role in drug treatment after PCI. Compared with clopidogrel, the guidelines
recommend the use of more effective P2Y12 inhibitors (ticagrelor or prasugrel) in high-risk coronary heart disease
patients who have undergone PCI treatment, especially ACS to prevent recurrent atherosclerotic thrombotic events.7,8

Compared with clopidogrel, the use of prasugrel and ticagrelor comes at the cost of increased bleeding, which may offset
the ischemic benefits in a more vulnerable patient population. Elderly patients are a representative population in whom
the risks of ischemia and bleeding complications after ACS are higher.

The PLATO study showed that despite the increase in non-CABG-related bleeding events in the ticagrelor group, the
incidence of fatal bleeding was not increased, and the net adverse clinical events (NACE) was still better than

Table 3 Bleeding Outcomes According to Different BARC Types and Sites in Elderly Patients Receiving Dual Antiplatelet
Therapy After Percutaneous Coronary Intervention

Bleeding Type/Sites Clopidogrel (n=1063) Ticagrelor (n=442) P value

BARC 1, n (%) 29(2.7) 31(7.0) <0.001

BARC 2, n (%) 32(3.0) 34(7.7) <0.001

BARC 3, n (%) 17(1.6) 11(2.5) 0.245
BARC 5, n (%) 3(0.3) 2(0.5) 0.975

Any bleeding, n (%) 81(7.6) 78(17.6) <0.001

Cerebral hemorrhage, n (%) 6(0.6) 1(0.2) 0.644
Gastrointestinal bleeding, n (%) 23(2.2) 13(2.9) 0.369

Abbreviation: BARC, Bleeding Academic Research Consortium.

Figure 2 Cumulative incidence of BARC 2, 3, and 5 bleeding (A), MACCEs (B), BARC 3 and 5 bleeding (C) during 12 months follow-up for ticagrelor vs clopidogrel based
dual antiplatelet therapy in propensity-matched patients depicted by Kaplan–Meier survival curves.
Abbreviations: MACCEs, major adverse cardiovascular and cerebrovascular events including all-cause death, myocardial infarction, ischemic stroke, and any revasculariza-
tion; BARC, Bleeding Academic Research Consortium.
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clopidogrel.6 The PLATO subgroup analysis of elderly patients showed that among ACS patients, the clinical benefit and
safety of the ticagrelor group did not depend on age compared with clopidogrel.16 However, the external authenticity of
randomized control trials (RCTs) is low. For a long time, elderly patients have been underrepresented in clinical studies.
Less than 10% of ACS trials recruited patients ≥ 75 years of age and the enrolled patients often had fewer co-morbidities
that did not fully reflect the real-world situation.11 The proportion of patients ≥ 75-years-old in the PLATO studies was
15%,6 which was much lower than the 28–38% in the NRMI,17 CRUSADE,18 and GRACE registration studies.19 The
efficacy and safety of elderly patients in real-world studies need further evaluation.

The POPular AGE study is the only RCT that compared the safety and clinical net benefits of antiplatelet drugs in
elderly ACS patients.20 Due to slow recruitment, the age criterion was adjusted from ≥ 75 years to ≥ 70 years of age 6
months after enrollment commenced. In the end, only 326 patients ≥ 75 years of age were treated with ticagrelor. Studies
have shown that compared with ticagrelor or prasugrel, clopidogrel significantly reduced the occurrence of PLATO-
defined major and minor bleeding (HR, 0.71; 95% CI, 0.54–0.94; P=0.02) with comparable efficacy in non-ST-elevation
acute coronary syndrome (NSTE-ACS) patients ≥ 70 years of age.

A registered study from Germany evaluated the efficacy of ticagrelor in 1087 ST-segment elevation myocardial
infarction (STEMI) patients ≥ 75 years of age.21 The study showed that compared with clopidogrel, ticagrelor reduced
the combined ischemic endpoint events by 31% (HR, 0.69; 95% CI, 0.49–0.97), and there was no difference in the
incidence of bleeding or death.21 In the current study, the incidence of out-of-hospital bleeding was extremely low (0.4% in

Figure 3 Cumulative incidence of death (A), myocardial infarction (B), ischemic stroke (C), and any revascularization (D) during 12 months follow-up for ticagrelor vs
clopidogrel based dual antiplatelet therapy in propensity-matched patients depicted by Kaplan–Meier survival curves.
Abbreviation: MI, myocardial infarction.
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the clopidogrel group and 1.8% in the ticagrelor group), which was much lower than approximately 4.8% in the real world
within 1 year. This finding may indicate that not all bleeding events have been recorded. A registered study by
SWEDEHEART from Sweden studied > 14,000 patients with myocardial infarction registered in the Swedish national
system from 2010–2017 and found that compared with clopidogrel, patients in the ticagrelor group had increased mortality
(HR, 1.17; 95% CI, 1.03–1.32) and re-admission due to bleeding (HR, 1.48; 95% CI, 1.25–1.76).22 A recent paper by
Bianco et al reported 1-year clinical outcomes of ticagrelor versus clopidogrel in patients ≥75 years from two real-world
registry showing benefit of ticagrelor in the incidence of all-cause death (HR, 0.32; 95% CI, 0.1–0.8; P = 0.012) without
a statistical significant increase in the major bleeding (HR, 1.49; 95% CI, 0.70–3.0; P = 0.257) compared to clopidogrel.23

However, only 175 patients in the ticagrelor group were older than 75 years old in the patients analyzed after propensity
score matching.

