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Abstract 

Aim: The aim of this study was to assess the effect of ticagrelor monotherapy among high-risk 

patients with anemia undergoing percutaneous coronary intervention (PCI). 

Methods and Results: In the TWILIGHT trial (Ticagrelor With Aspirin or Alone in High-Risk 

Patients after Coronary Intervention), after 3 months of ticagrelor plus aspirin, high-risk patients 

were maintained on ticagrelor and randomized to aspirin or placebo for 1 year. Anemia was 

defined as hemoglobin <13 g/dL for men and <12 g/dL for women. The primary endpoint was 

Bleeding Academic Research Consortium (BARC) 2, 3, or 5 bleeding. The key secondary 

endpoint was a composite of all-cause death, myocardial infarction, or stroke. 

Out of 6,828 patients, 1,329 (19.5%) had anemia and were more likely to have comorbidities, 

multivessel disease, and to experience bleeding or ischemic complications than non-anemic 

patients. Among anemic patients, BARC 2, 3, or 5 bleeding occurred less frequently with 

ticagrelor monotherapy than with ticagrelor plus aspirin (6.4% vs. 10.7%; HR 0.60; 95% CI 0.41 

to 0.88; p= 0.009); the rate of the key secondary endpoint was similar in the two arms (5.2% vs. 

4.8%; HR 1.07; 95% CI 0.66 to 1.74; p= 0.779). These effects were consistent in patients without 

anemia (interaction p-value 0.671 and 0.835, respectively). 

Conclusions: In high-risk patients undergoing PCI, ticagrelor monotherapy after 3 months of 

ticagrelor-based DAPT was associated with a reduced risk of clinically relevant bleeding without 

any increase in ischemic events irrespective of anemia status. (TWILIGHT: NCT02270242) 
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ABBREVIATIONS AND ACRONYMS 

ACS: Acute coronary syndrome 

ARC: Academic Research Consortium 

BARC: Bleeding Academic Research Consortium 

CKD: Chronic Kidney Disease 

DAPT: Dual Antiplatelet Therapy 

GUSTO: Global Use of Strategies to Open Occluded Arteries 

Hb: Hemoglobin 

HBR: High Bleeding Risk 

ISTH: International Society on Thrombosis and Haemostasis 

MI: Myocardial Infarction 

PCI: Percutaneous Coronary Intervention 

TIMI: Thrombolysis In Myocardial Infarction 

TWILIGHT: Ticagrelor With Aspirin or Alone in High-Risk Patients after Coronary Intervention 
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Introduction 

Dual antiplatelet therapy (DAPT), which refers to the combination of aspirin and a P2Y12 

inhibitor, is the standard of care for the prevention of ischemic events in patients undergoing 

percutaneous coronary intervention (PCI) 1,2. However, this benefit occurs at the expense of 

higher rate of bleeding complications, which gradually increases with prolonged or more potent 

DAPT 3,4. Given the enhanced morbidity and mortality associated with bleeding events, novel 

antiplatelet treatment regimens have been examined to reduce the risk of bleeding while 

maintaining protection from ischemic events after PCI 5. Among those, a short period of DAPT 

followed by P2Y12 inhibitor monotherapy has emerged as a promising bleeding reduction 

strategy in several studies 6-8. The TWILIGHT (Ticagrelor With Aspirin or Alone in High-Risk 

Patients after Coronary Intervention) trial showed that among high-risk patients undergoing PCI, 

after 3 months of DAPT, P2Y12 inhibitor monotherapy with ticagrelor reduced bleeding without 

increasing ischemic harm compared with a standard ticagrelor-based DAPT 9.  

Anemia is a common condition in patients undergoing PCI, with prevalence >30% in all-

comer cohorts 10. Anemia is a marker of frailty and comorbidity and has been associated with 

increased mortality, bleeding, and ischemic complications after PCI 11,12. Several bleeding scores 

and the criteria proposed by the Academic Research Consortium (ARC) to identify patients at 

high bleeding risk (HBR) include anemia 13-15. Several studies have confirmed that shorter DAPT 

regimens after PCI are effective in reducing bleeding risk without increasing ischemic events in 

HBR patients 7,8,16,17. However, specific evidence for patients with anemia is lacking. 

