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Aims In patients at high bleeding risk (HBR) undergoing percutaneous coronary intervention (PCI), abbreviated dual 
antiplatelet therapy (DAPT) has been shown to reduce bleeding without increasing ischaemic risk. However, the 
optimal duration in specific subgroups, particularly anaemic patients, remains unclear and was the focus of this 
analysis.

Methods 
and results

This study included 3364 HBR patients from three prospective trials in the XIENCE Short DAPT programme 
who underwent PCI with cobalt-chromium everolimus-eluting stents. Anaemia was defined as Hb < 11 g/dL. 
The primary endpoint was all-cause death or myocardial infarction; secondary endpoints included BARC 2–5 
and 3–5 bleeding. Outcomes by DAPT duration (1 vs. 3 months), defined according to study protocol, were as
sessed using propensity score stratification. Anaemia was present in 514 patients (15.3%). At 1 year, anaemic 
patients experienced higher rates of both ischaemic and bleeding events compared with non-anaemic patients. 
Among anaemic patients, ischaemic outcomes were similar with 1- and 3-month DAPT [15.7% vs. 16.3%; ad
justed hazard ratio (adjHR) 0.94, 95% confidence interval (CI) 0.59–1.52; P = 0.807], whereas 1-month DAPT 
was associated with a lower incidence of major bleeding (6.1% vs. 11.1%; adjHR 0.49, 95% CI 0.24–1.00; 
P = 0.050). In non-anaemic patients, ischaemic and bleeding outcomes were similar irrespective of DAPT 
duration.
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Conclusion Among HBR patients undergoing PCI, abbreviated DAPT was associated with comparable ischaemic outcomes 
regardless of anaemia status. In patients with baseline anaemia, 1-month DAPT was associated with lower ma
jor bleeding without an apparent ischaemic trade-off.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Lay summary This study evaluated whether shortening DAPT to 1 month, compared with 3 months, is safe and effective in 

HBR patients undergoing PCI, with a specific focus on those with baseline anaemia—a subgroup known to be 
particularly vulnerable to both ischaemic and bleeding complications.
Key findings 

• Baseline anaemia identified a high-risk phenotype associated with increased rates of both ischaemic and 
bleeding events at 1 year.

• Shortening DAPT to 1 month did not increase the risk of ischaemic events compared with 3-month DAPT, 
regardless of anaemia status.

• In patients with baseline anaemia, 1-month DAPT reduced major bleeding compared with 3-month DAPT, 
without an apparent ischaemic trade-off.

Clinical implications
These findings support a more individualized approach to antiplatelet therapy after PCI. In patients with base
line anaemia, abbreviated DAPT may represent a reasonable strategy to mitigate bleeding risk without com
promising ischaemic protection, although results should be interpreted with caution and confirmed in 
randomized studies.
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Introduction
Dual antiplatelet therapy (DAPT) with aspirin and a P2Y12 inhibi
tor represents the cornerstone of antithrombotic management 
following percutaneous coronary intervention (PCI), significantly 
reducing thrombotic complications, including stent thrombosis 
and myocardial infarction (MI).1,2 However, DAPT is associated 
with an increased risk of bleeding, which adversely affects mor
bidity and mortality and is strongly influenced by treatment dur
ation and intensity. Optimizing the balance between ischaemic 
protection and bleeding risk, therefore, remains a major clinical 
challenge, particularly in patients at high bleeding risk (HBR).3,4

Anaemia is a common comorbidity among patients with cardio
vascular disease, with a reported prevalence ranging from 10 
to 20%.5,6 It has consistently been associated with frailty, a higher 
burden of comorbidities, and increased mortality, reflecting 
worse short- and long-term clinical outcomes.7–9 Accordingly, 
several risk stratification tools have been developed to guide 
DAPT duration, including the PRECISE-DAPT and PARIS scores, 
which incorporate anaemia as a major determinant of bleeding 
risk.10–12 However, despite its well-established prognostic 
relevance, the optimal antiplatelet strategy in these HBR 
patients remains insufficiently studied in randomized clinical 
trials, and current clinical practice guidelines do not provide 
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specific recommendations regarding DAPT duration in this 
population.4,13,14

The XIENCE Short DAPT clinical programme evaluated abbre
viated DAPT strategies in patients at HBR undergoing PCI with 
contemporary cobalt-chromium everolimus-eluting stents.13 In 
this programme, 1- or 3-month DAPT followed by aspirin mono
therapy was non-inferior to historical 6- or 12-month DAPT re
gimens for ischaemic outcomes and was associated with lower 
bleeding rates, with the 1-month strategy providing further 
bleeding reduction without increasing ischaemic risk at 1 year. 
With the present study, we aimed to assess the impact of 1- 
vs. 3-month DAPT on clinical outcomes in HBR patients under
going PCI stratified by baseline anaemia status.