The inconsistency of the above results may be related to the different definitions of clinical endpoint events and
sample sizes. What may be more important is the heterogeneity of the risk of ischemia and bleeding among different
populations in the study. In addition, it must be acknowledged that biological and chronologic ages may differ. Although
multiple bleeding scoring systems include age as an independent factor, age itself is not considered to be a major
bleeding risk factor in definition of high-risk bleeding risk documented by the Academic Research Consortium when
other co-morbidities and co-existing risk factors are not present.24

The above four studies were all conducted in Europe, and the East Asian population differed with respect to some
baseline characteristics. The Asian population subgroup analysis of the PLATO study showed that the benefits and
bleeding risk were similar to the non-Asian population.25 Only 548 Asians were included in the ticagrelor group of the
PLATO study, and the interquartile range of age (52–70 years) suggested even fewer elderly patients.25 The East Asian
population had a lower mean weight and were more complicated by ischemic stroke, both of which may increase the risk
of bleeding. Based on the subgroup analysis, the conclusion needs to be further confirmed by a larger cohort study.

The present study also showed that although there was no significant increase in BARC 3 and 5 bleeding in the ticagrelor
group; BARC 1 and 2 bleeding (ie, minor and minimal bleeding) increased significantly, which is consistent with previous
studies. Even minor bleeding can lead to drug discontinuation in addition to other reasons, which can affect the long-term
prognosis. An analysis of data from 4 RCTs involving > 45,000 patients showed that post-discharge bleeding after ACS had
an equivalent prognostic impact as post-discharge myocardial infarction on long-term all-cause mortality.26

In addition, this study showed that malignant tumors were also an independent risk factor for bleeding, which is also
consistent with the Academic Research Consortium findings, which used active malignant tumors within 12 months as
the main criterion for high-risk bleeding.24 A study reported that one of 13 cases of post-discharge bleeding in ACS
patients was related to a newly diagnosed malignant tumor.27 Bleeding in related parts of the urogenital system,
gastrointestinal tract, and bronchopulmonary system was more likely to be diagnosed with a new tumor. Data from
baseline and follow-up of our study showed that approximately 10% of patients ≥ 75 years of age had malignant tumors.
Therefore, more attention should be paid to the choice of antithrombotic drugs for this population.

Previous studies have shown that clopidogrel resistance or high on-treatment platelet reactivity was more common in
elderly patients;28 however, our study did not show the ischemic benefits of ticagrelor (a more potent antiplatelet agent),
which was consistent with the SWEDEHEART study (a sample size of > 14,000 cases).22 Antithrombotic therapy after
ACS or PCI in recent years has focused on individualized treatment to achieve a balance between ischemia and bleeding.
Escalation or de-escalation antiplatelet therapy under the guidance of genetic or platelet function testing may play
a particularly role in the elderly, although the guidelines do not recommend routine use in clinical practice. This study
showed that the independent risk factors for long-term MACCEs in patients who have undergone successful PCI, which
were more common in the elderly, were as follows: OMI; ischemic stroke; PAD; multivessel disease; and eGFR.
Different vascular diseases have different antithrombotic strategies. The different benefits and risks of clopidogrel and
ticagrelor in atherosclerotic cardiovascular diseases, other than coronary artery disease, may partially explain the results
of this study.

There may be the possibility of switching between drugs during the long-term treatment follow-up. According to
previous studies and clinical experience, the incidence of ticagrelor de-escalation to the clopidogrel group may be more
common, which would make it possible to narrow the difference in efficacy endpoints between the two groups. This
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study used an intention-to-treat analysis, which has practical significance in clinical applications. There was a significant
difference in the incidence of bleeding between the two groups, which also reflected the low incidence of drug switching
between the two groups.

Limitations
There were several limitations to this study. First, it was a single center, retrospective study, which may underestimate the
incidence of minimal bleeding, but minimal bleeding was not the main safety endpoint of this study. Our center had
a standardized follow-up system after PCI, which can further reduce the bias of a retrospective study. In addition, due to
the small effective sample size of endpoint events, stratified analysis was not conducted according to the bleeding risk
score.

Conclusions
Compared with clopidogrel, DAPT based on ticagrelor significantly increased the risk of BARC2, 3, and 5 bleeding
without reducing MACCEs in elderly patients who received PCI. In clinical practice, accurate risk stratification of elderly
patients is required to weigh the risks of bleeding and ischemia. Before the availability of additional strong evidence in
support of the ischemic benefit of ticagrelor, clopidogrel remains a rational choice for some elderly patients.

Data Sharing Statement
The data used and/or analyzed during the current study are available from the corresponding author on reasonable
request.
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