
European Heart Journal - Cardiovascular Pharmacotherapy (2023) 9, 47–57
https://doi.org/10.1093/ehjcvp/pvac042

ORIGINAL ARTICLE
Thrombosis and antithrombotic

therapy

Edoxaban for stroke prevention in atrial
fibrillation and age-adjusted predictors of
clinical outcomes in routine clinical care
Paulus Kirchhof 1,2,3, Ladislav Pecen 4, Ameet Bakhai5, Carlo de Asmundis6,
Joris R. de Groot7,8, Jean Claude Deharo9, Peter Kelly10, Pierre Levy11,
Esteban Lopez-de-Sa12, Pedro Monteiro13, Jan Steffel 14,
Johannes Waltenberger 15,16, Thomas W. Weiss17, Petra Laeis18,
Marius Constantin Manu18, José Souza18 and Raffaele De Caterina 19,∗; on behalf
of the ETNA-AF-Europe investigators
1Institute of Cardiovascular Sciences, University of Birmingham, IBR 136, Wolfson Drive, Birmingham B15 2TT, UK; 2Department of Cardiology, University Heart and Vascular Centre
Hamburg, University Medical Centre Hamburg Eppendorf, Martinistraße 52, 20246 Hamburg, Germany; 3German Center for Cardiovascular Sciences (DZHK), partner site
Hamburg/Kiel/Lübeck, Germany; 4Department of Statistical Modelling, Institute of Computer Science of the Czech Academy of Sciences, Pod Vodarenskou vezi 271/2, 182 07 Prague,
Czech Republic; 5Department of Cardiology, Royal Free London NHS Foundation Trust, Pond Street, London NW3 2QG, UK; 6Heart Rhythm Management Centre, Postgraduate
Program in Cardiac Electrophysiology and Pacing, Vrije Universiteit Brussel, Universitair Ziekenhuis Brussel, Laarbeeklaan 101, 1090 Jette, Brussels, Belgium; 7Amsterdam UMC
location University of Amsterdam, Cardiology, Meibergrdreef 9, 1105 AZ Amsterdam, the Netherlands; 8Amsterdam Cardiovascular Sciences, Heart Failure and Arrhythmias, 1105 AZ
Amsterdam, the Netherlands; 9AP-HM, Aix Marseille University, Hospital Timone, Cardiologie, Rythmologie, 264 rue Saint-Pierre, 13005, Marseille, France; 10Department of
Neurology, HRB Stroke Clinical Trials Network Ireland, University College Dublin/Mater Misericordiae University Hospital, Eccles St, Northside, D07 R2WY Dublin, Ireland;
11Department of Economics, Universite Paris-Dauphine, PSL Research University, LEDa-LEGOS, 75775 Paris, France; 12Cardiological Intensive Care Unit, Cardiology Service, Hospital
Universitario La Paz, IDIPAZ, CIBERCV, 28046 Madrid, Spain; 13Department of Cardiology, Centro Hospitalar e Universitario de Coimbra, Praceta Mota Pinto 3000-075 Coimbra,
Portugal; 14Department of Cardiology and Invasive Electrophysiology, Heart Clinic Hirslanden, Witellikerstrasse 40, 8032 Zürich, Switzerland; 15Chair of Cardiology and Vascular
Medicine, University of Munster, Schlossplatz 2, 48149 Munster, Germany; 16Diagnostic and Therapeutic Heart Center, Kappelistr. 35, 8002 Zurich, Switzerland; 17Institute for
Cardiometabolic Diseases, Karl Landsteiner Society, 3100 St. Polten, Austria; 18Daiichi Sankyo Europe GmbH, Zielstattstr. 48, 81379 Munich, Germany; and 19Department of Surgical,
Medical, Molecular Pathology and Critical Care Medicine, University of Pisa, First Division of Cardiology, Pisa University Hospital, 56124 Pisa, Italy; and Fondazione VillaSerena per la
Ricerca, Città Sant’Angelo, Pescara, Italy