Accordingly, we aimed to assess the effect of ticagrelor monotherapy versus ticagrelor 

plus aspirin among patients with anemia included in the TWILIGHT trial.  
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METHODS 

TWILIGHT (NCT02270242) was a randomized, placebo-controlled trial conducted at 187 sites 

in 11 countries. The rationale, design, and principal results of the trial have been reported 

previously 18. TWILIGHT was an investigator-initiated trial designed, coordinated, and sponsored 

by the Icahn School of Medicine at Mount Sinai. Astra Zeneca provided an investigator-initiated 

grant and supplied ticagrelor for the trial but had no role in the design, collection, analysis, or 

interpretation of the data. The executive and steering committees were responsible for trial 

conduct, integrity of data analysis, and reporting of results. The trial protocol was approved by 

National regulatory agencies and Institutional Review Boards or ethics committees of 

participating centers. The safety of trial participants was ensured by an external and independent 

data and safety monitoring board. 

 

Study population 

Patients were eligible to participate if they underwent a successful PCI with at least 1 

commercially available drug-eluting stent and were prescribed at discharge a regimen of 

ticagrelor plus aspirin by the treating clinician. The presence of at least 1 clinical and 1 

angiographic feature associated with a high risk for ischemic or bleeding events was required for 

trial inclusion 9,18. Clinical criteria were: age ≥65 years, female sex, troponin-positive acute 

coronary syndrome (ACS), atherosclerotic vascular disease (prior myocardial infarction [MI], 

coronary revascularization, or peripheral arterial disease), diabetes mellitus requiring medication, 

and chronic kidney disease (CKD) (estimated glomerular filtration rate <60 ml/min/1.73 m2 or 

creatinine clearance <60 ml/min). Angiographic criteria included multivessel coronary artery 

disease, total stent length >30 mm, thrombotic target lesion, bifurcation lesion requiring 2 stents, 

obstructive left main or proximal left anterior descending coronary artery lesion, and calcified 
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target lesion requiring debulking devices. Key exclusion criteria included presentation with an 

ST-segment elevation MI (STEMI), cardiogenic shock, prior stroke, need for oral 

anticoagulation, or contraindication to aspirin or ticagrelor. 

All enrolled patients received open-label ticagrelor (90 mg twice daily) and enteric-coated 

aspirin (81 to 100 mg/day) after index PCI. At 3 months, patients were randomized 1:1 in a 

double-blind fashion to aspirin or matching placebo for 12 months in addition to open-label 

ticagrelor 9,18. Patients who were non adherent to ticagrelor or aspirin or who experienced 

Bleeding Academic Research Consortium (BARC) type 3b or higher bleeding events or ischemic 

events (stroke, MI, or coronary revascularization) between the index PCI and 3 months were not 

eligible for randomization. (Figure 1). Follow-up occurred 1 month after randomization via 

telephone and in person at 6 and 12 months after randomization. At the end of protocol-mandated 

therapy, patients were switched to a standard-of-care antiplatelet regimen at the discretion of their 

treating physicians, followed by final telephone follow-up 3 months later. 

 

Clinical endpoints 

The primary endpoint was the composite of BARC type 2, 3, or 5 bleeding through 1 year after 

randomization 9,18. The key secondary endpoint was the composite of all-cause death, MI, or 

stroke. Other secondary bleeding endpoints included BARC type 3 or 5 bleeding; TIMI 

(Thrombolysis In Myocardial Infarction) major or minor bleeding; GUSTO (Global Use of 

Strategies to Open Occluded Arteries) moderate, severe, or life-threatening bleeding; and major 

bleeding as defined by the International Society on Thrombosis and Haemostasis (ISTH) 9,18.  

Additional secondary endpoints were cardiovascular death, nonfatal MI, ischemic stroke, 

and definite or probable stent thrombosis. MI was defined according to the third universal 
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definition, and stent thrombosis was classified according to the ARC definition 9,18. All clinical 

events were adjudicated by an independent committee, blinded to treatment assignment. 

 

Statistical analysis 

In this post-hoc analysis, patients were stratified in two groups according to the presence 

or absence of anemia at time of index PCI, defined as hemoglobin (Hb) <13 g/dL for men and 

<12g/dL for women. For additional analyses, anemia was further classified into mild (Hb 

between 11–12.9 g/dL for men and between 11–11.9 g/dL for women) and moderate-severe 

(Hb<11 g/dL for both sexes). These definitions were in line with those proposed by the ARC-

HBR consensus 15. Patients with any Hb value were included, only subjects with missing Hb 

values were excluded. 

