
Dai, Wenbo, Mu, Guanyu, Ren, Jiayi, Hu, Sutao, Guo, Rongxin, Gu, Tian-Shu, 
Che, Jingjin, Ma, Xianghong, Liu, Tong, Wu, Xue and others (2025) Indobufen 
versus aspirin after percutaneous coronary intervention in elderly patients with 
acute coronary syndrome.  BMC Cardiovascular Disorders, 25 . 

Kent Academic Repository

Downloaded from
https://kar.kent.ac.uk/110712/ The University of Kent's Academic Repository KAR 

The version of record is available from
https://doi.org/10.1186/s12872-025-04843-0

This document version
Publisher pdf

DOI for this version

Licence for this version
CC BY-NC-ND (Attribution-NonCommercial-NoDerivatives)

Additional information

Versions of research works

Versions of Record
If this version is the version of record, it is the same as the published version available on the publisher's web site. 
Cite as the published version. 

Author Accepted Manuscripts
If this document is identified as the Author Accepted Manuscript it is the version after peer review but before type 
setting, copy editing or publisher branding. Cite as Surname, Initial. (Year) 'Title of article'. To be published in Title 
of Journal , Volume and issue numbers [peer-reviewed accepted version]. Available at: DOI or URL (Accessed: date). 

Enquiries
If you have questions about this document contact ResearchSupport@kent.ac.uk. Please include the URL of the record 
in KAR. If you believe that your, or a third party's rights have been compromised through this document please see 
our Take Down policy (available from https://www.kent.ac.uk/guides/kar-the-kent-academic-repository#policies). 

https://kar.kent.ac.uk/110712/
https://doi.org/10.1186/s12872-025-04843-0
mailto:ResearchSupport@kent.ac.uk
https://www.kent.ac.uk/guides/kar-the-kent-academic-repository#policies
https://www.kent.ac.uk/guides/kar-the-kent-academic-repository#policies


R E S E A R C H Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​
v​e​c​​o​m​m​​o​n​s​.​​o​r​​g​/​l​​i​c​e​​n​s​e​s​​/​b​​y​-​n​c​-​n​d​/​4​.​0​/.

Dai et al. BMC Cardiovascular Disorders          (2025) 25:495 
https://doi.org/10.1186/s12872-025-04843-0

BMC Cardiovascular Disorders

†Wenbo Dai, Guanyu Mu and Jiayi Ren contributed equally to this 
work and share first authorship.

*Correspondence:
Jian-Mei Zhou
zhou1306928@163.com
Seung-Woon Rha
swrha617@yahoo.co.kr
Kangyin Chen
chenkangyin@vip.126.com

Full list of author information is available at the end of the article

Abstract
Background  Antiplatelet therapy is pivotal in managing elderly patients with Acute Coronary Syndrome (ACS) 
following Percutaneous Coronary Intervention (PCI). While aspirin remains a cornerstone of this therapy, its use is 
sometimes limited by the risk of gastrointestinal (GI) complications or allergic reactions in certain patients.

Purpose  This study aims to assess the safety and efficacy of Indobufen as an alternative to aspirin when used in 
combination with clopidogrel in elderly ACS patients post-PCI.

Methods  This is a single-center, retrospective study employing propensity score matching. Elderly ACS patients who 
underwent PCI between January 2019 and May 2022 were enrolled. Participant were categorized into two groups 
based on their medication regimen: the aspirin DAPT group and the indobufen DAPT group. The primary endpoint 
was the Net Adverse Clinical Event (NACE) at 1 year, which included all-cause mortality, stroke, myocardial infarction 
(MI), target lesion revascularisation, and bleeding events classified under the Bleeding Academic Research Consortium 
(BARC) criteria type 2, 3, or 5.