Received 12 May 2022; revised 11 July 2022; accepted 22 July 2022; online publish-ahead-of-print 26 July 2022

Aims Patients with atrial fibrillation (AF) treated with oral anticoagulation still suffer from cardiovascular complications including
cardiovascular death, stroke, and major bleeding. To identify risk factors for predicting stroke and bleeding outcomes in
anticoagulated patients, we assessed 2-year outcomes in patients with AF treated with edoxaban in routine care. We
also report the age-adjusted risk predictors of clinical outcomes.
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Methods and
results

The Edoxaban Treatment in Routine Clinical Practice for PatientsWith Non-Valvular Atrial Fibrillation (ETNA-AF) Europe
(NCT02944019) is a prospective, multi-centre, post-authorisation, observational study with an overall 4-year follow-up
conducted in 825 centres enrolling edoxaban-treated patients in 10 European countries. Of the 13 133 patients with
AF (mean age: 73.6 ± 9.5 years), 5682 (43.3%) were female. At the 2-year follow-up, 9017/13 133 patients were still on
edoxaban; 1830 discontinued treatment including 937 who died (annualised event rate of all-cause death was 3.87%). 518
(2.14%) patients died of cardiovascular causes; 234 (0.97%) experienced major bleeding and 168 (0.70%) experienced
stroke or systemic embolic events (SEE). Intracranial haemorrhage was noted in 49 patients (0.20%). History of transient
ischaemic attack (TIA) at baseline was the strongest predictor of ischaemic stroke or SEE (Wald χ2: 73.63; P < 0.0001).
Low kidney function at baseline was the strongest predictor of major bleeding (Wald χ2: 30.68; P < 0.0001). History
of heart failure (HF) was the strongest predictor of all-cause (Wald χ2: 146.99; P < 0.0001) and cardiovascular death
(Wald χ2: 100.38; P < 0.0001).
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Conclusion Patients treated with edoxaban in ETNA-AF-Europe reported low 2-year event rates in unselected AF patients. Prior
stroke, reduced kidney function, and HF identify patients at high risk of stroke, bleeding and all-cause/cardiovascular
death, respectively.
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Graphical Abstract

Age-adjusted predictors of clinical outcomes in the ETNA-AF-Europe Registry.
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Introduction
Anticoagulation is key in the management of stroke prevention in
atrial fibrillation (AF). Findings from landmark randomised clinical tri-
als (RCTs) of non-vitamin K antagonist oral anticoagulants (NOACs)
demonstrated that, compared with vitamin K antagonists (VKAs),
NOACs are at least non-inferior in preventing ischaemic stroke and
systemic embolic events (SEE) and have a better safety profile, with a
distinctly decreased risk of intracranial haemorrhage (ICH).1

Edoxaban, a NOAC, is indicated in the prevention of stroke and
SEE in adult patients with ‘non-valvular’ AF (NVAF) with one or more
risk factors. Data from ENGAGE AF-TIMI 48, the Phase III RCT of
edoxaban vs. warfarin, may not be fully generalisable to the AF popu-
lation due to exclusion criteria, closer monitoring of patients than in
everyday life, and potential selection bias.2 Besides, the current guide-
lines for the diagnosis and management of AF1 and the 2021 EHRA
Practical Guide on use of NOACs in AF3 emphasise shared decision
making and patient-centred organization of integrated care of AF pa-
tients to help with adherence to long-term anticoagulation therapy.
Therefore, it is important to know how patients present in routine
care outside the confines of the controlled trials setting.
In addition, despite oral anticoagulation for AF, 1–4% of antico-

agulated AF patients still suffer from stroke or SEE and ∼2% ex-
perience a major bleed annually.4–6 Early rhythm control7 and im-
proved detection and therapy of concomitant cardiovascular condi-
tions1 can reduce this morbidity. Recent research has therefore fo-
cussed on identifying risk factors that could be helpful in identifying pa-
tients at high-risk of cardiovascular events on anticoagulation.4 Various
patient characteristics have been identified as independent risk fac-
tors for bleeding8 and a substantial number of bleeding events might

be prevented if these are identified and modified upstream, where
possible.
The Edoxaban Treatment in Routine Clinical Practice for Patients

