
Bleeding and Ischemic Outcomes With Ticagrelor 

Monotherapy According to Body Mass Index 
 

Vijay Kunadian, MBBS, MD1, Carlo A. Pivato, MD2,3,4, Davide Cao, MD2, Usman Baber, MD, 

MSc5, George Dangas, MD, PhD2, Samantha Sartori, PhD2, Zhongjie Zhang, MPH2, Dominick J. 

Angiolillo, MD, PhD6, Carlo Briguori, MD, PhD7, David J. Cohen, MD, MSc8, Timothy Collier, 

MSc9, Dariusz Dudek, MD, PhD10, Michael Gibson, MD, MS11, Robert Gil, MD, PhD12, Kurt 

Huber, MD13, Upendra Kaul, MD14, Ran Kornowski, MD15, Mitchell W. Krucoff, MD16, Payam 

Dehghani, MD17, Shamir Mehta MD, MSc18, David J. Moliterno, MD19, E. Magnus Ohman, 

MD16, Javier Escaned, MD, PhD20, Gennaro Sardella, MD21, Samin K. Sharma, MD2, Richard 

Shlofmitz, MD8, Giora Weisz, MD22, Bernhard Witzenbichler, MD23, Vladimír Džavík, MD24, 

Paul Gurbel, MD25, Christian W. Hamm, MD26, Timothy Henry, MD27, Adnan Kastrati, MD28, 

Steven O. Marx, MD29, Keith Oldroyd, MB, ChB, MD30, P. Gabriel Steg, MD31, Stuart Pocock 

PhD9, Roxana Mehran, MD2 

 

Author affiliations: 

1. Translational and Clinical Research Institute, Faculty of Medical Sciences, Newcastle 

University and Freeman Hospital, Newcastle upon Tyne Hospitals NHS Foundation 

Trust, Newcastle upon Tyne, UK 

2. The Zena and Michael A. Wiener Cardiovascular Institute, Icahn School of Medicine at 

Mount Sinai, New York, NY, USA 

3. Department of Biomedical Sciences, Humanitas University, Pieve Emanuele-Milan, Italy 

4. IRCCS Humanitas Research Hospital, Rozzano, Milan, Italy 

5. Department of Cardiology, The University of Oklahoma Health Sciences Center, 

Oklahoma City, OK, USA 

6. Division of Cardiology, University of Florida College of Medicine, Jacksonville, FL, 

USA  

7. Mediterranea Cardiocentro, Naples, Italy 

8. Cardiovascular Research Foundation, New York, NY, USA and St. Francis Hospital, 

Roslyn, Roslyn, NY, USA. 

9. Department of Medical Statistics, London School of Hygiene and Tropical Medicine, 

London, UK 

10. Jagiellonian University Medical College, Krakow, Poland 

11. Division of Cardiovascular Medicine, Beth Israel Deaconess Medical Center, Harvard 

Medical School, Boston, Massachusetts, USA 

12. Center of Postgraduate Medical Education, Central Clinical Hospital of the Ministry of 

Interior and Administration, Warsaw, Poland 

13. 3rd Dept Medicine, Cardiology and Intensive Care Medicine, Wilhelminen hospital, and 

Sigmund Freud University, Medical Faculty, Vienna, Austria 

14. Batra Hospital and Medical Research Centre, New Delhi, India 

15. Rabin Medical Center, Petach Tikva, Israel 



1 

 

16. Duke University Medical Center-Duke Clinical Research Institute, Durham, NC, USA 

17. Prairie Vascular Research, Regina, Saskatchewan, Canada. 

18. Hamilton Health Sciences, Hamilton, ON, Canada 

19. University of Kentucky, Lexington, KY, USA 

20. Hospital Clínico San Carlos IDISCC, Complutense University of Madrid, Madrid, Spain 

21. Policlinico Umberto I University, Roma, Italy 

22. NewYork Presbyterian Hospital, Columbia University Medical Center, NY, USA 

23. Helios Amper-Klinikum, Dachau, Germany  

24. Research and Innovation in Interventional Cardiology and Cardiac Intensive Care, Peter 

Munk Cardiac Centre, University Health Network, Toronto 

25. Sinai Hospital of Baltimore System, Baltimore 

26. Kerckhoff Clinic, Bad Nauheim 

27. The Carl and Edyth Lindner Center for Research and Education at the Christ Hospital, 

Cincinnati 

28. Deutsches Herzzentrum München, Munich 

29. Columbia University Medical Center 

30. The West of Scotland Heart and Lung Centre, Golden Jubilee National Hospital, 

Glasgow 

31. Groupe Hospitalier Bichat–Claude-Bernard, Paris 

 

Short Title: Ticagrelor Monotherapy and BMI 

 

Address for correspondence: 

Roxana Mehran, MD 

Center for Interventional Cardiovascular Research and Clinical Trials 

The Zena and Michael A. Wiener Cardiovascular Institute 

Icahn School of Medicine at Mount Sinai 

One Gustave L. Levy Place, Box 1030 

New York, New York 10029-6574 

Tel: +1 (212) 659-9649; Fax: +1 (646) 537-8547 

Email: roxana.mehran@mountsinai.org 

Twitter: @Drroxmehran 

  



2 

 

DISCLOSURES 

Dr. Baber, receiving honoraria from AstraZeneca and Boston Scientific; Dr. Cohen, receiving 

grant support, paid to his institution, and consulting fees from AstraZeneca, Medtronic, and 

Abbott Vascular, and grant support, paid to his institution, from Boston Scientific; Dr. 

Angiolillo, receiving grant support, consulting fees, and honoraria from Amgen, Aralez, Bayer, 

Biosensors, Boehringer Ingelheim, Bristol-Myers Squibb, Chiesi, Daiichi Sankyo, Eli Lilly, 

Janssen, Merck, and Sanofi, consulting fees and honoraria from Haemonetics, PhaseBio, PLx 

Pharma, Pfizer, and the Medicines Company, grant support and fees for review activities from 

CeloNova, fees for review activities from St. Jude Medical, and grant support from CSL 

Behring, Eisai, Gilead, Idorsia Pharmaceuticals, Matsutani Chemical Industry, Novartis, Osprey 

Medical, and RenalGuard Solutions; Dr. Dangas, receiving consulting fees and advisory board 

fees from AstraZeneca, consulting fees from Biosensors, and previously holding stock in 

Medtronic; Dr. Escaned, receiving consulting fees and lecture fees from Abbott, Philips, Boston 

Scientific, and Medtronic, and lecture fees from Abiomed, Terumo, and Biosensors; Dr. Gurbel, 

receiving grant support and consulting fees from Bayer, Medicure, US WorldMeds, and Merck, 

grant support from Instrumentation Laboratory, Haemonetics, Amgen, Idorsia, Janssen, and 

Ionis, and holding patent 9188597 on detection of restenosis risk in patients receiving a stent by 

measuring the characteristics of blood clotting, including measurement of maximum thrombin-

induced clot strength; Dr. Hamm, receiving lecture fees and advisory board fees from 