Results  A total of 2087 patients were enrolled in this study. Based on their medication regimen, 348 patients were 
assigned to indobufen DAPT group, while 1739 individuals were assigned to aspirin DAPT group. After applying 
1:1 propensity score matching, 306 patients were included in each group. During the 1-year follow-up, the NACE 
occurred in 59 patients (19.9%) of the Indobufen DAPT group and 58 patients (18.6%) in the aspirin DAPT group, with 
no significant difference between the groups (HR 1.029, 95% CI 0.714–1.484, P = 0.876). Additionally, there were no 
significant difference in Patient-Oriented Composite Endpoint (POCE) and BARC 2, 3, or 5 bleeding events between 
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Introduction
Antiplatelet therapy is a cornerstone in the management 
of Acute Coronary Syndrome (ACS) patients, especially 
following Percutaneous Coronary Intervention (PCI). It 
plays a critical role in preventing thrombotic complica-
tions by inhibiting platelet aggregation. Current guide-
lines recommend dual antiplatelet therapy (DAPT) with 
aspirin as a key treatment for ACS patients after PCI[1, 
2]. Aspirin, an irreversible inhibitor of platelet cyclooxy-
genase-1, has long been central to antiplatelet therapy. 
However, its side effects, particularly gastrointestinal (GI) 
issues and allergic reactions, present significant chal-
lenges. In a Japanese multicenter study involving 947 
patients, up to 30% reported aspirin intolerance, primar-
ily due to severe Gastrointestinal (GI) issues or aller-
gies[3]. Similarly, a single-center study in China found 
that among 11,470 patients who underwent coronary 
angiography, 1139 (9.9%) were treated with cilostazol 
instead of aspirin due to intolerance though this propor-
tion was likely underestimated[4]. The search for more 

effective and safer alternatives has led to the develop-
ment of other antiplatelet drugs, including indobufen. 
This novel agent reversibly inhibits platelet aggregation 
by interfering with the formation of thromboxane A2, 
the release of various platelet factors, and the metabolism 
of arachidonic acid and adenosine-diphosphate (ADP), 
thereby preventing thrombosis[5, 6, 7].

There have been studies showed that in patients with 
chronic coronary syndrome (CCS), indobufen, as an 
alternative to aspirin, can reduce the risk of bleeding 
without increasing ischemic events[8, 9], which is espe-
cially important for patients with aspirin intolerance. 
However, a subgroup analysis from these studies sug-
gested a potential increase in MACCE rates associated 
with indobufen in the ACS population, indicating the 
need for further investigation.

Elderly patients with coronary artery disease, who 
often have multiple comorbidities, face an increased risk 
of bleeding complications with antiplatelet therapies[10]. 
Managing these patients is particularly challenging, and 

the groups at 1, 3, or 6 months of follow-up. However, the indobufen DAPT group experienced a lower incidence of 
upper GI symptoms compared to the aspirin DAPT group.

Conclusion  Indobufen, as an alternative to aspirin, demonstrates comparable efficacy and safety in elderly ACS 
patients after PCI, with a potential reduction in gastrointestinal symptoms. These findings support the use of 
indobufen as a viable alternative for elderly ACS patients who are intolerant to aspirin.

Clinical trial number  Not applicable.

Plain Language Summary
What is the context?

• Antiplatelet therapy plays a crucial role in managing elderly patients with Acute Coronary Syndrome (ACS) 
following Percutaneous Coronary Intervention (PCI).

• However, these patients face heightened risks of both ischemic and bleeding events, making the selection of 
optimal antiplatelet therapy particularly challenging in clinical practice.

• Existing research has predominantly focused on the choice of P2Y12 inhibitors, often overlooking alternative 
options to aspirin, especially in elderly patients where aspirin intolerance is a frequent concern.

What is new?

• This study is the first to evaluate the use of indobufen in patients with ACS, specifically exploring its efficacy 
and safety in elderly patients.

• Over a 1-year observational period, the study found no significant differences between the indobufen and 
aspirin groups in terms of the cumulative incidence of Net Adverse Clinical Events (NACE), Patient-Oriented 
Composite Endpoint (POCE), and BARC 2, 3, or 5 bleeding events. This suggests that indobufen may be as effective 
and safe as aspirin for elderly ACS patients post-PCI.

• Of note, this study included gastrointestinal reactions as a safety outcome, revealing that the indobufen group 
experienced significantly fewer gastrointestinal events compared to the aspirin group.

What is the impact?

• We propose indobufen as a viable alternative for individuals intolerant to aspirin.
• The findings of this study have the potential to influence clinical practice by guiding the selection of 

antiplatelet therapy in elderly ACS patients undergoing PCI, particularly for those at risk of aspirin-related 
gastrointestinal issues.

Keywords  Indobufen, Aspirin, Percutaneous coronary intervention, Acute coronary syndrome, Elderly patients
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the existing research has primarily focused on the selec-
tion of P2Y12 inhibitors[11, 12], with less attention given 
to indobufen.

This study aims to evaluate the safety and efficacy of 
indobufen in combination with clopidogrel compared to 
asprin in elderly ACS patients post-PCI, with the goal of 
identifying a suitable alternative for those who are intol-
erant to aspirin.