Clinical and procedural characteristics were summarized by anemia status and 

randomized group as mean and standard deviation for continuous variables and frequencies and 

percentages for categorical variables. The cumulative incidence of both primary and secondary 

endpoints was estimated using the Kaplan-Meier method. Patients without primary endpoints 

between randomization and 1 year were censored at the time of death, last known contact, or 365 

days, whichever came first. Hazard ratios (HRs) and 95% confidence intervals (CIs) were 

estimated using unadjusted Cox proportional hazards models.  

Analyses for the bleeding outcomes were performed in the intention-to-treat cohort, 

ischemic outcomes in the per protocol cohort (i.e., randomized participants who completed all 

study-related contacts without any major protocol deviations) 9,18. Treatment effects were 

estimated according to anemia status with formal interaction testing to assess for effect 

modification. Finally, the association between Hb (as a continuous variable) and the rates of the 

primary and key secondary endpoint was also evaluated fitting a smoothing spline curve with 4 
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knots placed at equally spaced percentiles across the range of Hb. All analyses were performed 

using Stata version 16.0 (StataCorp, College Station, Texas). 

 

RESULTS 

Population characteristics 

Among 6,828 patients randomized in the TWILIGHT trial with available Hb values at baseline, 

1,329 (19.5%) had anemia (Figure 1). Of these, 50.8% were randomized to ticagrelor plus 

placebo and 49.2% to ticagrelor plus aspirin. Among non-randomized patients, not included in 

this analysis, frequency of anemia was slightly higher (24.9%).  

Compared to patients without anemia, anemic patients were on average older, more likely 

to be women, from North America or Asia, of non-white race, and to have comorbidities, such as 

diabetes, hypertension, prior coronary artery bypass graft surgery, peripheral artery disease, CKD 

and a history of major bleeding (Supplemental Table 1). Mean Hb was 11.6±1.1 g/dL in anemic 

patients and 14.5±1.2 g/dL in non-anemic patients and was similar in the two randomized arms 

(Table 1). Among patients with anemia, femoral artery access, multivessel coronary artery 

disease and calcific lesions were more common (Supplemental Table 2).  

Within patients with or without anemia, demographic, clinical, and procedural 

characteristics were well balanced between treatment arms, except for the rates of current 

smoking and total stent length, which were higher in the ticagrelor plus placebo than in the 

ticagrelor plus aspirin arm (Table 1 and Supplemental Table 3).  

At 1 year after randomization, patients with anemia were more likely to have permanently 

discontinued ticagrelor (17.1% vs 12.4%, p <0.001) or the study drug (21.9% vs 16.3%, p 

<0.001) than patients without anemia. 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/ehjcvp/advance-article/doi/10.1093/ehjcvp/pvad006/6989842 by London School of H

ygiene & Tropical M
edicine user on 20 January 2023



O
R
IG

IN
A

L
 U

N
E
D

IT
E
D

 M
A

N
U

S
C

R
IP

T

Bleeding events 

Bleeding events rates were inversely associated with hemoglobin values (Figure 2A). Patients 

with anemia compared to those without anemia had a significantly higher rates of BARC 2, 3 or 5 

(8.3% vs 4.9%) and BARC 3 or 5 bleeding (3.1% vs 1.1%) (Supplementary Table 4). 

Among patients with anemia, the primary outcome of BARC type 2, 3, or 5 bleeding 

occurred in 42 patients (6.4%) randomized to ticagrelor plus placebo and 67 patients (10.4%) 

randomized to ticagrelor plus aspirin (HR: 0.60; 95% CI: 0.41 to 0.88; p = 0.009) (Figure 3A). In 

anemic patients, rates of BARC type 3 or 5 bleeding were 1.7% in the ticagrelor plus placebo 

group and 4.5% in the ticagrelor plus aspirin group, (HR: 0.37; 95% CI 0.18 to 0.73; p = 0.005) 

(Figure 4). This treatment effect was consistent across different bleeding scales, including TIMI, 

GUSTO, and ISTH (Table 2).  

There was no significant interaction between anemia status and treatment group with 

respect to any of the bleeding endpoints. 

 

Ischemic events 

The key secondary endpoint of all-cause death, MI or stroke increased with decreasing values of 

Hb (Figure 2B) and was significantly higher in patients with anemia than without anemia (5.0% 

vs 3.7%); this difference was driven by an excess of all-cause death in anemic patients 

(Supplementary Table 4). Among patients with anemia, all-cause death, MI, or stroke occurred 

in 34 patients (5.2%) randomized to ticagrelor plus placebo versus 31 patients (4.8%) randomized 

to ticagrelor plus aspirin (HR: 1.07; 95% CI: 0.66 to 1.74; p = 0.779) (Figure 3B). 