AstraZeneca; Dr. Huber, receiving lecture fees from AstraZeneca and Bayer; Dr. Mehta, 

receiving grant support from and serving on an executive committee and as site investigator for 

AstraZeneca; Dr. Ohman, receiving consulting fees from 3D Communications, ACI Clinical, 

Biotie, Cara Therapeutics, Cardinal Health, Faculty Connection, Imbria, Impulse Medical, 



3 

 

Janssen Pharmaceuticals, Medscape, Milestone Pharmaceuticals, and XyloCor, grant support and 

consulting fees from Abiomed, and grant support from Chiesi and Portola; Dr. Oldroyd, 

receiving grant support and lecture fees from AstraZeneca; Dr. Steg, receiving grant support and 

fees for serving on a steering committee from Bayer/Janssen, grant support and lecture fees from 

Merck, grant support, fees for serving as cochair of trials, consulting fees, and lecture fees from 

Sanofi, grant support, fees for serving on an executive steering committee, and consulting fees 

from Amarin, consulting fees and lecture fees from Amgen, consulting fees, lecture fees, and 

fees for serving on a critical event committee from Bristol-Myers Squibb, fees for serving on an 

executive steering committee from Boehringer Ingelheim, fees for serving on a critical event 

committee from Pfizer, fees for serving on a steering committee and consulting fees from 

Novartis, consulting fees from Regeneron, Eli Lilly, and Novo Nordisk, consulting fees and 

lecture fees from AstraZeneca, grant support, fees for serving as chair of a data monitoring 

committee, and fees for serving as chair of a registry from Servier, and fees for serving on a 

steering committee from Idorsia; Dr. Weisz, receiving grant support and advisory board fees 

from and holding equity in Corindus, advisory board fees from and holding equity in Filterlex, 

serving on an advisory board for and holding options in Trisol, and receiving grant support from 

Abbott, CSI, and RenalGuard; Dr. Gibson, receiving grant support and consulting fees from 

Angel Medical, Bayer, CSL Behring, Janssen Pharmaceuticals, Johnson & Johnson, and Portola 

Pharmaceuticals, consulting fees from the Medicines Company, Eli Lilly, Gilead Sciences, Novo 

Nordisk, WebMD, UpToDate Cardiovascular Medicine, Amarin Pharma, Amgen, Boehringer 

Ingelheim, Chiesi, Merck, PharmaMar, Sanofi, Somahlution, Verreseon Corporation, Boston 

Scientific, Impact Bio, MedImmume, Medtelligence, MicroPort, PERT Consortium, and GE 

Healthcare, holding equity in nference, serving as chief executive officer of Baim Institute, and 



4 

 

receiving grant support, paid to Baim Institute, from Bristol-Myers Squibb. Dr. Mehran reports 

institutional research grants from Abbott, Abiomed, Applied Therapeutics, Arena, AstraZeneca, 

Bayer, Biosensors, Boston Scientific, Bristol-Myers Squibb, CardiaWave, CellAegis, CERC, 

Chiesi, Concept Medical, CSL Behring, DSI, Insel Gruppe AG, Medtronic, Novartis 

Pharmaceuticals, OrbusNeich, Philips, Transverse Medical, Zoll; personal fees from ACC, 

Boston Scientific, California Institute for Regenerative Medicine (CIRM), Cine-Med Research, 

Janssen, WebMD, SCAI; consulting fees paid to the institution from Abbott, Abiomed, AM-

Pharma, Alleviant Medical, Bayer, Beth Israel Deaconess, CardiaWave, CeloNova, Chiesi, 

Concept Medical, DSI, Duke University, Idorsia Pharmaceuticals, Medtronic, Novartis, Philips; 

Equity <1% in Applied Therapeutics, Elixir Medical, STEL, CONTROLRAD (spouse); 

Scientific Advisory Board for AMA, Biosensors (spouse). The other authors have nothing to 

disclose. 

  



5 

 

LIST OF ABBREVIATIONS AND ACRONYMS 

ARC: Academic Research Consortium  

ARD: absolute risk difference 

ARR: absolute risk reduction 

ACS: acute coronary syndrome 

BARC: Bleeding Academy Research Consortium 

BMI: body mass index 

CABG: coronary artery bypass graft 

CI: confidence interval 

CKD: chronic kidney disease 

DAPT: Dual antiplatelet therapy 

ESC: European Society of Cardiology 

GUSTO: Global Use of Strategies to Open Occluded Arteries  

HR: hazard ratio 

ISTH: International Society of Thrombosis or Hemostasis  

MI: myocardial infarction 

NACE: net adverse clinical event 

PCI: percutaneous coronary intervention 
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SD: standard deviation 

TIMI: Thrombolysis in Myocardial Infarction  
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ABSTRACT 

Background 

Among patients with cardiovascular disease, available evidence suggests a U-shaped relationship 

between body mass index (BMI) and the risk of bleeding or cardiovascular events. Furthermore, 

BMI affects pharmacokinetics of antithrombotic drugs. 

 

Methods 

The TWILIGHT trial randomized high-risk patients to ticagrelor plus aspirin or ticagrelor plus 

placebo at 3 months after percutaneous coronary intervention (PCI). In this secondary analysis, 

ischemic and bleeding outcomes at 1 year after randomization were evaluated according to 

standardized BMI categories. 

 

Results 

Among 7038 patients randomized and with available BMI, 1807 (25.7%) had normal weight 

(BMI=18.5-24.99 kg/m2), 2927 (41.6%) were overweight (BMI=25-29.99 kg/m2), and 2304 

(32.7%) were obese (BMI≥30 kg/m2). Ticagrelor monotherapy, compared with ticagrelor plus 

aspirin, reduced the primary endpoint of Bleeding Academic Research Consortium (BARC) type 

2, 3, or 5 bleeding (HR 0.48, 95% CI 0.32-0.73; HR 0.57, 95% CI 0.41-0.78; HR 0.63, 95% CI 

0.44-0.91; p-interaction=0.627) without any increase in the composite ischemic endpoint of all-

cause death, myocardial infarction (MI), or stroke (HR 1.36, 0.84-2.19; HR 0.92, 95% CI 0.63-

1.35; HR 0.84, 95% CI 0.56-1.25; p-interaction=0.290) in normal weight, overweight and obese 

patients (p-interaction>0.10 for all other outcomes). Obese subjects experienced a greater 
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absolute risk reduction in BARC 3 or 5 bleeding (p-interaction=0.030) and net clinical adverse 

events, composite of BARC type 3 or 5, all-cause death, MI, or stroke (p-interaction=0.040). 