With Non-Valvular Atrial Fibrillation (ETNA-AF-Europe) study, con-
ducted in unselected European patients with AF, gives valuable con-
temporary data on how patients with AF and an indication for NOAC
fare in a real world setting. Here we present outcomes from ETNA-
AF-Europe and age-adjusted risk predictors of clinical outcomes dur-
ing the two-year period.

Methods
The design of ETNA-AF-Europe has previously been published.9 Briefly,
ETNA-AF-Europe (Clinicaltrials.gov: NCT02944019) is a prospective,
multi-national, multi-centre, post-authorisation, observational study con-
ducted in 825 centres that enrolled at least one patient treated with edox-
aban in 10 European countries (Austria, Belgium, Germany, Ireland, Italy,
The Netherlands, Portugal, Spain, Switzerland, and United Kingdom).9,10

ETNA-AF-Europe is part of the global ETNA initiative, which comprises
separate, non-interventional prospective ETNA-AF registries in Europe,
East Asia, and Japan. The study was approved by the institutional review
boards and independent Ethics Committees for all participating centres in
compliance with Guidelines for Good Pharmacoepidemiological Practice
(GPP). All participants provided written informed consent.

Eligible patients were unselected routine patients with AF treated with
edoxaban. Explicit exclusion criteria were not defined. Details of the inclu-
sion criteria and secondary objectives can be found in the design paper.9

The overall ETNA-AF-Europe study will follow patients for four years.
Here we report data of 2 years based on a data snapshot dated 26 Oc-
tober 2020. Overall, 13 167 patients were included in the full analysis set.
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Most patients received edoxaban 60 and 30 mg doses; however, a few
patients received edoxaban 15 mg/other/unspecified edoxaban doses.

Study outcomes
The study outcomes were bleeding events [major, clinically relevant non-
major (CRNM), and ICH as defined by the International Society on Throm-
bosis and Haemostasis] for evaluating safety; and clinical events, includ-
ing death [all-cause and cardiovascular (CV) death], any stroke or SEE,
ischaemic stroke, and myocardial infarction, for evaluating effectiveness.
Events were adjudicated by a central committee. Age-adjusted risk predic-
tors of major bleeding, ischaemic stroke/SEE [including transient ischaemic
stroke (TIA)], all-cause death and CV death were also assessed.

Statistical analysis
Baseline characteristics are summarised descriptively as frequencies [n %]
or mean value ± standard deviation [SD]. Subjective frailty was cate-
gorised using a yes/no option, as perceived by physicians as a personal
judgement, without any mandated protocol. Adjudicated annualised event
rates (%/year) are presented for the safety and efficacy outcomes. Annu-
alised event rates used sum-of-time accumulated events by all patients
using a censoring approach. Therefore, bias due to loss to follow-up
is not expected. Unadjusted hazard ratios (HRs) [95% confidence in-
terval (CI)] and adjusted* HRs (95% CI) also taking competing risk of
all-cause-death into account, were calculated for stroke and bleeding
outcomes.

*For any stroke and SEE, and ischaemic stroke, results were adjusted
for age, TIA, CHA2DS2-VASC, history of ischaemic stroke, and HAS-
BLED. For haemorrhagic stroke (i.e. not an ischaemic event but a brain
bleed) and all bleeding events, data were adjusted for age, estimated crea-
tinine clearance (eCrCl) by Cockcroft–Gault Equation, HAS-BLED, frailty,
history of heart failure (HF), history of major or CRNM bleeding, and
history of chronic obstructive pulmonary disease (COPD). Optimal cat-
egorical split from five proposed categorisations of the adjustment fac-
tors (including BMI, CrCl, and body weight) was selected by a stepwise
procedure (also considering no categorisation, i.e. including a continuous
variable).