Methods
Study design and data source
This analysis used pooled patient-level data from the XIENCE Short 
DAPT programme, which included three prospective, multicentre 
studies evaluating abbreviated DAPT strategies in patients at HBR 
undergoing PCI with implantation of a fluoropolymer-based cobalt- 
chromium everolimus-eluting stent (XIENCE, Abbott). Briefly, it 
consisted of XIENCE 90 (NCT03218787), conducted at 101 sites 
in the USA; XIENCE 28 USA (NCT03815175), conducted at 58 sites 
in the USA and Canada; and XIENCE 28 Global (NCT03355742), 
conducted at 52 sites in Europe and Asia between July 2017 and 
February 2020 (all participating sites are listed in Supplementary 
material online, Tables S1–S3). Detailed inclusion and exclusion cri
teria are provided in Supplementary material online, Table S4. The 
XIENCE 28 and XIENCE 90 studies followed largely similar protocols, 
with DAPT duration (1 vs. 3 months) defined by study design rather 
than patient-level randomization. Further details regarding the study 
design and primary results have been reported elsewhere.13,15 All 
participating sites obtained approval from local institutional review 
boards or ethics committees, and all patients provided written in
formed consent. Clinical outcomes were independently adjudicated 
by an external clinical events committee, and safety oversight was 
provided by an independent data monitoring committee.

Patient population and treatment strategy
Patients undergoing successful PCI with implantation of a cobalt- 
chromium everolimus-eluting stent were included if they were 
deemed at HBR according to the original XIENCE Short DAPT trial cri
teria. Specifically, patients were eligible if, in the opinion of the treat
ing physician, the risk for major bleeding associated with prolonged 
DAPT outweighed its anticipated ischaemic benefit and at least one 
HBR criterion was present, including age ≥ 75 years, indication for 
long-term oral anticoagulation therapy, history of major bleeding re
quiring medical attention within the previous 12 months, prior ischae
mic or haemorrhagic stroke, renal insufficiency (creatinine ≥2.0 mg/dL) 
or dialysis dependence, systemic conditions associated with in
creased bleeding risk (including thrombocytopaenia or coagulation 
disorders), and baseline anaemia. For the present analysis, patients 
were categorized according to baseline anaemia status, defined as 
haemoglobin < 11 g/dL, and according to DAPT duration (1-month 
vs. 3-month therapy). Following the index PCI, all patients received 
DAPT consisting of aspirin in combination with a P2Y12 inhibitor, 
with selection of the P2Y12 inhibitor left to the treating physician’s 
preference. Both vitamin K antagonists and direct oral anticoagulants 
were permitted in patients requiring long-term oral anticoagulation 
therapy according to the original study protocols. Eligibility for dis
continuation of the P2Y12 inhibitor was assessed at 1 month in 

XIENCE 28 studies and at 3 months in XIENCE 90, provided patients 
remained adherent to therapy and free from ischaemic events. 
Clinical follow-up was performed at prespecified intervals up to 12 
months after the index procedure through in-person visits or struc
tured telephone interviews conducted by trained study personnel.

Clinical endpoints
The primary endpoint was a composite of all-cause death or MI oc
curring between 1 and 12 months after index PCI. Myocardial 
infarction was defined according to the modified Academic 
Research Consortium criteria.16 Secondary bleeding endpoints in
cluded Bleeding Academic Research Consortium (BARC) type 2–5 
bleeding and BARC type 3–5 bleeding. Additional clinical outcomes 
included cardiovascular death, definite or probable stent throm
bosis, stroke, ischaemic stroke, target lesion failure, and target 
vessel revascularization. All endpoint definitions followed standar
dized Academic Research Consortium criteria, as reported in 
Supplementary material online, Tables S5 and S6, and were adjudi
cated by an independent external committee.