 

Conclusion 

Among high-risk patients undergoing PCI, ticagrelor monotherapy, compared with ticagrelor 

plus aspirin, reduced bleeding events without any increase in the ischemic risk across different 

BMI categories and might be particularly beneficial in obese subjects. 
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INTRODUCTION 

Obesity represents a global health issue, affecting both high- and low-income countries. 1,2 As of 

today, about one out of three adults in the USA can be defined obese, and these rates are 

expected to increase worldwide. 1,2 In the European Union, 53% of population are considered 

overweight (36% pre-obese, 17% obese). 3 There is high prevalence of obesity among patients 

with coronary artery disease and there is pharmacological interaction between antithrombotic 

medications and adipose tissue. 4–6 Available evidence suggests a U-shaped relation between the 

incidence of bleeding 7–11 or cardiovascular events 12–17 and body mass index (BMI), with 

extreme categories, namely underweight or obese, being at higher risk of adverse events. 

Furthermore, there is a paucity of data regarding the safety and efficacy of different antiplatelet 

regimens, including different DAPT durations and P2Y12 inhibitor monotherapy, according to 

BMI. As a consequence, a recent consensus document from the European Society of Cardiology 

(ESC) Working Group on Thrombosis recommended that data of antithrombotic trials should be 

reported with respect to established BMI categories. 4  

The TWILIGHT trial evaluated a novel therapeutic strategy for high risk patients undergoing 

percutaneous coronary intervention (PCI) with drug eluting stent where, after 3 months of dual 

antiplatelet therapy (DAPT) with aspirin plus ticagrelor, aspirin was dropped. Ticagrelor 

monotherapy, compared with ticagrelor plus aspirin, significantly reduced the risk of bleedings 

by 44% without any ischemic trade-off. 18,19 As such, this strategy might be appealing for those 

subjects who are particularly at increased odds of adverse events. We sought to evaluate the 

benefit of ticagrelor monotherapy versus ticagrelor plus aspirin among the patients included in 

the TWILIGHT trial based on the different standardized BMI categories. 1,4 
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METHODS 

Study Design and Population 

The trial rationale, design, and principal results have been reported elsewhere. 18,19 TWILIGHT 

was a randomized, placebo-controlled trial (187 sites, 11 countries) enrolling patients that 

underwent a successful PCI with the implantation of drug-eluting stent and that were at high risk 

of ischemic or bleeding events based on the presence of at least one clinical (age ≥65 years, 

female sex, troponin positive acute coronary syndrome [ACS], prior myocardial infarction [MI], 

prior coronary revascularization, peripheral arterial disease, diabetes mellitus requiring 

medication, or chronic kidney disease [CKD]) and one angiographic (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 lesion, or calcified target lesion 

requiring debulking devices) high risk feature. Need for oral anticoagulation, prior stroke, ST-

segment elevation myocardial infarction, or cardiogenic shock were key exclusion criteria.  

After three months of uneventful and tolerated DAPT with open-label ticagrelor (90 mg twice 

daily) and enteric-coated aspirin (81-100 mg daily), patients were randomized 1:1 to enteric-

coated aspirin or matching placebo for an additional 12 months on a background open-label 

ticagrelor therapy. Follow-up visits were scheduled via telephone at 1 month, and in-person at 6 

and 12 months after randomization.  

The protocol was approved by national regulatory agencies and institutional review boards or 

ethics committees of participating sites. 

Study Outcomes 
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The primary endpoint was Bleeding Academic Research Consortium (BARC) type 2, 3, or 5 

bleeding up to 1 year after randomization. The key secondary ischemic endpoint was the 

composite of all-cause death, MI, or stroke. Secondary bleeding endpoints included BARC type 

3 or 5 bleeding, Thrombolysis in Myocardial Infarction (TIMI) major bleeding, Global Use of 

Strategies to Open Occluded Arteries (GUSTO) moderate or severe or bleeding, and 

International Society of Thrombosis or Hemostasis (ISTH) major bleeding. 20–23 Other secondary 

ischemic endpoints included the composite of cardiovascular death, MI, or ischemic stroke, its 

individual components, definite or probable stent thrombosis. Net adverse clinical event (NACE) 

was the composite of BARC type 3 or 5 bleeding, death, MI, or stroke. MI was defined 

according to the third universal definition, and stent thrombosis were classified according to the 

Academic Research Consortium (ARC) criteria. 24,25 All clinical events were adjudicated by an 

independent committee, blinded to treatment assignment. 

BMI Categories  

For the purpose of this analysis, the population was stratified in the following established BMI 

categories as recommended by the ESC Working Group on Thrombosis: normal weight 

(BMI=18.5-24.99 kg/m2), overweight (BMI=25-29.99 kg/m2), and obese (BMI≥30 kg/m2). 1,4 

BMI was derived using the standard formula (BMI=weight [kg]/[height (m)]2). Underweight 

subjects (BMI <18.5 kg/m2) were excluded from the present study because of the very limited 

sample size (n=52, 0.7%) preventing any statistical inference. Furthermore, patients were also 

stratified by median BMI, which was 27.7 kg/m2, as pre-specified in the trial protocol. 18 

Statistical Analyses 

Clinical and procedural characteristics are presented by mean ± standard deviation (SD) or 

number of patients (%) as appropriate. The cumulative incidence of primary and secondary 
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endpoints was estimated using the Kaplan-Meier method. Survival analyses were based on the 

time to first event and patients were censored at the time of death, last known contact, or 365 

days, whichever came first. The intention-to-treat population was used for all the analyses on 

bleeding events (including NACE), while ischemic outcomes were analyzed in the per protocol 

cohort. Hazard ratios (HRs) and adjusted HRs with 95% confidence intervals (CIs) were 

generated using Cox proportional hazards models. Prognostically relevant variables that were 

significantly different among normal weight, overweight and obese subjects were used for 

adjustment in the final multivariable model which included age (years), gender, race, enrolling 

region, diabetes, CKD, anemia, current smoker, hypercholesterolemia, hypertension, previous 

PCI, previous coronary artery bypass graft (CABG), indication for PCI, and complex PCI. 26 

Absolute risk differences (ARDs) for the treatment effect of ticagrelor monotherapy were 

generated by the differences in the Kaplan–Meier event rates for 1-year outcomes between the 

two treatment arms among normal weight, overweight and obese patients. Heterogeneity of both 

the relative and absolute treatment effects according to the different BMI categories was 

analyzed with a test for treatment-by-subgroup interaction. 

A two-sided p-value of <0.05 was considered statistically significant. All analyses were 

performed using Stata version 16.0 (College Station, Texas).  
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RESULTS 

Standardized BMI Categories in the TWILIGHT population  

Among the 7119 patients randomized in the parental trial, 29 (0.4%) did not have information on 

BMI. After excluding 52 (0.7%) underweight patients, the final study cohort included 7038 

patients: 1807 (25.7%) normal weight, 2927 (41.6%) overweight and 2304 (32.7%) obese (Table 

1). Patients with a higher BMI were more frequently younger, of white race, and they had a 

higher burden of cardiovascular risk factors including diabetes mellitus, CKD, 

hypercholesterolemia, hypertension and prior coronary revascularization. Although ACS was 

overall the most frequent indication to PCI, obese patients had a higher prevalence of stable 

coronary artery disease as compared with normal body weight patients. Furthermore, obese 

patients were more frequently enrolled in North America, overweight in Europe and patients 

with normal weight in Asia. As it relates to procedural characteristics, the use of radial artery 

access was lower among obese patients, who were also less likely to undergo complex PCI. 