Cumulative incidence curves of all outcomes were calculated from start
of treatment to date of last dose using the Kaplan–Meier method; if two
or more time-to-event data were compared then the log-rank test was
used in an exploratory manner.

Univariate and multivariate Cox proportional hazards analyses were
performed to compare the effects of different factors and to simultane-
ously evaluate the effect of several risk factors. Analyses were adjusted
for age.

Results
Baseline characteristics
A total of 13 133 patients with AF [edoxaban 60 mg: n = 10 036
(76.4%); edoxaban 30 mg: n = 3097 (23.6%)] were included in the 2-
year analysis (Supplementary material online, Figure S1). Patient char-
acteristics at baseline are summarised in Table 1. The mean age of pa-
tients was 73.6 ± 9.5 years, with ∼85% of the patients aged > 65
years. Mean CHA2DS2-VASc score was 3.2 and mean HAS-BLED
score was 2.5; mean scores were higher in patients receiving edox-
aban 30 mg vs. edoxaban 60 mg. Mean weight was 81.0 ± 17.3 kg,
and eCrCl was 74.3 ± 30.4 ml/min. 14.1% had a history of HF at
baseline.
Overall, 11.5% of the patients were perceived to be frail; with the

proportion of frail patients being higher in the cohort receiving edox-
aban 30 mg vs. 60 mg (Table 1).
By the end of the 2-year period, 68.7% (9017/13 133) of patients

were still on edoxaban and alive, 1830 discontinued treatment includ-
ing 532/13 133 (4.1%) died on edoxaban or within 3 days of the last

Figure 1 Annualised event rates (%/year) of clinical outcomes in
the overall population during the 2-year follow-up.

edoxaban dose, and 1298/13 133 (9.9%) died and had permanently
discontinued edoxaban >3 days before death or discontinued edoxa-
ban whilst living. The remaining 2286 patients (17.4%) were lost to
follow-up or discontinued from the study whilst living and receiv-
ing edoxaban. Overall adherence to label recommended dose was
high (83.1%), with higher adherence to edoxaban 60 mg vs. edoxaban
30 mg (Table 1).

Clinical outcomes during the 2-year
follow-up
Annualised event rates of death due to any cause and CV death
in the overall study population were 3.87% and 2.14%, respectively
(Figure 1). Annualised event rates of any stroke or SEE, ischaemic
stroke, and haemorrhagic stroke in the overall study population were
0.70%, 0.51%, and 0.10%, respectively (Figure 1).
Proportionately, more deaths were observed in patients receiv-

ing edoxaban 30 mg compared with those receiving the full dose
of 60 mg (Figure 1). The rates of any stroke or SEE and ischaemic
stroke were also higher in patients receiving edoxaban 30 mg vs. those
receiving edoxaban 60 mg (Figure 1) (unadjusted HR: 1.66, 95% CI:
1.21–2.30; P = 0.0020; and unadjusted HR: 1.81, 95% CI: 1.25–2.63;
P = 0.0016, respectively); however, no differences in rates of haem-
orrhagic stroke were observed between the dose groups (unadjusted
HR: 0.95; 95% CI: 0.35–2.55; P = 0.9133). After adjustment for pre-
dictors of stroke and calculation of competing risk of all-cause-death,
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Table 1 Demographics and baseline characteristics of the overall population during the 2-year follow-up period

Total
[N = 13 133]

(100.0%)

60 mg
[N = 10 036]

(76.4%)

30 mg
[N = 3097]
(23.6%)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Male, n (%) 7451 (56.7) 6084 (60.6) 1367 (44.1)
Age (years), mean (SD) 73.6 (9.5) 71.8 (9.1) 79.5 (7.9)
Age [years], n (%)

< 65 1995 (15.2) 1862 (18.6) 133 (4.3)
(65, 75) 4449 (33.9) 3891 (38.8) 558 (18.0)
(75, 85) 5313 (40.5) 3756 (37.4) 1557 (50.3)
≥ 85 1375 (10.5) 527 (5.3) 848 (27.4)