Statistical analysis
Continuous variables are presented as mean ± standard deviation or 
median with interquartile range, as appropriate, and were compared 
using Student’s t-test or the Mann–Whitney U test. Categorical vari
ables are reported as counts and percentages and were compared 
using the χ² test or Fisher’s exact test, as appropriate. Time-to-event 
outcomes were analysed using Kaplan–Meier methods, with 
between-group comparisons performed using the log-rank test. Cox 
proportional hazards models were used to estimate hazard ratios 
(HRs) and 95% confidence intervals (CIs). The association between 
baseline anaemia and clinical outcomes was assessed using unadjusted 
and multivariable-adjusted Cox regression models. To account for po
tential confounding, adjusted estimates were derived using propensity 
score stratification based on a logistic regression model including base
line demographic, clinical, and procedural characteristics. These in
cluded sex, baseline serum creatinine, oral anticoagulation therapy, 
prior stroke, history of major bleeding, baseline platelet count, baseline 
haemoglobin, body mass index, hypertension, hypercholesterolaemia, 
prior PCI, prior coronary artery bypass grafting, prior MI, multivessel 
disease, acute coronary syndrome presentation, lesion complexity 
(B2/C), total lesion length, pre-procedural reference vessel diameter 
and diameter stenosis, bifurcation lesions, number of lesions and ves
sels treated, number of stents, total stent length, P2Y12 inhibitor at 
discharge, and PARIS and PRECISE-DAPT bleeding risk scores. 
Analyses were performed separately in patients with and without 
baseline anaemia. Because treatment allocation was not randomized, 
comparisons between 1-month and 3-month DAPT were adjusted 
using propensity score stratification into quintiles based on the esti
mated probability of treatment assignment. Interaction testing was 
performed by including an interaction term between anaemia status 
and DAPT duration in the Cox models. Missing covariate data used 
for propensity score estimation were handled using multiple imput
ation with a Markov chain Monte Carlo method, with parameter esti
mates combined using Rubin’s rules. All statistical analyses were 
performed using SAS version 9.4 (SAS Institute) and R version 3.6.2 
(R Foundation for Statistical Computing). All tests were two-sided, 
and a P < 0.05 was considered statistically significant.

Results
Study population and baseline characteristics
A total of 3652 patients were enrolled in the XIENCE Short 
DAPT programme between 19 July 2017 and 7 February 
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2020. Of these, 3364 patients were free from ischaemic events 
and adherent to treatment at 1 month and were included in the 
present analysis.

Baseline anaemia was present in 514 patients (15.3%), where
as 2849 patients (84.7%) had no anaemia. Baseline clinical and 
procedural characteristics according to anaemia status are 
shown in Supplementary material online, Table S7. Compared 
with patients without anaemia, those with baseline anaemia 
had a higher prevalence of comorbidities, including chronic kid
ney disease, diabetes, and prior major bleeding, as well as higher 
PARIS and PRECISE-DAPT bleeding risk scores. Anaemic pa
tients also had lower body mass index and higher baseline serum 
creatinine levels.

Baseline characteristics according to anaemia status and 
DAPT duration are summarized in Table 1. Within the anaemia 
subgroup, clinical and procedural characteristics were generally 
balanced between patients receiving 1-month and 3-month 
DAPT, including a similar number of HBR criteria and compar
able baseline bleeding risk. Among non-anaemic patients, those 
treated with 1-month DAPT had a higher prevalence of chronic 
kidney disease and lower rates of hypertension, dyslipidaemia, 
and multivessel disease. Procedural characteristics were other
wise comparable across groups.

Clinical outcomes according to anaemia 
status
One-year clinical outcomes according to baseline anaemia sta
tus are reported in Supplementary material online, Table S8. 
Overall, patients with baseline anaemia experienced higher 
rates of both ischaemic and bleeding events compared with 
non-anaemic patients, including a higher incidence of the com
posite endpoint of all-cause death or MI and BARC-defined 
bleeding.

Clinical outcomes by DAPT duration 
according to anaemia status
One-year event rates and Kaplan–Meier curves for all-cause 
death or MI and BARC 3–5 bleeding according to anaemia status 
and DAPT duration are shown in Figures 1 and 2, respectively.

Among patients without baseline anaemia, the 1-year inci
dence of all-cause death or MI was similar between the 1-month 
and 3-month DAPT groups (see Supplementary material online, 
Table S9). This finding remained consistent after multivariable 
adjustment (adjusted HR 1.00, 95% CI 0.73–1.38; P = 0.988), 
with no significant differences in the individual components of 
the endpoint, as shown in Table 2 and Supplementary material 
online, Figure S1. Bleeding outcomes were also comparable, 
with no significant differences in BARC 2–5 or BARC 3–5 bleed
ing in either the unadjusted or adjusted analyses (see 
Supplementary material online, Table S9, Table 2, and 
Supplementary material online, Figure S1).