Methods
Study design and participants
This was a single-center, retrospective study conducted 
in accordance with the Declaration of Helsinki. The study 
protocol received approval from the Clinical Research 
Ethics Committee of the Second Hospital of Tianjin 
Medical University (approved number: KY2023K078). 
Informed consent was waived due to the study’s retro-
spective design.

This study enrolled patients with ACS treated at the 
Second Hospital of Tianjin Medical University between 
January 10, 2019, and May 31, 2022. The ACS cohort 
comprised individuals diagnosed with Unstable Angina 
(UA), ST-segment Elevation Myocardial Infarction 
(STEMI), and Non-ST-segment Elevation Myocardial 
Infarction (NSTEMI), based on the latest guidelines from 
the European Society of Cardiology (ESC) and the Fourth 
Universal Definition of Myocardial Infarction[13, 14].

Participants met the following criteria: (1) aged 65 or 
above, (2) presenting symptoms or signs indicative of 
myocardial ischemia, with or without electrocardiogram 
(ECG) changes, or elevated cardiac troponin (cTn) levels, 
and (3) having successfully undergone PCI with contem-
porary Drug-Eluting Stent (DES) or drug-eluting balloon 
angioplasty.

Exclusion criteria were as follows: (1) use of antiplatelet 
drugs other than aspirin, indobufen and clopidogrel; (2) 
treated with single or triple antiplatelet therapy; (3) non-
standardized dual antiplatelet therapy dosage; (4) with-
drawal or change of treatment regimen during follow-up; 
(5) failure to complete the 1-year follow-up.

Data collection
Data collection included patient demographics, medi-
cation, medical history, and laboratory results (such as 
cardiac enzymes and blood lipids), and clinical obser-
vations during hospitalization. Interventional charac-
teristics, including the number and location of vascular 
lesions, stent implantation details, and SYNTAX score 
were also analyzed. The patients were divided into two 
groups based on their medication regimen: the aspi-
rin DAPT group and the indobufen DAPT group. The 
indobufen DAPT group received indobufen 100  mg 
twice daily plus clopidogrel 75  mg daily for 12 months, 
while the aspirin DAPT group was treated with aspirin 

100  mg daily plus clopidogrel 75  mg daily for the same 
duration. The follow-up time points at 1, 3, and 6 months 
were primarily used to retrieve records from the hospital 
database, while telephone follow-up was performed at 12 
months post-PCI as a supplementary measure. Data from 
patients who were re-admitted to the hospital were also 
included in the follow-up records. Clinical data collected 
during follow-up included the clinical status of patients, 
medication adherence, thrombotic events, and adverse 
reactions. Patients who did not take their medications as 
prescribed after discharge were excluded from the study.

Endpoints
The primary endpoint event was net adverse clinical 
event (NACE), a composite of all-cause death, stroke, 
myocardial infarction (MI), revascularization, Bleeding 
Academic Research Consortium (BARC) criteria type 
2, 3, or 5 bleeding at 1-year. The efficacy endpoint was 
defined as Patient-oriented composite endpoint (POCE), 
which included all-cause mortality, any stroke, any MI 
or target lesion revascularisation (TVR), according to 
the Academic Research Consortium-2 (ARC-2) consen-
sus[15]. Additional efficacy endpoints included the indi-
vidual components of POCE. The safety endpoint was 
defined as BARC criteria type 2, 3 or 5 bleeding. The 
additional safety endpoints focusing on BARC type 2 and 
BARC type 3 or 5. Upper GI adverse reactions, including 
gastric burning, nausea and vomiting, dyspepsia and pep-
tic ulcer, were also analyzed as endpoint events.