Weight [kg], mean (SD) 81.0 (17.3) 83.5 (16.7) 72.9 (16.6)
Recalc. CrCl (CG formula) [ml/min], mean (SD) 74.3 (30.4) 82.1 (29.1) 50.4 (19.7)
Recalc. CrCl* (CG formula) [ml/min], n (%)

≥ 80 4127 (36.1) 3907 (45.3) 220 (7.8)
(50; 80) 4914 (43.0) 4008 (46.5) 906 (32.2)
(30; 50) 2107 (18.4) 675 (7.8) 1432 (50.9)
(15; 30) 289 (2.5) 36 (0.4) 253 (9.0)
< 15 3 (0.0) 1 (0.0) 2 (0.1)

Recalc. CHA2DS2-VASc,† mean (SD) 3.2 (1.4) 3.0 (1.4) 3.9 (1.3)
Recalc. mod. HAS-BLED,‡ mean (SD) 2.5 (1.1) 2.4 (1.1) 2.9 (1.1)
Type of AF, n (%)

Paroxysmal 7056 (53.8) 5494 (54.9) 1562 (50.5)
Persistent 3175 (24.2) 2519 (25.2) 656 (21.2)
Long-standing persistent 320 (2.4) 232 (2.3) 88 (2.8)
Permanent 2557 (19.5) 1769 (17.7) 788 (25.5)

Perceived frailty, n (%) 1405 (11.5) 622 (6.6) 783 (27.2)
COPD 1207 (9.2) 831 (8.3) 376 (12.1)
LVEF categorised by 40%§

<40% 671 (7.6) 431 (6.3) 240 (11.8)
≥40% 8177 (92.4) 6378 (93.7) 1799 (88.2)

Hypertension, n (%) 10 129 (77.1) 7634 (76.1) 2495 (80.6)
Heart failure (derived),# n (%) 1854 (14.1) 1191 (11.9) 663 (21.4)
History of ischaemic stroke, n (%) 787 (6.0) 574 (5.7) 213 (6.9)
History of TIA, n (%) 448 (3.4) 330 (3.3) 118 (3.8)
History of any bleeding, n (%) 428 (3.3) 259 (2.6) 169 (5.5)
History of major or CRNM bleeding, n (%) 273 (2.1) 162 (1.6) 111 (3.6)
History of major bleeding, n (%) 136 (1.0) 82 (0.8) 54 (1.7)
Valvular disease, n (%) 2286 (17.4) 1599 (15.9) 687 (22.2)
Overall adherence to SmPC, n (%)

Rec. edoxaban dose at baseline 10 908/13 133
(83.1)

8916/10 036
(88.8)

1992/3097 (64.3)

Non-rec. edoxaban dose at baseline 2225/13 133
(16.9)

1120/10 036
(11.2)

1105/3097 (35.7)

Geographic region, n (%)
BeNeLux 2546 (19.4) 2166 (21.6) 380 (12.3)
DACH 5487 (41.8) 4227 (42.1) 1260 (40.7)
Iberia 927 (7.1) 704 (7.0) 223 (7.2)
Italy 3332 (25.4) 2285 (22.8) 1047 (33.8)
UK & Ireland 841 (6.4) 654 (6.5) 187 (6.0)