Among patients with baseline anaemia, the 1-year incidence 
of all-cause death or MI was likewise similar between the 
1-month and 3-month DAPT groups (see Supplementary 
material online, Table S9) and remained so after multivariable ad
justment (adjusted HR 0.94, 95% CI 0.59–1.52; P = 0.807), with 
no significant differences in the individual components of the 
endpoint (Table 2; Supplementary material online, Figure S1). 
In this subgroup, 1-month DAPT was associated with a lower 

incidence of BARC 3–5 bleeding than 3-month DAPT (see 
Supplementary material online, Table S9), a finding that per
sisted after multivariable adjustment (adjusted HR 0.49, 95% 
CI 0.24–1.00; P = 0.050), with a similar numerical reduction in 
BARC 2–5 bleeding (Table 2; Supplementary material online, 
Figure S1).

Rates of definite or probable stent thrombosis, stroke, ischae
mic stroke, target lesion revascularization, and target vessel re
vascularization were low and did not differ significantly between 
DAPT strategies in either anaemic or non-anaemic patients.

No significant treatment-by-anaemia interactions were ob
served for any endpoints.

Discussion
In this pooled analysis of HBR patients undergoing PCI with con
temporary DES in the XIENCE Short DAPT programme, the fol
lowing key findings emerged (Graphical Abstract): 

(1) Baseline anaemia identified a subgroup at higher risk of 
both ischaemic and bleeding events at 1 year, supporting 
its role as a marker of overall cardiovascular vulnerability.

(2) Despite this higher baseline risk, the rates of all-cause 
death or MI with 1-month vs. 3-month DAPT were similar 
in both anaemic and non-anaemic patients.

(3) Among patients with baseline anaemia, a 1-month DAPT 
strategy was associated with a lower incidence of major 
bleeding (BARC 3–5).

(4) No significant interaction was observed between anaemia 
status and DAPT duration for either ischaemic or bleeding 
outcomes.

In the present study, baseline anaemia was observed in ap
proximately 15% of patients undergoing PCI within the 
XIENCE Short DAPT programme, a prevalence broadly consist
ent with contemporary PCI registries.5,6,17 Anaemia was asso
ciated with a higher burden of comorbidities, including chronic 
kidney disease, diabetes, and prior bleeding, as well as higher 
baseline bleeding risk scores. Importantly, anaemic patients ex
perienced substantially higher rates of both ischaemic and 
bleeding events at 1 year compared with non-anaemic indivi
duals, identifying a particularly high-risk and clinically frail sub
group. These observations are likely multifactorial. Reduced 
haemoglobin levels can impair myocardial oxygen delivery and 
worsen ischaemic vulnerability, while also frequently clustering 
with inflammation, endothelial dysfunction, and renal impair
ment, all of which contribute to a more adverse cardiovascular 
profile.18 Anaemic patients may also exhibit increased platelet 
reactivity despite antiplatelet therapy, potentially predisposing 
to thrombotic complications.19 At the same time, reduced 
haematologic reserve and coexisting bleeding diatheses may 
heighten susceptibility to haemorrhagic events during antith
rombotic treatment, making anaemia a marker of both ischaemic 
and bleeding risk.20

Notably, in our analysis, a 1-month DAPT strategy was asso
ciated with lower major bleeding rates among patients with 
baseline anaemia without an apparent increase in ischaemic 
events. These results align with prior studies supporting abbre
viated antiplatelet strategies in HBR populations treated with 
contemporary DES and further support the feasibility of this 
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approach among patients with baseline anaemia.4,21–23 Similar 
results were observed in the TWILIGHT anaemia sub-analysis, 
despite important differences in study design and antiplatelet 
regimen, including ticagrelor monotherapy after aspirin discon
tinuation following an initial 3-month course of ticagrelor-based 
DAPT in TWILIGHT.17,24 This may reflect the fact that throm
botic risk after PCI is highest during the early post-procedural 
phase and progressively decreases thereafter, whereas bleeding 
risk continues to accumulate over time. Accordingly, reducing 
antithrombotic intensity beyond the early post-PCI phase 
may mitigate bleeding complications without a clear ischaemic 

trade-off in carefully selected anaemic patients, with our results 
further supporting the feasibility of an even shorter DAPT dur
ation, such as 1-month DAPT.