Baseline clinical and procedural characteristics were overall balanced between the two treatment 

arms in each BMI category (Supplementary Table 1 and 2).  

 

Standardized BMI categories and risk of adverse event in the TWILIGHT population 

The primary endpoint of BARC type 2, 3, or 5 bleeding occurred in 101 (5.7%) patients with a 

normal weight, 164 (5.7%) overweight patients and 120 (5.3%) obese patients (plog-rank=0.830) 

(Figure 1A, Table 3). There were no significant differences in all secondary bleeding endpoints 

according to the TIMI, GUSTO, and ISTH scale across BMI categories (p>0.20 for all 

outcomes). The adjusted multivariable Cox model provided consistent results (Table 3).  
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The key secondary ischemic endpoint (composite of all-cause death, MI, or stroke) occurred in 

68 (3.8%) patients with a normal weight, 106 (3.7%) overweight, and 94 (4.2%) obese patients 

(plog-rank=0.680) (Figure 1B, Table 3). Similar to bleeding events, there was no significant 

association between BMI and any of the secondary ischemic endpoints (p>0.10 for all outcomes) 

both before and after adjustment (Table 3).  

The occurrence of NACE (composite of BARC type 3 or 5 bleeding, death, MI, or stroke) in 

normal weight (4.9%) was similar to overweight (5.0%; HR 1.03, 95% CI 0.79-1.34) and obese 

subjects (5.2%; HR 1.06, 95% CI 0.80-1.39). 

 

Standardized BMI categories and clinical safety and efficacy of ticagrelor monotherapy 

Ticagrelor monotherapy, compared with ticagrelor plus aspirin, reduced the primary endpoint of 

BARC type 2, 3, or 5 bleeding consistently in normal weight, overweight and obese patients (HR 

0.48, 95% CI 0.32-0.73; HR 0.57, 95% CI 0.41-0.78; HR 0.63, 95% CI 0.44-0.91, respectively; 

p-interaction=0.627) (Figure 2). The benefit of ticagrelor monotherapy was confirmed also for 

BARC type 3 or 5 bleeding (normal weight: HR 0.70; 95% CI 0.30-1.63; overweight: HR 0.65, 

95% CI 0.37-1.16; obese: HR 0.25, 95% CI 0.1-0.60; p-interaction=0.129) and for other bleeding 

endpoints according to the TIMI, GUSTO and ISTH scale with no effect of heterogeneity across 

the BMI categories (p-interaction>0.10 for all bleeding outcomes) (Figure 2).  

Patients randomized to ticagrelor monotherapy versus ticagrelor plus aspirin were not at higher 

risk of composite ischemic endpoint of all-cause death, MI, or stroke (normal weight: HR 1.36,  

0.84-2.19; overweight: HR 0.92, 95% CI 0.63-1.35; obese: HR 0.84, 95% CI 0.56-1.25; p-

interaction=0.290), ischemic events or NACE irrespective of the BMI category (p-

interaction>0.20 for all ischemic outcomes and for NACE) (Figure 3 and 4).  
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The adjusted multivariable Cox model provided consistent results (Supplementary Table 3). 

While treatment effects on the relative scale (HRs) were consistent, patients with higher BMI 

realized a greater absolute risk reduction with ticagrelor monotherapy as compared with 

ticagrelor plus aspirin in terms of BARC type 3 or 5 bleeding (normal weight: ARD -0.4%, 95% 

CI -1.5%, 0.6%; overweight: ARD -0.7%, 95% CI -1.6%, 0.2%; obese: ARD -1.6%, 95% CI -

2.5%, -0.6%; p-interaction=0.030) and NACE (normal weight: ARD 0.5%, 95% CI -1.5%, 2.5%; 

overweight: ARD -0.8%, 95% CI -2.4%, 0.7%; obese: ARD -2.0%, 95% CI -3.8%, -0.1%; p-

interaction=0.040). There was no heterogeneity in the treatment effect as measured by ARD for 

any of the other outcomes across the BMI categories (p-interaction> 0.05 for all other outcomes) 

(Table 4).  

 

Prespecified BMI analysis 

Among a total of 7090 patients with available information on BMI in TWILIGHT, the median 

BMI was 27.7 kg/m2. Baseline clinical and procedural characteristics of patients by median BMI 

are reported in Supplementary Table 4 and 5, and the risks for adverse events are shown in 

Supplementary Table 6. Overall baseline characteristics were consistent with those by 

standardized BMI categories and the risks of adverse events were similar between patients with a 

BMI below or above median. Supplementary Table 7 summarize the treatment effect of 

ticagrelor monotherapy vs ticagrelor plus aspirin by median BMI at one year after 

randomization. The experimental strategy reduced the occurrence of bleeding events without 

increasing the ischemic risk irrespective of having a BMI below or above median.   
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DISCUSSION 

We herein report the data from the TWILIGHT trial with respect to established BMI categories, 

as recommended by the ESC Working Group on Thrombosis. 4  

We showed that, compared to ticagrelor plus aspirin, ticagrelor monotherapy reduced bleeding 

events without any increase in the ischemic risk across different BMI categories. Although the 

relative bleeding risk reduction was similar in each category, subjects with a higher BMI, 

experienced greater absolute risk reductions in terms of major bleeding (BARC type 3 or 5) and 

NACE as compared with those with a normal weight. 

Obesity is a known important and modifiable risk factor for coronary artery disease. 27 The 

excess in adipose tissue has been shown to favor a prothrombotic and inflammatory milieu 28,29 

that may predispose to atherothrombotic events, plaque rupture and increased risk in all-cause 

and cardiovascular mortality. 12–17 However, in individuals with established vascular disease the 

association between obesity and ischemic events is more complex and not fully understood. 4 In 

some studies, overweight BMI has been shown to be associated with the lowest risk of 

cardiovascular events, the so called obesity paradox. 5,30–32 Furthermore, obese patients are also 

at higher risk for spontaneous major bleeding, including hemorrhagic strokes and major 

extracranial bleeding, the latter partly explained by the positive correlation between BMI and 

blood pressure. 11,33,34 In the TWILIGHT population, enriched with both clinical and procedural 

characteristics indicative of high bleeding and ischemic risk, we did not observe any association 

between BMI categories and adverse events, whether ischemic or hemorrhagic. This finding, 

also observed in the COMPASS trial, suggests that the high risk profile of the included 

population might attenuate this clinical association. 5 
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Obesity is known to have an impact on the pharmacokinetic and pharmacodynamic of both 

aspirin and P2Y12 inhibitors. 4,35–37 However, very few trials evaluating the clinical safety and 

efficacy of antithrombotic therapy reported data with respect to standardized BMI categories, 

making comparisons across reports challenging. 4 In the PLATO trial, non-obese patients (<30 

kg/m2) treated with ticagrelor or clopidogrel on a background of aspirin therapy experienced a 

similar rate of major bleeding (11.6% vs 11.6%, HR 0.99, 95% CI 0.89-1.09). Conversely, the 

risk of major bleeding was higher in obese subject (BMI≥30 kg/m2) treated with ticagrelor plus 

aspirin as compared with those treated with clopidogrel plus aspirin (11.6% vs 10.0%, HR 1.21, 