*CrCl was estimated by Cockcroft-Gault formula. †Not including complex vascular plaque, and the score was based on derived heart failure; ‡Not including labile INR, alcohol
use was defined as ≥ 1 unit/day, and defining the presence or absence of renal or hepatic disease was left to the discretion of the physician. §LVEF data were missing for 4285
patients (3227 and 1058 patients in edoxaban 60 mg and 30 mg groups, respectively). #A patient was considered as having a medical history of heart failure if one of the
following criteria was fulfilled: documented congestive heart failure (CHF), or, if CHF was not documented, then documentation of ischaemic cardiomyopathy, ejection
fraction < 40%, frequent dyspnoea (≥1/day) without chronic obstructive pulmonary disease and with documented severe valvular heart disease, coronary heart disease post
myocardial infarction, valve replacement, or hypertension treated with ≥ 3 drugs. AF, atrial fibrillation; BeNeLux, Belgium, the Netherlands, and Luxembourg; CrCl, creatinine
clearance; CRNM, clinically relevant non-major; CG, Cockcroft-Gault; DACH, Germany, Austria, and Switzerland; Rec., recommended; TIA, transient ischaemic attack; SmPC,
summary of product characteristics.
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Figure 2 Age-adjusted predictors of all-cause death during the 2-year follow-up. (A) Heart failure (derived) as a predictor of all-cause death.
Age-adjusted HR for HF yes vs. no: 2.40 (2.08–2.76). (B) COPD as a predictor of all-cause death. Age-adjusted HR for COPD yes vs. no: 2.56
(2.18–2.99). (C) Forest plot showing age-adjusted predictors of all-cause death during the 2-year follow-up. CrCl stages: Stage 1: CrCl ≥80 ml/min;
Stage 2: CrCl in [50,80] ml/min; Stage 3: CrCl in [30,50] ml/min; Stage 4 + end stage: CrCl <30 ml/min. BMI categories: Severely underweight < 16.0
vs. normal weight [18.5; 25.0]; Moderately underweight [16.0; 17.0] vs. normal weight [18.5; 25.0]; Mildly underweight [17.0; 18.5] vs. normal weight
[18.5; 25.0]; Overweight [25.0; 30.0] vs. normal weight [18.5; 25.0]; Class 1 obesity [30.0; 35.0] vs. normal weight [18.5; 25.0]; Class 2 obesity [35.0;
40.0] vs. normal weight [18.5; 25.0]; Class 3 obesity ≥ 40.0 vs. normal weight [18.5; 25.0]. CrCl-CG, creatinine clearance—Cockcroft Gault; HF,
heart failure; HR, hazard ratio; LVEF, left ventricular ejection fraction.

differences in risk of any stroke or SEE and ischaemic stroke be-
tween the dose groups were not significant (adjusted HR: 1.07, 95%
CI: 0.74–1.53, P = 0.7272; and adjusted HR: 1.12, 95% CI: 0.74–
1.70; P = 0.5862, respectively). Differences in the risk of haemor-
rhagic stroke between the dose groups continued to be insignificant
after adjustment for predictors of stroke and taking competing risk
of all-cause death into account (adjusted HR 0.60, 95% CI: 0.21–1.73;
P = 0.3446).
Annualised event rates of any major bleeding, major or CRNM

bleeding and ICH in the overall study population were 0.97%, 1.89%,
and 0.20%, respectively (Figure 1). For illustrative purposes, compar-
isons are made between those on 30 mg and 60 mg although this was
not a formal hypothesis. The rates of major bleeding and major or
CRNM bleeding were higher in patients receiving edoxaban 30 mg vs.
those receiving edoxaban 60 mg (Figure 1) [unadjusted hazard ratio
(HR): 1.82, 95% CI: 1.39–2.38; P < 0.0001; and unadjusted HR: 1.54,
95% CI: 1.26–1.88; P < 0.0001, respectively]; however, similar rates of
ICH were observed between the two dose groups (unadjusted 1.11,
95% CI: 0.58–2.12; P = 0.7616). After adjustment for predictors of

major bleeding and calculation of competing risk of all-cause-death,
differences in the risk of major bleeding and major or CRNM bleed-
ing between the dose groups were not significant (adjusted HR: 0.89,
95% CI: 0.62–1.28, P = 0.5347; and adjusted HR: 0.85, 95% CI: 0.65–
1.11; P = 0.2410, respectively). Differences in risk of ICH between
the dose groups continued to be non-statistically significant after ad-
justment for predictors of major bleeding and taking competing risk
of all-cause death into account (adjusted HR: 0.75, 95% CI: 0.32–1.76;
P = 0.5124).