From a clinical standpoint, these observations highlight the 
importance of a more individualized approach to antiplatelet 
therapy after PCI in patients with baseline anaemia. Rather 
than representing only a bleeding risk marker, anaemia likely 
identifies a broader phenotype of cardiovascular frailty. 
Accordingly, treatment decisions should balance competing is
chaemic and haemorrhagic risks while also taking into account 
patient comorbidities, procedural complexity, and overall clinical 

Figure 1 One-year event rates according to dual antiplatelet therapy duration in patients with and without baseline anaemia. Bar graphs 
display the cumulative incidence of clinical endpoints at 1 year according to dual antiplatelet therapy duration (1-month vs. 3-month) 
stratified by baseline anaemia status. Panel (A) shows patients with baseline anaemia (red bars), while panel (B) shows patients without 
baseline anaemia (blue bars). Values above bars represent event rates (%). BARC, Bleeding Academic Research Consortium; CV, cardio
vascular; HR, hazard ratio; MI, myocardial infarction; PCI, percutaneous coronary intervention; TLF, target lesion failure; TLR, target le
sion revascularization.
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context. Careful clinical assessment and individualized risk 
stratification, therefore, remain essential when tailoring antipla
telet therapy in this population. Importantly, the identification of 
anaemia at baseline should also prompt a systematic evaluation 
of its underlying causes. Potentially reversible conditions— 
including iron deficiency, chronic inflammatory states, renal dys
function, or gastrointestinal disorders associated with impaired 
absorption or occult bleeding—should be actively investigated. 
In selected patients, targeted interventions such as iron replace
ment in iron deficiency anaemia or treatment of underlying 
gastrointestinal pathology may improve haematologic status 
and potentially overall clinical outcomes.25,26 Although our 
study was not designed to assess whether correction of anaemia 
modifies prognosis, this remains an important area for future in
vestigation. Prospective studies are also needed to define clinic
ally relevant haemoglobin thresholds for intervention and to 
identify patient subgroups most likely to derive benefit from ab
breviated antiplatelet strategies. Finally, future research should 
also clarify the most appropriate antiplatelet strategy after ab
breviated DAPT, including whether aspirin or P2Y12 inhibitor 
monotherapy should be preferred in vulnerable populations 
such as patients with anaemia.

Study limitations
When interpreting the results of the present analysis, several 
limitations should be acknowledged. First, this was a secondary, 
non-randomized analysis, and the comparison between 1- and 
3-month DAPT reflects differences in study protocols rather 
than patient-level randomization. Accordingly, despite rigorous 
propensity score adjustment, residual confounding from un
measured variables cannot be excluded. Second, patients were 
classified as HBR according to the original XIENCE Short 
DAPT trial eligibility criteria rather than the subsequently stan
dardized ARC-HBR consensus definition.27 Although several eli
gibility criteria overlap with the later ARC-HBR framework, 
differences in HBR definitions should be considered when com
paring the present findings with more contemporary HBR stud
ies. Third, pooling data from three XIENCE Short DAPT studies 
may have introduced heterogeneity in patient selection, treat
ment allocation, and follow-up timing. Fourth, this analysis 
used a 1-month landmark approach, including only patients 
who were event-free and adherent to DAPT at 1 month, thereby 
selecting a clinically stabilized population and potentially limiting 
generalizability to the early post-PCI phase. Fifth, anaemia was 

Figure 2 Cumulative incidence curves of all-cause mortality or myocardial infarction (A) and BARC 3–5 bleeding (B) at 1 year after the 
index percutaneous coronary intervention, stratified by anaemia status and dual antiplatelet therapy regimen (1-month vs. 3-month dual 
antiplatelet therapy).
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defined using a uniform haemoglobin threshold (<11 g/dL) irre
spective of sex, in accordance with the original study protocol. 
Although sex was included as a covariate in the adjusted ana
lyses, some degree of misclassification related to the use of a 
non–sex-specific definition cannot be excluded. Sixth, adher
ence to the assigned DAPT duration could not be systematically 
verified, which may have influenced treatment exposure and 
clinical outcomes. In addition, the aetiology and temporal evolu
tion of anaemia were not captured, precluding mechanistic in
sights into the observed associations. Finally, the present 
findings are restricted to HBR patients undergoing PCI with 
cobalt-chromium everolimus-eluting stents and may not be gen
eralizable to other stent platforms, PCI populations, or clinical 
settings.

Conclusion
Among HBR patients undergoing PCI, baseline anaemia identi
fied individuals at higher risk of both ischaemic and bleeding 
events. A 1-month DAPT strategy provided ischaemic protec
tion comparable to 3-month DAPT irrespective of anaemia sta
tus and reduced major bleeding (BARC 3–5) among patients with 
baseline anaemia. These findings support abbreviated DAPT as a 
reasonable individualized strategy for anaemic HBR patients 
treated with contemporary drug-eluting stents. Prospective ran
domized studies are warranted to confirm these observations 
and to further define optimal antiplatelet strategy in this high- 
risk subgroup, including both DAPT duration and the choice of 
single antiplatelet therapy following DAPT discontinuation.
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Supplementary material is available at European Journal of 
Preventive Cardiology.
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