Statistical analysis
Data were processed using R version 4.0.4 software. Cat-
egorical variables were presented as percentage, with 
group comparisons using the chi-square test. Continuous 
variable data were expressed as mean ± standard devia-
tion, and comparisons between the two groups were con-
ducted using the independent sample t-test. To address 
missing data (16,147 out of 280,207 data points, 5.448%), 
multiple imputation was employed. The imputation pro-
cess created five complete datasets, based on observed 
data and probabilistic methods, with results pooled to 
estimate study parameters. To minimize bias inherent in 
observational studies, propensity score matching (PSM) 
was utilized at a 1:1 ratio between the two groups, using 
the nearest neighbor approach based on Mahalanobis 
distance with a caliper of 0.02. Propensity scores were 
calculated from a logistic regression model incorporat-
ing 23 clinically relevant covariates affecting patient’s 
prognosis, including sex, age, ACS types (UA, NSTEMI, 
STEMI), hypertension, diabetes, Chronic Kidney Dis-
ease (CKD), atrial fibrillation, previous PCI, previous 
MI, previous ischemic stroke, prior cerebral hemorrhage, 
previous gastrointestinal bleeding, Academic Research 
Consortium - High Bleeding Risk (ARC-HBR), anemia 
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(Hb < 90  g/L), dyslipidemia, smoking history, drinking 
history, proton pump inhibitor (PPI) use, left ventricu-
lar ejection fraction (LVEF), SYNTAX score, and left 
anterior descending artery lesion treatment. Following 
PSM, curves to survival curves for NACE, POCE, and 
BARC 2, 3, or 5 bleeding events at the 12-month inter-
vals were illustrated using Kaplan-Meier curve and com-
pared using the Log-rank test. The p-values reported for 
comparisons of Kaplan-Meier curves are obtained from 
the log-rank test, and the hazard ratios and their corre-
sponding confidence intervals are derived from the Cox 
regression analysis. Sensitivity analyses included 1-, 3-, 
6-month outcomes for complete follow-up cohort and 
ischemic event assessments and baseline comparison for 
the incomplete follow-up cohort. To ensure the robust-
ness, a multivariate Cox proportional hazards regression 
analysis was conducted on the 1-year follow-up data, 
adjusting for potential confounding covariates. All tests 
were two-tailed, with a significance level of p < 0.05.

Results
Patient disposition
This study examined 4365 elderly ACS patients who 
underwent PCI between January 10, 2019 and May 31, 
2023, at the Second Hospital of Tianjin Medical Univer-
sity. Of these, 2087 patients were ultimately included in 
the cohort after applying exclusion criteria (e.g., non-
standard treatment, treatment changes, and incomplete 
follow-up). The patients were divided into two groups: 
348 patients in the indobufen DAPT group and 1739 
patients in the aspirin DAPT group. After performing 
1:1 propensity score matching, 306 patients remained in 
each group (Fig. 1).

Baseline characteristics before/after propensity score 
matching
The baseline characteristics of patients in the two groups, 
before and after matching, are summarized in Table  1. 
Before matching, the Indobufen DAPT group exhibited a 
higher average age, greater prevalence of CKD and pre-
vious gastrointestinal bleeding, higher SYNTAX scores, 
and a higher incidence of STEMI, along with increased 
use of PPIs. Meanwhile, the Indobufen DAPT group had 
a lower left ventricular ejection fraction (LVEF), and 
lower rates of ACEI/ARB use and anterior descending 
artery lesions (all p < 0.05).

After matching, baseline characteristics of the two 
groups were comparable (Figure S1). The median dura-
tion of follow-up was 771 days. The average patient age 
was 75.7 years, with 299 (48.9%) patients being male. 
Among them, 237 (38.7%) were diagnosed with unstable 
angina, 268 (43.8%) with NSTEMI, and 107 (17.5%) with 
STEMI. Left main coronary artery disease was observed 
in 50 cases (8.17%), left anterior descending artery 

disease in 574 cases (93.8%), and multivessel disease in 
568 cases (92.8%). On average, each patient had 2.82 tar-
get lesions, and 1.36 stents were implanted per patient 
(Table 1).

Primary endpoints
The primary endpoint of net adverse cardiovascular 
events (NACE) occurred in 58 (19.9%) patients in the 
Indobufen DAPT group and 57 (17.6%) patients in the 
Aspirin DAPT group at 1 year. The Log-rank test showed 
no significant difference in NACE risk (HR 1.029, 95% CI 
0.714–1.484, p = 0.876) (Table 2; Fig. 2).

Efficacy endpoints
The occurrence of POCE was observed in 45 patients 
(14.7%) in the Indobufen DAPT group and 47 patients 
(15.4%) in the Aspirin DAPT group. The HR indicated 
no significant difference in risk between the groups (HR 
0.959, 95% CI 0.637–1.443, p = 0.841) (Table  2; Fig.  2). 
Rates of individual components and cardiac death were 
also comparable between the two groups (all p-values > 
0.05).

Bleeding events
Both groups reported an identical rate of BARC 2, 3, or 
5 type bleeding events, with 19 cases (6.2%) each group, 
and the risk ratio reamained non-significant (HR 1.009 
95% CI 0.534–1.905, p = 0.979). BARC 2 type bleed-
ing was observed in 14 (4.6%) patients in the Indo-
bufen group and 12 (4.0%) patients in the Aspirin group 
(p = 0.679), and the incidence of BARC 3 or 5 type bleed-
ing was 2.3% and 1.6%, respectively (p = 0.575), indicat-
ing no significant difference between the groups (Table 2; 
Fig. 2).