Age-adjusted predictors of clinical
outcomes during the 2-year follow-up
History of HF was the strongest predictor of all-cause death (Wald
χ2: 146.99; P < 0.0001) (Figure 2a), followed by history of COPD
(136.58; P < 0.0001) (Figure 2b and c), subjective frailty as assessed
by physician at baseline (116.33; P < 0.0001), left ventricular ejec-
tion fraction (LVEF) at baseline categorised by below 40% (110.93;
P < 0.0001), recalculated eCrCl (71.36; P < 0.0001), body mass
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Figure 3 Age-adjusted predictors of cardiovascular death during the 2-year follow-up. (A) Heart failure (derived) as a predictor of cardiovascular
death. Age-adjusted HR (95% CI) yes: 2.60 (2.16–3.13). (B) Left ventricular ejection fraction < 40% as a predictor of cardiovascular death. Age-
adjusted HR (95% CI) <40% vs. ≥ 40%: 3.57 (2.75–4.64). (C) Forest plot showing age-adjusted predictors of cardiovascular death during the 2-year
follow-up. CrCl stages: Stage 1: CrCl ≥80 ml/min; Stage 2: CrCl in [50,80] ml/min; Stage 3: CrCl in [30,50] ml/min; Stage + end stage: CrCl
<30 ml/min. BMI categories: Severely underweight < 16.0 vs. normal weight [18.5; 25.0]; Moderately underweight [16.0; 17.0) vs. normal weight
[18.5; 25.0]; Mildly underweight [17.0; 18.5] vs. normal weight [18.5; 25.0]; Overweight [25.0; 30.0] vs. normal weight [18.5; 25.0]; Class 1 obesity
[30.0; 35.0] vs. normal weight [18.5; 25.0]; Class 2 obesity [35.0; 40.0] vs. normal weight [18.5; 25.0]; Class 3 obesity ≥ 40.0 vs. normal weight [18.5;
25.0]. CrCl-CG, creatinine clearance—Cockcroft Gault; HF, heart failure; HR, hazard ratio; LVEF, left ventricular ejection fraction.

index (BMI) (55.41; P< 0.0001), diabetes mellitus (50.03; P< 0.0001),
and peripheral artery disease (34.00; P < 0.0001).
History of HF was also the strongest predictor of CV death (Wald

χ2: 100.38; P < 0.0001) (Figure 3a), followed by baseline levels of
LVEF categorised by below 40% (90.51; P < 0.0001) (Figure 3b and c),
COPD (71.38; P < 0.0001), subjective frailty as assessed by physician
at baseline (57.99; P< 0.0001), eCrCl (54.42; P< 0.0001), BMI (53.98;
P < 0.0001), CHA2DS2-VASc (41.13; P < 0.0001), peripheral artery
disease (24.44; P < 0.0001), and diabetes mellitus (22.35; P < 0.0001).
HAS-BLED score was a weaker predictor of all-cause death (10.61;
P = 0.001) and CV death (14.97; P < 0.0001).
A history of TIA at baseline was the strongest predictor of is-

chaemic stroke, TIA, and SEE (Wald χ2: 73.63; P< 0.0001) (Figure 4a),
followed by the baseline CHA2DS2-VASc score (40.39; P < 0.0001)
(Figure 4b and c); a history of ischaemic stroke (27.11; P < 0.0001);
history of any stroke (all strokes combined including stroke of un-
known/unspecified type) (26.83; P < 0.0001), subjective frailty as as-
sessed by physician (18.18; P < 0.0001), and the HAS-BLED score
(16.53; P < 0.0001).

The recalculated eCrCl at baseline was the strongest predictor of
major bleeding (Wald χ2: 30.68; P < 0.0001) (Figure 5a), followed by
the baseline HAS-BLED score (19.61; P < 0.0001), subjective frailty
as assessed by physician at baseline (18.17; P < 0.0001), a history
of HF (17.93; P < 0.0001), a history of major or CRNM bleeding
(17.52; P < 0.0001) (Figure 5b and c), history of major bleeding (14.40;
P = 0.0001), and COPD (10.39; P = 0.0013).