Rates of all-cause death (1.5% vs. 2.2%), MI (3.5% vs. 3.5%), ischemic stroke (0.5% vs. 

0.3%), and definite or probable stent thrombosis (0.5% vs. 0.8%) were similar between treatment 
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groups (p > 0.20 for all) (Figure 4). There was no significant interaction between anemia status 

and treatment group with respect to the ischemic endpoints. 

 

Outcomes by anemia severity 

The risk of clinically relevant or major bleeding increased progressively in patients with mild 

(6.7%) and moderate-severe anemia (14.7%), as compared to non-anemic patients (4.9%). 

Moreover, moderate-severe anemia was associated with significantly higher risk of all-cause 

death and MI as compared to no anemia (5.7% vs 3.7%) (Supplementary Table 5). 

The reduction in BARC type 2, 3, or 5 bleeding associated with ticagrelor monotherapy 

was consistent across levels of anemia severity (p interaction = 0.769) (Figure 5). In contrast to 

the findings for our primary endpoint, the extent of relative risk reduction in major bleeding 

tended to be larger in patients with moderate-severe anemia than patients with no anemia 

irrespective of the bleeding scale applied (Figure 5 and Supplementary Table 6). There were no 

differences between the two treatment arms with respect to the key secondary endpoint of death, 

MI, or stroke between the three groups (p interaction = 0.962) (Figure 5 and Supplementary 

Table 6).  
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DISCUSSION 

In this post-hoc analysis of the TWILIGHT trial, we assessed the effect on clinical outcomes of 

ticagrelor with or without aspirin after 3 months of ticagrelor-based DAPT in 1,329 patients with 

anemia undergoing PCI. The key findings from our analysis can be summarized as follows: 

1) patients with anemia were older, had more comorbidities, were more likely to have 

multivessel disease, and experienced higher rates of bleeding complications and - to a 

lesser extent - of death, MI or stroke than patients without anemia 

2) in anemic patients, ticagrelor monotherapy reduced the 1-year risk of clinically relevant 

BARC 2, 3, or 5 bleeding by 40%, of BARC 3 or 5 bleeding by 63% and was not 

associated with an increased risk of all-cause death, MI, or stroke as compared to 

ticagrelor plus aspirin 

3) the treatment effects of ticagrelor monotherapy with respect to ischemic and bleeding 

outcomes were consistent irrespective of the presence of anemia or its severity; the benefit 

on major bleeding reduction tended to belarger in patients with moderate-severe anemia  

 

In real world PCI cohorts, anemia can be found in more than 30% of patients and is also 

one of the most frequently fulfilled ARC-HBR criteria among HBR patients 10,11,19. Anemic 

patients are more likely to discontinue antiplatelet therapy than non-anemic patients 20 and to 

receive suboptimal therapy for secondary prevention after PCI, including antiplatelet therapy 21,22. 

Several studies confirmed that in HBR patients shorter DAPT regimens after PCI are effective in 

reducing bleeding risk without ischemic harm. However, analyses focusing on patients with 

anemia are limited.  

In this study, anemia, which was defined based on the ARC-HBR definition as Hb <13 

g/dL in men and <12g/dL in women, was found in 19.5% of included patients. The lower 
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frequency of anemia compared to all-comer observational studies is probably due to the exclusion 

from the trial of patients on dialysis, with cardiogenic shock, STEMI or liver cirrhosis, that 

frequently present with low Hb values, and to the selection of event-free patients for 

randomization. Indeed, the prevalence of anemia was slightly higher (24.9%) among non-

randomized subjects. In agreement with the overall findings from TWILIGHT, we found that the 

withdrawal of aspirin after a brief period of DAPT significantly reduced bleeding and did not 

incur any increase in ischemic complications irrespective of anemia status. Interestingly, the 

reduction of major bleeding associated with aspirin withdrawal seemed to be amplified in patients 

with anemia irrespective of the bleeding scale used (BARC, TIMI, GUSTO or ISTH), especially 

in patients with moderate or severe anemia.  

A number of trials have investigated the safety and efficacy of P2Y12 inhibitor 

monotherapy after a minimal duration (1 to 3 months) of DAPT following PCI 6-8. However, 

TWILIGHT was the only trial to be placebo controlled and to enroll patients with both clinical 

and angiographic features associated with increased risk for ischemic or bleeding complications 

post-PCI. In some of the above-mentioned trials, the effect of P2Y12 inhibitor monotherapy was 

assessed in HBR patients, whereas analyses focused on anemic patients are lacking. The benefit 

of ticagrelor monotherapy in reducing bleeding complications in patients with anemia (40% for 

BARC 2, 3 or 5 and 63% for BARC 3 or 5) was similar to that observed in the HBR cohort of the 

TWILIGHT trial (47% for BARC 2, 3 or 5 and 69% for BARC 3 or 5) 17.  