95% CI 1.02-1.45, p-interaction=0.05). 38 This finding may be partially explained by the higher 

hemorrhagic risk of this subset of patients, but also because obesity is a known independent 

predictor of high on-treatment platelet reactivity in individuals treated with clopidogrel. 4,35,36 

Conversely, ticagrelor has shown to have a wide therapeutic window and although the plasmatic 

concentration of both ticagrelor and its active metabolite are influenced by body weight, there is 

no evidence that obesity may impact on its safety and efficacy. 4,37,39  

Prior trials evaluated a strategy of short DAPT followed by ticagrelor monotherapy in patients 

undergoing PCI. 40,41 However, these trials enrolled a lower risk population and had an open-

label design. Furthermore they did not report data with respect to standardized BMI categories, 

therefore they did not take in consideration the different risk profiles of underweight, normal 

weight, overweight and obese patients. 41,42 This is noteworthy because pooling together 

underweight, normal weight and even overweight subjects might represent a source of bias. 

Indeed, an underweight status in patients with coronary artery disease might be associated with 

severe conditions such as “cardiac cachexia”, cancer or other comorbidities that may not be fully 

captured and accounted for. 27 Nevertheless, overall findings from these prior studies were 
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consistent with the pre-specified analysis by median BMI herein reported, and suggest that BMI 

does not influence the safety and efficacy of ticagrelor monotherapy. 41,42 We proved that the 

benefit of ticagrelor monotherapy observed in the parental trial are preserved across different 

BMI categories but obese subjects, which represent an ever-growing subgroup, 1,2 experienced 

greater absolute benefit in terms of major bleeding (BARC type 3 or 5) and NACE. Although we 

cannot provide a mechanistic explanation as pharmacodynamic and pharmacokinetic 

measurements were not collected in the main trial, available evidence supports our clinical data 

and suggests that BMI may have less impact on the efficacy of ticagrelor as compared with 

aspirin or clopidogrel. 4,35–38,38,39 Hence, among high risk obese patients, ticagrelor monotherapy 

may provide an ideal trade-off between bleeding and ischemic risk, allowing to reduce the 

bleeding events while preserving the antithrombotic benefit of DAPT. 

 

Limitations 

The present study should be interpreted in light of the following limitations. First, the analysis 

according to the recommendations from the ESC Working Group on Thrombosis was not pre-

specified in the protocol and therefore should be interpreted as hypothesis-generating. 4 Second, 

limitations of the main trial should be considered also for this sub-analysis and the present 

findings cannot be extrapolated to patients who were not enrolled at the time of PCI because of 

exclusion and inclusion criteria or to those who were not randomized because of adverse events 

occurring in the first three months. Third, as for most subgroup analyses, we were likely 

underpowered to detect significant differences, especially for ischemic events. Furthermore, we 

did not account for multiplicity thereby increasing the risk of type 1 error. Finally, given the very 

low prevalence of underweight subject (0.7% of the randomized cohort), we could not reliably 
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assess the effect of ticagrelor monotherapy in this subset of patients. However, BMI analyses 

from other trials also excluded this subgroup due to the extremely low prevalence among patients 

with cardiovascular disease. 5,6  

 

CONCLUSION 

Among high-risk patients undergoing PCI, ticagrelor monotherapy, compared with ticagrelor 

plus aspirin, reduced bleeding events without any increase in the ischemic risk across different 

BMI categories. Although risk reduction in major bleeding and NACE was similar on a relative 

scale, the absolute risk reduction was larger in obese patients. 

 

Source of Funding: Investigator-initiated grant from AstraZeneca  
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FIGURE LEGENDS 

Figure 1. Rates of BARC type 2, 3, or 5 bleeding and composite of death, MI, or stroke at 1 

year after randomization.  

Kaplan-Meier curves for incidence of BARC type 2, 3, or 5 bleeding (panel A) and the 

composite of death, MI, or stroke (panel B) at 1 year after randomization according to the 

following standardized BMI categories: normal weight (BMI=18.5-24.99 kg/m2), overweight 

(BMI=25-29.99 kg/m2), and obese (BMI≥30 kg/m2).  

BARC: Bleeding Academic Research Consortium, BMI: body mass index, HR: hazard ratio, CI: 

confidence interval, MI: myocardial infarction. 

 

Figure 3. Risk of bleeding events at 1 year.  

Forest plots showing the effect of ticagrelor plus placebo versus ticagrelor plus aspirin on the 

bleeding endpoints according to the following standardized BMI categories: normal weight 

(BMI=18.5-24.99 kg/m2), overweight (BMI=25-29.99 kg/m2), and obese (BMI≥30 kg/m2).  

Event rates at one year were estimated using the Kaplan-Meier method in the intention-to-treat 

cohorts. Hazard ratios (HR) and 95% confidence intervals (CI) with interaction p-values 

generated using Cox regression.  

BARC: Bleeding Academic Research Consortium; BARC: Bleeding Academic Research 

Consortium, TIMI: Thrombolysis in Myocardial Infarction, GUSTO: Global Utilization of 

Streptokinase and TPA for Occluded Arteries, ISTH: International Society on Thrombosis and 

Hemostasis; Tica: ticagrelor.  

* P value is for the interaction between randomized treatment assignment and BMI categories. 
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Figure 4. Risk of ischemic events at 1 year.  

Forest plots showing the effect of ticagrelor plus placebo versus ticagrelor plus aspirin on the 

ischemic events according to the following standardized BMI categories: normal weight 

(BMI=18.5-24.99 kg/m2), overweight (BMI=25-29.99 kg/m2), and obese (BMI≥30 kg/m2). 

Event rates at one year were estimated using the Kaplan-Meier method in the per-protocol 

cohorts. Hazard ratios (HR) and 95% confidence intervals (CI) with interaction p-values 

generated using Cox regression.  

BMI: body mass index; CV: cardiovascular; MI: myocardial infarction; ST: stent thrombosis; 

Tica: ticagrelor.  

* P value is for the interaction between randomized treatment assignment and BMI categories. 

 

Figure 5. Risk of NACE at 1 year.  