Gastrointestinal events
Patients on aspirin DAPT demonstrated a higher prev-
alence of upper GI symptoms (14.4%) compared to 
those on indobufen (7.5%), with statistical significance 
(p = 0.010)(Fig. 3). However, there was no significant dif-
ference between the two groups for individual symptom, 
such as, gastric burning, nausea, vomiting, diarrhea, con-
stipation, dyspepsia, or peptic ulcer.

Sensitivity analysis
To rigorously assess the robustness of our findings, we 
performed three complementary analyses:

Multivariable cox regression for 1-year endpoints
Adjusted for a variety of covariates (see Supplementary 
Table S1), the Cox model confirmed consistent results 
between groups (aHR for NACE: 1.06, 95% CI 0.74–1.52, 
P = 0.75; aHR for POCE: 0.99, 95% CI 0.66–1.48, P = 0.95; 
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Fig. 1  Patient Disposition. ACS, acute coronary syndrome; DAPT, dual antiplatelet therapy; UA, Unstable Angina. NSTEMI, non-ST segment elevation 
myocardial infarction; STEMI, ST segment elevation myocardial infarction; CKD, chronic kidney disease; PCI, percutaneous coronary intervention; ARC-HBR, 
the Academic Research Consortium-High Bleeding Risk; PPI, proton pump inhibitor; LVEF, left ventricular ejection fraction
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Parameter Unmatched patients Propensity-Score Matched patients
Aspirin
(n = 1739)

Indobufen
(n = 348)

P Aspirin
(n = 306)

Indobufen
(n = 306)

P

Baseline characteristic
Age (years) 73 ± 6 76 ± 7 0.001 75.8 ± 6.54 75.7 ± 7.05 0.731
Male, n(%) 944 (54.3%) 170 (48.9%) 0.073 149 (48.7%) 150 (49.0%) 1.000
Previous MI, n(%) 231 (13.3%) 40 (11.5%) 0.413 35 (11.4%) 35 (11.4%) 1.000
Previous PCI, n(%) 421 (24.2%) 83 (23.9%) 0.941 80 (26.1%) 73 (23.9%) 0.575
Hypertension, n(%) 1353 (77.8%) 270 (77.6%) 0.985 239 (78.1%) 236 (77.1%) 0.846
Diabetes, n(%) 627 (36.1%) 125 (35.9%) 1.000 111 (36.3%) 107 (35.0%) 0.800
Atrial fibrillation, n(%) 95 (5.46%) 26 (7.47%) 0.181 23 (7.52%) 25 (8.17%) 0.880
Chronic kidney disease, n(%) 266 (15.3%) 111 (31.9%) 0.001 87 (28.4%) 85 (27.8%) 0.928
Previous ischemic
stroke, n(%)

307 (17.7%) 63 (18.1%) 0.902 58 (19.0%) 52 (17.0%) 0.599

Previous Gastrointestinal
bleeding, n(%)

9 (0.52%) 18 (5.17%) 0.001 4 (1.31%) 5 (1.63%) 1.000

Previous cerebral
hemorrhage, n(%)