In keeping with previous studies, our study confirms that anemic patients have a high 

burden of comorbidities, an increased risk of bleeding events and — to a lesser extent— a higher 

risk of ischemic complications after PCI 11,12,20,21,23. The increased rate of complications in 

anemic patients undergoing PCI has been attributed to their old age and the associated 

comorbidities 21,24,25 but also to direct pathophysiologic changes due to anemia. Indeed, anemia 
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leads to impaired oxygen delivery to the myocardium and induces myocardial cell ischemia 26; it 

also increases myocardial oxygen demand through increments in heart rate, cardiac index, and 

stroke volume 27. In addition, patients with anemia have high platelet reactivity on clopidogrel 

28,29, probably related to the inflammatory status generated by the same chronic diseases that 

promote anemia. 

Several interventions were tested to improve outcomes of anemic patients undergoing 

PCI. Routine blood transfusion or erythropoietin administration have been shown to be harmful 

in the context of PCI 30,31. Blood transfusion remains an effective measure in presence of low 

hemoglobin values (≤8 g/dL) and symptoms 32. Other bleeding avoidance strategies, such as use 

of transradial access and use of bivalirudin or enoxaparin rather than unfractionated heparin in 

ACS might reduce the risk of bleeding, even though dedicated studies in patients with anemia are 

lacking 5. 

Our analysis demonstrated that aspirin withdrawal after a short period of ticagrelor-based 

DAPT represents an effective intervention to prevent bleeding events in patients with anemia. 

 

Limitations 

These results should be interpreted in light of several limitations. First, this analysis was not 

prespecified; therefore, the findings should be considered exploratory. Additional caution is 

needed in interpreting the results in the context of an underpowered subgroup analysis. In 

particular patients with moderate-severe anemia represented a small proportion of the study 

population. Moreover, the diagnosis of anemia was based on the Hb levels at time of index PCI, 

which reflects solely the status of the patients before PCI. The cause of anemia and additional 

data such as mean corpuscular volume, mean corpuscular Hb, and iron studies were not available. 

In this study, since pharmacodynamics or platelet function data were not collected, mechanistic 
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insights on the interaction between antiplatelet agents and platelet function in anemic patients 

could not be provided and should be explored in dedicated studies. Our findings may not 

generalize to patients treated with other oral P2Y12 inhibitors, particularly clopidogrel or to 

patients presenting with STEMI, who were excluded from participation in TWILIGHT. Finally, 

limitations of the main trial also apply to the current analysis, including the lack of power to 

detect differences in the risk of important yet rare clinical events (e.g., stent thrombosis and 

stroke) and applicability of the findings restricted to patients who were able to adhere to 3 months 

of DAPT without experiencing any major bleeding or ischemic event. 

 

CONCLUSIONS 

Among high-risk patients undergoing PCI, ticagrelor monotherapy following 3 months of DAPT 

significantly reduced clinically relevant bleeding compared with ticagrelor plus aspirin without 

evident ischemic harm, irrespective of the presence of baseline anemia. The reduction in major 

bleeding tended to be greater in patients with moderate-severe anemia. These findings support 

that ticagrelor monotherapy can be implemented without any signals for harm in patients with 

anemia and concomitant increased risk for ischemic complications.  
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Figure 1. Study design. The TWILIGHT trial enrolled patients undergoing PCI and at high risk 
of ischemic or bleeding complications, After 3-month of ticagrelor-based DAPT patients free 
from ischemic or bleeding events and adherent to DAPT were randomized to aspirin or matching 
placebo for 12 months in addition to open-label ticagrelor. Outcomes were assessed at 12 months 
after randomization. 
 
BARC= Bleeding Academic Research Consortium, MI= myocardial infarction 
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Figure 2. One-year rates of bleeding (A) and ischemic (B) events according to baseline 
hemoglobin values. A smoothing spline curve was used to plot the rates of Bleeding Academic 
Research Consortium (BARC) type 2, 3, or 5 bleeding (A) and all-cause death, myocardial 
infarction (MI), or stroke (B) at 1 year after randomization. The lines indicate Kaplan-Meier 
estimated event rates in the overall population (black), in the ticagrelor plus placebo (light blue) 
and ticagrelor plus aspirin arm (dark blue). The mean hemoglobin value was 13.9±1.6 g/dL in the 
overall population.  
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Figure 3. Kaplan-Meier curves for BARC 2, 3 or 5 bleeding (A) and death, MI or stroke (B) 
in patients with or without anemia stratified by randomized treatment.  
 