Forest plots showing the effect of ticagrelor plus placebo versus ticagrelor plus aspirin on the 

NACE according to the following standardized BMI categories: normal weight (BMI=18.5-24.99 

kg/m2), overweight (BMI=25-29.99 kg/m2), and obese (BMI≥30 kg/m2).  

Event rates at one year were estimated using the Kaplan-Meier method in the intention-to-treat 

cohorts. Hazard ratios (HR) and 95% confidence intervals (CI) with interaction p-values 

generated using Cox regression.  

BARC: Bleeding Academic Research Consortium; BMI: body mass index; NACE: net adverse 

clinical events, including BARC type 3 or 5, all-cause death, MI, and stroke; Tica: ticagrelor.  

* P value is for the interaction between randomized treatment assignment and BMI categories. 
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Graphical Abstract. Benefit of ticagrelor monotherapy vs ticagrelor plus aspirin by 

standardized BMI categories.  

Effects of ticagrelor plus placebo versus ticagrelor plus aspirin on bleeding and ischemic events 

across standardized BMI categories (normal weight: BMI 18.5-24.99 kg/m2; overweight: BMI 

25-29.99 kg/m2; obese: BMI≥30 kg/m2) in patients who tolerated 3 months of DAPT after PCI 

with a drug-eluting stent.  

ARR: absolute risk reduction, BARC: Bleeding Academic Research Consortium, CI: confidence 

interval, DAPT: dual antiplatelet therapy, HR: hazard ratio, MI: myocardial infarction, NACE: 

net adverse clinical events (including BARC type 3 or 5, all-cause death, MI, and stroke), PCI: 

percutaneous coronary intervention. 

P-interaction is for the treatment-by-subgroups interaction with respect to events ARR of 

ticagrelor monotherapy vs ticagrelor plus placebo among standardized BMI categories. 

The percentages represent Kaplan-Meier rates at 12 months after randomization.
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TABLES 

Table 1. Baseline clinical characteristics by standardized BMI categories. 

Clinical parameters 

Overall 

N=7038 

Normal  

N=1807 (25.7%) 

Overweight  

N=2927 (41.6%) 

Obese  

N=2304 (32.7%) 

P-value 

Age, years 63.9±10.2 65.4±10.2 64.1±10.2 62.3±9.9 <.001 

Female sex 1677 (23.8%) 498 (27.6%) 578 (19.7%) 601 (26.1%) <.001 

Nonwhite race 2147 (30.5%) 845 (46.8%) 893 (30.5%) 409 (17.8%) <.001 

Enrolling region     <.001 

North America 2952 (41.9%) 474 (26.2%) 1078 (36.8%) 1400 (60.8%)  

Europe 2489 (35.4%) 592 (32.8%) 1159 (39.6%) 738 (32.0%)  

Asia 1597 (22.7%) 741 (41.0%) 690 (23.6%) 166 (7.2%)  

Diabetes 2605 (37.0%) 516 (28.6%) 1018 (34.8%) 1071 (46.5%) <.001 

Diabetes treated with 

insulin 

707 (27.1%) 115 (22.3%) 256 (25.1%) 336 (31.4%) <.001 
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Clinical parameters 

Overall 

N=7038 

Normal  

N=1807 (25.7%) 

Overweight  

N=2927 (41.6%) 

Obese  

N=2304 (32.7%) 

P-value 

Chronic kidney disease 1102 (16.3%) 255 (14.7%) 442 (15.7%) 405 (18.3%) 0.005 

Anemia 1309 (19.4%) 426 (24.6%) 501 (17.8%) 382 (17.3%) <.001 

Current smoker 1521 (21.6%) 420 (23.2%) 647 (22.1%) 454 (19.7%) 0.017 

Hypercholesterolemia 4274 (60.7%) 806 (44.6%) 1753 (59.9%) 1715 (74.4%) <.001 

Hypertension 5109 (72.6%) 1148 (63.6%) 2092 (71.5%) 1869 (81.1%) <.001 

Peripheral arterial disease 484 (6.9%) 122 (6.8%) 203 (6.9%) 159 (6.9%) 0.969 

Previous MI 2017 (28.7%) 488 (27.0%) 834 (28.5%) 695 (30.2%) 0.082 

Previous PCI 2975 (42.3%) 644 (35.6%) 1273 (43.5%) 1058 (45.9%) <.001 

Previous CABG 708 (10.1%) 119 (6.6%) 281 (9.6%) 308 (13.4%) <.001 

Previous major bleed 60 (0.9%) 15 (0.8%) 26 (0.9%) 19 (0.8%) 0.963 

Indication for PCI     <.001 

Stable CAD 2488 (35.4%) 569 (31.5%) 1045 (35.7%) 874 (37.9%)  
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Clinical parameters 

Overall 

N=7038 

Normal  

N=1807 (25.7%) 

Overweight  

N=2927 (41.6%) 

Obese  

N=2304 (32.7%) 

P-value 

ACS 4548 (64.6%) 1236 (68.5%) 1882 (64.3%) 1430 (62.1%)  

 

BMI: body mass index, MI: myocardial infarction, PCI: percutaneous coronary intervention, CABG: coronary artery bypass graft, CAD: 

coronary artery disease, ACS: acute coronary syndrome.
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Table 2. Baseline procedural characteristics by standardized BMI categories. 

Procedural 

characteristics 

Overall 

N=7038 

Normal  

N=1807 (25.7%) 

Overweight  

N=2927 (41.6%) 

Obese  

N=2304 (32.7%) 

P-value 

Radial artery access 5123 (72.8%) 1403 (77.6%) 2164 (73.9%) 1556 (67.5%) <.001 

Multivessel CAD 4414 (62.7%) 1124 (62.2%) 1844 (63.0%) 1446 (62.8%) 0.858 

Target vessel      

Left Main 344 (4.9%) 103 (5.7%) 145 (5.0%) 96 (4.2%) 0.075 

LAD 3952 (56.2%) 1085 (60.0%) 1636 (55.9%) 1231 (53.4%) <.001 

LCX 2265 (32.2%) 582 (32.2%) 947 (32.4%) 736 (31.9%) 0.951 

RCA 2470 (35.1%) 614 (34.0%) 1040 (35.5%) 816 (35.4%) 0.512 

Number of vessels treated 1.3±0.5 1.3±0.5 1.3±0.5 1.2±0.5 <.001 

Number of lesions treated 1.5±0.7 1.6±0.8 1.5±0.7 1.5±0.7 0.010 

Lesion morphology      
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Procedural 

characteristics 

Overall 

N=7038 

Normal  

N=1807 (25.7%) 

Overweight  

N=2927 (41.6%) 

Obese  

N=2304 (32.7%) 