14 (0.81%) 9 (2.59%) 0.008 7 (2.29%) 5 (1.63%) 0.771

Smoke history, n(%) 502 (28.9%) 97 (27.9%) 0.001 83 (27.1%) 87 (28.4%) 0.787
Drink history, n(%) 354 (20.4%) 73 (21.0%) 0.793 65 (21.2%) 59 (19.3%) 0.546
HBR, n(%) 801 (46.1%) 254 (73.0%) < 0.001 220 (71.9%) 212 (69.3%) 0.535
SYNTAX score 12.6 (6.84) 13.6 (7.66) 0.021 13.2 (7.17) 13.4 (7.70) 0.745
Clinical Indication of PCI
UA, n(%) 863 (49.6%) 121 (34.8%) 0.001 121 (39.5%) 116 (37.9%) 0.740
NSTEMI, n(%) 593 (34.1%) 160 (46.0%) 0.001 134 (43.8%) 134 (43.8%) 1.000
STEMI, n(%) 283 (16.3%) 67 (19.3%) 0.201 51 (16.7%) 56 (18.3%) 0.670
Medications
β-blockers, n(%) 934 (53.7%) 175 (50.3%) 0.268 159 (52.0%) 152 (49.7%) 0.628
ACEI or ARB, n(%) 461 (26.5%) 55 (15.8%) 0.001 57 (18.6%) 54 (17.6%) 0.834
PPI, n(%) 1298 (74.6%) 302 (86.8%) 0.001 257 (84.0%) 260 (85.0%) 0.823
Statins, n(%) 1636 (94.1%) 320 (92.0%) 0.171 281 (91.8%) 281 (91.8%) 1.000
Laboratory results
LVEF (%) 58.2 ± 9.67 56.1 ± 10.9 0.001 56.1 ± 11.1 56.7 ± 10.7 0.553
LDLc (mmol/L) 2.87 ± 0.95 2.86 ± 0.94 0.972 2.88 (0.94) 2.83 ± 0.88 0.533
CK-MB (ng/ml) 26.7 ± 45.7 33.0 ± 58.4 0.058 28.9 ± 52.4 31.4 ± 54.8 0.557
Interventional characteristics
Target lesion location
LM, n(%) 102 (5.87%) 30 (8.62%) 0.071 24 (7.84%) 26 (8.50%) 0.883
LAD, n(%) 1675 (96.3%) 322 (92.5%) 0.002 287 (93.8%) 287 (93.8%) 1.000
LCX, n(%) 1413 (81.3%) 288 (82.8%) 0.559 257 (84.0%) 251 (82.0%) 0.590
RCA, n(%) 1562 (89.8%) 317 (91.1%) 0.533 270 (88.2%) 280 (91.5%) 0.228
Ramus, n(%) 71 (4.08%) 13 (3.74%) 0.880 12 (3.92%) 11 (3.59%) 1.000
Multi-vessel disease,
n(%)

1622 (93.3%) 324 (93.1%) 0.909 282 (92.2%) 286 (93.5%) 0.531

No. of diseased vessels,
mean (SD)

2.79 ± (0.68) 2.84 ± 0.68 0.137 2.80 ± 0.72 2.83 ± 0.69 0.606

Implanted stents location
LM, n(%) 6 (0.35%) 4 (1.15%) 0.069 1 (0.33%) 3 (0.98%) 0.624
LAD, n(%) 709 (40.8%) 113 (32.5%) 0.005 109 (35.6%) 97 (31.7%) 0.347
LCX, n(%) 364 (20.9%) 67 (19.3%) 0.526 69 (22.5%) 60 (19.6%) 0.428
RCA, n(%) 568 (32.7%) 125 (35.9%) 0.265 109 (35.6%) 114 (37.3%) 0.737

Table 1  Clinical characteristics of patients



Page 7 of 12Dai et al. BMC Cardiovascular Disorders          (2025) 25:495 

aHR for BARC type 2, 3, or 5 bleeding: 1.06, 95% CI 
0.58–1.92, P = 0.86).

Short-term outcome reanalysis
Analyses at 1, 3, and 6 months revealed no significant 
divergence from the 1-year results. NACE, POCE, and 
BARC 2, 3, or 5 bleeding rates remained comparable 
between groups across all intervals (P ≥ 0.05; Supplemen-
tary Figures S2–S4).

Inclusion of incompletely followed patients
Patients with < 1-year follow-up were censored at their 
last recorded ischemic event or contact date. Baseline 
characteristics between these patients remained well-
balanced after PSM (all P > 0.05; see Supplementary Table 
S2), confirming maintained comparability between treat-
ment arms. Even after incorporating these cases (n = 902), 
the 1-year ischemic event rates (POCE and components) 
showed no significant intergroup differences ( POCE HR: 

1.02, 95% CI 0.71–1.45, P = 0.93; Supplementary Table 
S3), further supporting the primary conclusions.

All sensitivity analyses consistently aligned with the 
main findings, underscoring the reliability of the efficacy 
and safety of indobufen in elderly ACS patients.

Discussions
Indobufen is commonly used as a substitute for aspirin 
in clinical practice, particularly for patients who exhibit 
aspirin intolerance. However, the efficacy and safety 
between indobufen and aspirin in elderly patients with 
ACS after PCI had not been previously explored. Our 
research was the first to directly compare these two anti-
platelet therapies in this specific patient population. Over 
a 1-year observational period, we found no significant 
differences in the cumulative incidence of NACE, POCE, 
and BARC 2, 3, or 5 between the indobufen based and 
aspirin based DAPT groups. Importantly, indobufen was 
associated with a lower risk of gastrointestinal symptoms 
compared to aspirin.