BARC= Bleeding Academic Research Consortium, MI= myocardial infarction 
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Figure 4. Effect of randomized treatment on events at 1 year after randomization in 
patients with or without anemia.  
 
BARC= Bleeding Academic Research Consortium, MI= myocardial infarction 
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Figure 5. Effect of randomized treatment on events at 1 year after randomization according 
to degree of anemia severity. Mild anemia was defined as hemoglobin between 11–12.9 g/dL 
for men and between 11–11.9 g/dL for women; moderate-severe as hemoglobin <11 g/dL in both 
sexes. 
 
BARC= Bleeding Academic Research Consortium, MI= myocardial infarction 
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Table 1. Baseline clinical characteristics.  
 

  Anemia (N=1,329)   No anemia (N=5,499) 

 
Tica+Placebo 

N=675 
Tica+Aspirin 

N=654 
p-value 

 
Tica+Placebo 

N=2,730 
Tica+Aspirin 

N=2,769 
p-value 

Age, years 66.8±10.7 67.1±9.9 0.630  63.1±9.8 63.1±10.1 0.883 

Female sex 190 (28.1%) 189 (28.9%) 0.762  620 (22.7%) 636 (23.0%) 0.820 

Nonwhite race 317 (47.0%) 284 (43.4%) 0.195  750 (27.5%) 757 (27.3%) 0.911 

BMI, kg/m2 28.2±6.2 27.9±5.6 0.450  28.7±5.4 28.7±5.6 0.806 

Enrolling region   0.943    0.946 

North America 296 (43.9%) 288 (44.0%)   1147 (42.0%) 1169 (42.2%)  

Europe 162 (24.0%) 152 (23.2%)   1016 (37.2%) 1035 (37.4%)  

Asia 217 (32.1%) 214 (32.7%)   567 (20.8%) 565 (20.4%)  

Diabetes 323 (47.9%) 322 (49.2%) 0.614  941 (34.5%) 938 (33.9%) 0.642 

Diabetes treated with insulin 91 (28.2%) 112 (34.8%) 0.071  228 (24.2%) 249 (26.5%) 0.249 

Chronic kidney disease 193 (29.0%) 205 (31.6%) 0.303  355 (13.1%) 347 (12.6%) 0.613 

Current smoker 77 (11.4%) 95 (14.5%) 0.088  620 (22.7%) 699 (25.3%) 0.028 

Hypercholesterolemia 384 (56.9%) 375 (57.3%) 0.868  1690 (61.9%) 1700 (61.4%) 0.697 

Hypertension 511 (75.7%) 501 (76.6%) 0.700  1960 (71.8%) 1979 (71.5%) 0.806 

Peripheral arterial disease 58 (8.6%) 62 (9.5%) 0.572  179 (6.6%) 174 (6.3%) 0.680 

Previous MI 201 (29.8%) 198 (30.3%) 0.843  773 (28.3%) 778 (28.1%) 0.857 

Previous PCI 293 (43.4%) 295 (45.1%) 0.533  1157 (42.4%) 1148 (41.5%) 0.488 

Previous CABG 74 (11.0%) 81 (12.4%) 0.419  274 (10.0%) 256 (9.2%) 0.318 

Previous major bleed 9 (1.3%) 12 (1.8%) 0.464  20 (0.7%) 20 (0.7%) 0.964 

Hemoglobin (g/dL) 11.7±1.0 11.6±1.2 0.185  14.5±1.2 14.5±1.2 0.808 

Indication for PCI   0.259    0.246 

Stable CAD 240 (35.6%) 213 (32.6%)   975 (35.7%) 948 (34.2%)  

ACS 435 (64.4%) 440 (67.4%)   1754 (64.3%) 1821 (65.8%)  

Anemia was defined as baseline hemoglobin <13 g/dL for men and <12g/dL for women. 
ACS: acute coronary syndrome, BMI: body mass index, CABG: coronary artery bypass graft, CAD: 
coronary artery disease artery disease, MI: myocardial infarction, PCI: percutaneous coronary 
intervention, Tica: ticagrelor.  
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