P-value 

Moderate/severe 

calcification 

978 (13.9%) 228 (12.6%) 424 (14.5%) 326 (14.1%) 0.179 

Bifurcation 858 (12.2%) 242 (13.4%) 349 (11.9%) 267 (11.6%) 0.181 

Total occlusion 435 (6.2%) 116 (6.4%) 194 (6.6%) 125 (5.4%) 0.178 

Thrombotic 739 (10.5%) 160 (8.9%) 315 (10.8%) 264 (11.5%) 0.022 

Total stent length, mm 39.8±24.1 43.0±26.0 40.2±24.0 36.7±22.4 <.001 

Minimum stent diameter, 

mm 

2.8±0.5 2.8±0.4 2.9±0.5 2.9±0.5 0.016 

Complex PCI* 2304 (32.7%) 652 (36.1%) 979 (33.4%) 673 (29.2%) <.001 

 

BMI: body mass index, CAD: coronary artery disease, LAD: left anterior descending, LCX: left circumflex, RCA: right coronary artery, 

PCI: percutaneous coronary intervention. 
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*Complex PCI is defined as any of the following: 3 vessels treated, ≥ 3 lesions treated, total stent length > 60 mm, bifurcation with 2 

stents implanted, atherectomy device use, left main PCI, surgical bypass graft or chronic total occlusion as target lesions. 
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Table 3. Adverse events by standardized BMI categories at one year randomization. 

 Event (%) HR (95% CI) p-value AHR (95% CI)* p-value 

Bleeding outcomes *      

BARC 2, 3, or 5      

Normal weight 101 (5.7%) Ref.  Ref.  

Overweight 164 (5.7%) 1.00 (0.78 - 1.28) 0.985 1.03 (0.79 - 1.34) 0.821 

Obese 120 (5.3%) 0.94 (0.72 - 1.22) 0.626 0.84 (0.63 - 1.14) 0.265 

BARC 3 or 5      

Normal weight 22 (1.2%) Ref.  Ref.  

Overweight 48 (1.7%) 1.35 (0.81 - 2.23) 0.245 1.44 (0.85 - 2.44) 0.176 

Obese 30 (1.3%) 1.08 (0.62 - 1.87) 0.793 0.96 (0.52 - 1.78) 0.898 

TIMI major      

Normal weight 10 (0.6%) Ref.  Ref.  
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 Event (%) HR (95% CI) p-value AHR (95% CI)* p-value 

Overweight 23 (0.8%) 1.42 (0.68 - 2.98) 0.354 1.45 (0.68 - 3.09) 0.339 

Obese 17 (0.8%) 1.34 (0.61 - 2.93) 0.460 1.27 (0.54 - 3.00) 0.583 

GUSTO moderate or severe      

Normal weight 18 (1.0%) Ref.  Ref.  

Overweight 32 (1.1%) 1.10 (0.62 - 1.95) 0.753 1.29 (0.71 - 2.35) 0.409 

Obese 24 (1.1%) 1.05 (0.57 - 1.94) 0.871 1.15 (0.58 - 2.30) 0.685 

ISTH major      

Normal weight 26 (1.5%) Ref.  Ref.  

Overweight 51 (1.8%) 1.21 (0.76 - 1.94) 0.426 1.28 (0.78 - 2.11) 0.335 

Obese 31 (1.4%) 0.94 (0.56 - 1.58) 0.816 0.79 (0.44 - 1.42) 0.428 

Ischemic outcomes †      

Death, MI, or stroke      
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 Event (%) HR (95% CI) p-value AHR (95% CI)* p-value 

Normal weight 68 (3.8%) Ref.  Ref.  

Overweight 106 (3.7%) 0.96 (0.71 - 1.31) 0.811 0.81 (0.59 - 1.12) 0.203 

Obese 94 (4.2%) 1.09 (0.80 - 1.49) 0.591 0.80 (0.57 - 1.14) 0.216 

Cardiovascular death, MI or ischemic 

stroke 

     

Normal weight 61 (3.4%) Ref.  Ref.  

Overweight 102 (3.6%) 1.03 (0.75 - 1.42) 0.837 0.88 (0.63 - 1.23) 0.455 

Obese 89 (4.0%) 1.15 (0.83 - 1.59) 0.400 0.88 (0.61 - 1.26) 0.470 

All-cause death      

Normal weight 19 (1.1%) Ref.  Ref.  

Overweight 29 (1.0%) 0.94 (0.53 - 1.68) 0.845 0.79 (0.44 - 1.43) 0.440 

Obese 27 (1.2%) 1.12 (0.62 - 2.01) 0.714 0.77 (0.40 - 1.45) 0.413 

Cardiovascular death      
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 Event (%) HR (95% CI) p-value AHR (95% CI)* p-value 

Normal weight 12 (0.7%) Ref.  Ref.  

Overweight 25 (0.9%) 1.29 (0.65 - 2.56) 0.471 1.09 (0.54 - 2.20) 0.804 

Obese 22 (1.0%) 1.45 (0.72 - 2.92) 0.304 1.07 (0.50 - 2.28) 0.863 

MI      

Normal weight 45 (2.5%) Ref.  Ref.  

Overweight 77 (2.7%) 1.06 (0.73 - 1.53) 0.765 0.87 (0.59 - 1.28) 0.479 

Obese 66 (3.0%) 1.16 (0.79 - 1.69) 0.454 0.82 (0.54 - 1.25) 0.353 

Ischemic stroke      

Normal weight 8 (0.5%) Ref.  Ref.  

Overweight 9 (0.3%) 0.70 (0.27 - 1.80) 0.455 0.75 (0.28 - 1.98) 0.558 

Obese 7 (0.3%) 0.69 (0.25 - 1.90) 0.474 0.77 (0.25 - 2.40) 0.657 

Stent thrombosis (definite/probable)      
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 Event (%) HR (95% CI) p-value AHR (95% CI)* p-value 

Normal weight 6 (0.3%) Ref.  Ref.  

Overweight 11 (0.4%) 1.13 (0.42 - 3.07) 0.804 0.86 (0.31 - 2.36) 0.771 

Obese 16 (0.7%) 2.11 (0.82 - 5.39) 0.119 1.12 (0.40 - 3.09) 0.834 

NACE *      

Normal weight 88 (4.9%) Ref.  Ref.  

Overweight 146 (5.0%) 1.03 (0.79 - 1.34) 0.849 0.90 (0.68 - 1.19) 0.465 

Obese 118 (5.2%) 1.06 (0.80 - 1.39) 0.692 0.80 (0.59 - 1.09) 0.162 

 

HR: hazard ratio, AHR: adjusted hazard ratio, CI: confidence interval, BARC: Bleeding Academic Research Consortium, TIMI: 

Thrombolysis in Myocardial Infarction, GUSTO: Global Utilization of Streptokinase and TPA for Occluded Arteries, ISTH: 

International Society on Thrombosis and Hemostasis, MI: myocardial infarction, NACE: net adverse clinical events, including BARC 

3 or 5, all-cause death, MI, and stroke. 

*Bleeding outcomes and NACE were analyzed in the intention-to-treat cohort. 