Table 2  One-year clinical endpoints in the elderly ACS patients (Based on Log-Rank). Data are expressed as number of patients 
(percentage)

Aspirin
(n = 306)

Indobufen
(n = 306)

HR
(95%CI)

P
value

Primary endpoint
NACE (all-cause death, stroke, MI, TLR, BARC 2, 3 or
5 bleeding)

57(18.6%) 58(19.9%) 1.029 ( 0.714–1.484 ) 0.876

Ischemic events
POCE (all-cause death, stroke, MI or TLR) 47(15.4%) 45(14.7%) 0.959 ( 0.637–1.443 ) 0.841
All-cause Death 25(8.2%)23(7.5%) 25(8.2%)23(7.5%) 0.919 ( 0.522–1.618 ) 0.769
Cardiac Death 11(3.6%) 13(4.2%) 1.180 ( 0.530–2.626 ) 0.686
Nonfatal MI 6(2.0%) 8(2.6%) 1.343 ( 0.471–3.829 ) 0.584
Stroke 17(5.6%) 10(3.3%) 0.581 ( 0.273–1.236 ) 0.168
TLR 7(2.3%) 6(2.0%) 0.841 ( 0.284–2.494 ) 0.755
Bleeding events
BARC type 2, 3, or 5 bleeding 19(6.2%) 19(6.2%) 1.009 ( 0.534–1.905 ) 0.979
BARC type 2 bleeding 12(4.0%) 14(4.6%) 1.176 ( 0.545–2.537 ) 0.679
BARC type 3 or 5 bleeding 7(2.3%) 5(1.6%) 0.721 ( 0.233–2.235 ) 0.575
BARC, Bleeding Academic Research Consortium;

MI, myocardial infarction;

NACE, net adverse clinical event;

POCE, patient-oriented composite endpoint;

TLR, Target Lesion Revascularisation

Parameter Unmatched patients Propensity-Score Matched patients
Aspirin
(n = 1739)

Indobufen
(n = 348)

P Aspirin
(n = 306)

Indobufen
(n = 306)

P

Ramus, n(%) 16 (0.92%) 1 (0.29%) 0.336 2 (0.65%) 1 (0.33%) 1.000
No. of implanted stents,
mean (SD)

1.38 (0.80) 1.32 (0.89) 0.292 1.39 (0.83) 1.34 (0.89) 0.424

previous MI, previous myocardial infarction; PCI, percutaneous coronary intervention; HBR, high bleeding risk; NSTEMI, non-ST segment elevation myocardial 
infarction; STEMI, ST segment elevation myocardial infarction; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; PPI, proton pump 
inhibitor; LDLc, low-density lipoprotein cholesterol; CK-MB, creatine kinase-MB Isoenzyme; LM, left main coronary artery; LAD, left anterior desending artery; LCX, 
left circumflex artery; RCA, right coronary artery

Table 1  (continued) 
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Fig. 2  Cumulative Kaplan-Meier curve estimates of NACE (A), POCE (B), and BARC 2, 3, or 5 (C) at 1 year in elderly patients with ACS. NACE, net adverse 
clinical event; DAPT, dual antiplatelet therapy; PCI, percutaneous coronary intervention; POCE, patient-oriented composite endpoint; BARC, bleeding 
academic research consortium; HR, hazard ratio; CI, confidence interval
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Elderly ACS patients face heightened thrombotic and 
bleeding risks due to age-related physiological changes, 
including endothelial dysfunction, altered platelet reac-
tivity, and vascular fragility[10, 16, 17]. In this context of 
elderly patients undergoing PCI, determining the opti-
mal antiplatelet strategy remains a complex challenge. 
However, current evidence predominantly focuses on 
optimizing P2Y12 inhibitors[13, 18], leaving aspirin alter-
natives like indobufen understudied in this population.

Indobufen is a selective inhibitor of cyclooxygenase-1 
(COX-1), offering effective and reversible antiplate-
let activity. It has been shown that platelet function is 
largely restored within 24  h after discontinuation of 
indubufen[19]. The drug achieves a significant plate-
let inhibition rate of 98% within just 2  h of administra-
tion, maintains a high efficacy of 89% after 12  h, and 
still exhibits a moderated effect at 47% by the 24-hour 
mark[20]. The onset of platelet inhibition by indobufen is 
comparable to that of aspirin, with the added advantage 
of its inhibitory effects being both reversible and dose-
dependent [21].