†Ischemic outcomes were analyzed in the per-protocol cohort. 
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Model adjusted for age (years), gender, nonwhite race, enrolling region, diabetes, chronic kidney disease, anemia, current smoker, 

hypercholesterolemia, hypertension, previous PCI, previous CABG, indication for PCI, and complex PCI. 

The percentages mentioned above represent K-M rates at 12 months after randomization. 
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Table 4. Absolute risk differences between ticagrelor monotherapy and ticagrelor plus aspirin by standardized BMI category at one year 

after randomization. 

 Ticagrelor+Placebo Ticagrelor+Aspirin ARD (95% CI) p-value p-interaction  

 no. of events (%)    

Bleeding outcomes*      

BARC 2, 3, or 5      

Normal weight 33 (3.7%) 68 (7.6%) -3.9% (-6.0%, -1.7%) < 0.001 0.371 

Overweight 60 (4.1%) 104 (7.2%) -3.1% (-4.7%, -1.4%) < 0.001  

Obese 47 (4.2%) 73 (6.5%) -3.1% (-4.7%, -1.4%) < 0.001  

BARC 3 or 5      

Normal weight 9 (1.0%) 13 (1.4%) -0.4% (-1.5%, 0.6%) 0.402 0.030 

Overweight 19 (1.3%) 29 (2.0%) -0.7% (-1.6%, 0.2%) 0.140  

Obese 6 (0.5%) 24 (2.1%) -1.6% (-2.5%, -0.6%) 0.001  

TIMI major      
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 Ticagrelor+Placebo Ticagrelor+Aspirin ARD (95% CI) p-value p-interaction  

 no. of events (%)    

Normal weight 3 (0.3%) 7 (0.8%) -0.4% (-1.1%, 0.2%) 0.206 0.386 

Overweight 9 (0.6%) 14 (1.0%) -0.4% (-1.0%, 0.3%) 0.286  

Obese 5 (0.4%) 12 (1.1%) -0.6% (-1.3%, 0.1%) 0.090  

GUSTO moderate or severe      

Normal weight 7 (0.8%) 11 (1.2%) -0.4% (-1.4%, 0.5%) 0.351 0.182 

Overweight 12 (0.8%) 20 (1.4%) -0.6% (-1.3%, 0.2%) 0.150  

Obese 7 (0.6%) 17 (1.5%) -0.9% (-1.7%, -0.0%) 0.041  

ISTH major      

Normal weight 10 (1.1%) 16 (1.8%) -0.7% (-1.8%, 0.5%) 0.245 0.135 

Overweight 22 (1.5%) 29 (2.0%) -0.5% (-1.4%, 0.5%) 0.315  

Obese 7 (0.6%) 24 (2.1%) -1.5% (-2.5%, -0.5%) 0.002  
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 Ticagrelor+Placebo Ticagrelor+Aspirin ARD (95% CI) p-value p-interaction  

 no. of events (%)    

Ischemic outcomes†      

Death, MI, or stroke      

Normal weight 39 (4.4%) 29 (3.3%) 1.1% (-0.7%, 2.9%) 0.215 0.126 

Overweight 51 (3.5%) 55 (3.9%) -0.3% (-1.7%, 1.1%) 0.651  

Obese 43 (3.8%) 51 (4.6%) -0.7% (-2.4%, 0.9%) 0.384  

Cardiovascular death, MI or ischemic stroke     

Normal weight 33 (3.7%) 28 (3.2%) 0.6% (-1.1%, 2.3%) 0.506 0.312 

Overweight 50 (3.5%) 52 (3.6%) -0.2% (-1.5%, 1.2%) 0.794  

Obese 41 (3.6%) 48 (4.3%) -0.6% (-2.3%, 1.0%) 0.437  

All-cause death      

Normal weight 10 (1.1%) 9 (1.0%) 0.1% (-0.8%, 1.1%) 0.821 0.152 
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 Ticagrelor+Placebo Ticagrelor+Aspirin ARD (95% CI) p-value p-interaction  

 no. of events (%)    

Overweight 12 (0.8%) 17 (1.2%) -0.4% (-1.1%, 0.4%) 0.330  

Obese 10 (0.9%) 17 (1.5%) -0.6% (-1.5%, 0.3%) 0.173  

Cardiovascular death      

Normal weight 5 (0.6%) 7 (0.8%) -0.2% (-1.0%, 0.5%) 0.567 0.420 

Overweight 11 (0.8%) 14 (1.0%) -0.2% (-0.9%, 0.5%) 0.526  

Obese 8 (0.7%) 14 (1.3%) -0.5% (-1.4%, 0.3%) 0.194  

MI      

Normal weight 26 (2.9%) 19 (2.2%) 0.8% (-0.7%, 2.3%) 0.292 0.242 

Overweight 37 (2.6%) 40 (2.8%) -0.2% (-1.4%, 0.9%) 0.694  

Obese 31 (2.8%) 35 (3.1%) -0.4% (-1.8%, 1.0%) 0.597  

Ischemic stroke      
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 Ticagrelor+Placebo Ticagrelor+Aspirin ARD (95% CI) p-value p-interaction  

 no. of events (%)    

Normal weight 5 (0.6%) 3 (0.3%) 0.2% (-0.4%, 0.9%) 0.475 0.584 

Overweight 6 (0.4%) 3 (0.2%) 0.2% (-0.2%, 0.6%) 0.325  

Obese 5 (0.4%) 2 (0.2%) 0.3% (-0.2%, 0.7%) 0.253  

Stent thrombosis (definite/probable)     

Normal weight 4 (0.5%) 2 (0.2%) 0.2% (-0.3%, 0.8%) 0.414 0.096 

Overweight 5 (0.3%) 6 (0.4%) -0.1% (-0.5%, 0.4%) 0.742  

Obese 5 (0.4%) 11 (1.0%) -0.5% (-1.2%, 0.2%) 0.130  

NACE*      

Normal weight 46 (5.2%) 42 (4.7%) 0.5% (-1.5%, 2.5%) 0.629 0.040 

Overweight 67 (4.6%) 79 (5.5%) -0.8% (-2.4%, 0.7%) 0.295  

Obese 48 (4.2%) 70 (6.2%) -2.0% (-3.8%, -0.1%) 0.036  
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ARD: absolute risk difference, CI: confidence interval, BARC: Bleeding Academic Research Consortium, TIMI: Thrombolysis in 

Myocardial Infarction, GUSTO: Global Utilization of Streptokinase and TPA for Occluded Arteries, ISTH: International Society on 

Thrombosis and Hemostasis, MI: myocardial infarction, NACE: net adverse clinical events, including BARC 3 or 5, all-cause death, 

MI, and stroke. 

*Bleeding outcomes and NACE were analyzed in the intention-to-treatment cohort 

†Ischemic outcomes were analyzed in the per-protocol cohort. 

P-interaction is the p-value for the interaction test between randomized treatment assignment and BMI categories. 

The percentages mentioned above represent K-M rates at 12 months after randomization. 

  



48 

 

Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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Graphical abstract 
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