The efficacy of indobufen as an alternative to aspi-
rin has been supported by findings from the OPTION 
study, which demonstrated that indobufen reduce bleed-
ing events (2.97% vs. 4.71%) without an increase in isch-
emic events (1.51% vs. 1.40%) in Chinese patients with 
negative cardiac troponin undergoing drug-eluting 
stents (DES) implantation[8]. Additionally, a real-world 

study found that indobufen-based DAPT had a similar 
risk of major adverse cardiovascular and cerebrovascu-
lar events (MACCE) compared to aspirin-based DAPT 
(6.5% vs. 6.5%), while significantly reducing the risk of 
bleeding (3.0% vs. 11.9%)9. Despite these promising find-
ings, the definitive efficacy and safety of indobufen in the 
elderly population with ACS remain to be firmly estab-
lished. Notably, the subgroup analysis of ASPIRATION 
registry revealed that indobufen use tended to increase 
MACCE risk in ACS patients, which is different from 
our study. The efficacy discrepancies between our study 
and the ASPIRATION registry likely stem from key 
methodological and population differences. Our study 
focused on elderly ACS patients (≥ 65 years, mean age 
76) on indobufen with clopidogrel, while ASPIRATION 
included a wider age range and varied P2Y12 inhibitor 
use. These differences in cohort selection, confounder 
adjustment, and treatment regimens highlight the need 
for further study to confirm the role of indobufen in ACS 
management.

Our study reinforces the applicability of indobufen as 
a viable alternative to aspirin in the elderly population 
with ACS. The findings demonstrating that indobufen’s 
efficacy and safety are comparable to those of aspirin. 
Additionally, given its potential to reduce gastrointesti-
nal symptoms, indobufen presents a valuable option for 
elderly individuals who are intolerant to aspirin.

Fig. 3  1-year Gastrointestinal Symptoms in elderly Patients with ACS
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Recent advances in interventional techniques, stent 
modifications, and pharmacological strategies have 
reduced ischemic events, making bleeding and GI 
adverse reactions key concerns[22]. For patients at high 
bleeding risk (HBR), current guidelines suggest that the 
duration of DAPT can be shortened to just 1 month after 
PCI, followed by monotherapy with either aspirin or 
clopidogrel[13]. However, the guidelines mainly derive 
from chronic coronary syndrome (CCS) studies[23, 24], 
nearly 40% stable angina, whereas our study specifically 
targets elderly ACS patients. Our study revealed com-
parable efficacy and safety profiles between indobufen 
DAPT and aspirin DAPT in elderly ACS patients under-
going PCI. This finding offers another management strat-
egy for HBR patients post - PCI. Moreover, nearly 20% of 
patients taking aspirin reported GI reactions, leading to 
low adherence[25, 26, 27]. Notably, our findings revealed 
a significant decrease in the incidence of GI reactions 
in the indobufen DAPT group, likely due to indobufen’s 
reversible inhibition of platelet COX-1, with little effect 
on prostacyclin (PGI2) production[28]. This has been 
supported by endoscopic studies[29].

This study has limitations inherent to its retrospec-
tive, single-center design. Despite using multiple impu-
tation and propensity matching, residual bias from 
unmeasured variables (e.g., BMI, stent types) remains. GI 
symptom data were categorically documented without 
details (frequency/duration/severity) and lacked stan-
dardized patient-reported tools, risking underreporting 
of mild events; however, this aligns with prior evidence 
supporting the favorable GI tolerability of indobufen[19, 
29]. Additionally, due to follow-up protocol constraints, 
bleeding events and GI reactions were not systemati-
cally recorded for patients with incomplete follow-up 
(< 1 year). However, analyses of available ischemic events 
in this subgroup aligned with the findings of primary 
cohort (Supplementary Table S3), reinforcing result con-
sistency. Mechanical circulatory support and cardiogenic 
shock data were unavailable, limiting high-risk subgroup 
assessments. While internal validation supports robust-
ness, generalizability is constrained by the homogeneous 
elderly ACS cohort and sample size. Larger multicenter 
trials with structured symptom monitoring are needed 
for confirmation.

In conclusion, Indobufen, as an alternative to aspirin, 
demonstrates comparable efficacy and safety in elderly 
patients with ACS after PCI and may reduce the risk 
of gastrointestinal symptoms. These findings support 
the use of Indobufen as a viable option for elderly ACS 
patients who are intolerant to aspirin.
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