Discussion
The 2-year follow-up data from ETNA-AF-Europe provide real-world
evidence for the long-term safety and effectiveness of edoxaban in
patients with AF. Overall and similar to the one-year outcomes re-
ported previously,11 rates of stroke and bleeding were low. Throm-
boembolic rates in ETNA-AF-Europe were indeed much lower than
those noted in non-anticoagulated and warfarin-treated patients in
datasets outside of ETNA-AF.6,12,13 Outcomes observed in ETNA-
AF-Europe seem to confirm effectiveness and safety in routine prac-
tice similar to those observed in the edoxaban arms in the randomised
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Figure 4 Age-adjusted predictors of stroke during the 2-year follow-up. (A) History of TIA as a predictor of ischaemic stroke/TIA/systemic embolic
events. With a history of TIA: age-adjusted HR (95% CI): 5.01 (3.47–7.24). (B) CHA2DS2-VASc as a predictor of ischaemic stroke/TIA/systemic
embolic events. Age-adjusted HR (95% CI) of CHA2DS2-VASc score as numerical variable: 1.39 (1.26–1.54). Categorised CHA2DS2-VASc score,
age-adjusted HR (95% CI): 2–3 vs. <2: 3.06 (1.21–7.75); 4–5 vs. <2: 4.28 (1.64–11.17); ≥6 vs. <2: 9.80 (3.59–26.76); (C) Forest plot showing
age-adjusted predictors of ischaemic stroke/TIA/systemic embolic events during the 2-year follow-up. HR, hazard ratio, TIA, transient ischaemic
attack.

ENGAGE AF-TIMI 4814 trial. Of note, in this well-anticoagulated pa-
tient population treated with edoxaban, fatal event rates—both CV
and all-cause death—were more frequent than stroke or bleeding
event rates.
There was no relevant impact of edoxaban dosing on these out-

comes. After adjusting for baseline characteristics and also taking
competing risk of all-cause death into account, differences in the risk
of any stroke or SEE and ischaemic stroke between the 30 and 60 mg
dose groups were not significant. Likewise, the differences in the rates
of major bleeding and major or CRNM bleeding between the 30 and
60 mg dose groups were not significant, suggesting that the observed
differences in the unadjusted rates were due to expected patient char-
acteristics, rather than due to edoxaban dosing. These findings suggest
that both doses were appropriate in their respective patient groups.
Patients receiving edoxaban 30 mg were older, had higher

CHA2DS2-VASc and HAS-BLED scores, and included more patients
perceived as frail compared with those receiving edoxaban 60 mg.
In the light of differences in the population characteristics, the dose-
reduced patients were at higher risk of ischaemic stroke, major bleed-
ing and death vs. those receiving the 60 mg dose.
Adherence to label recommendation at baseline in ETNA-AF-

Europe was high (83.1%),11 with higher percentage of recommended
dosing observed in patients receiving edoxaban 60 mg.

Age-adjusted predictors of clinical
outcomes in patients treated with
non-vitamin K antagonist oral
anticoagulants
Slightly contrasting to the relatively low stroke and bleeding rates,
the residual rate of CV death was 2.1% and a leading cause of death,
illustrating the need to identify anticoagulated patients with AF at risk
of CV events.
Several independent risk factors for stroke, bleeding, and death have

been here identified in anticoagulated patients with AF. Besides, mod-
ifiable and non-modifiable risk factors of AF are also risk factors for
ischaemic stroke.15 Advancing age is the most prominent risk factor
for AF and AF-related outcomes. Hence, data in our analysis were
adjusted for age in order to assess the residual effect of the other risk
factors.16

A history of HF at baseline was a very strong predictor of both
all-cause and CV death. This highlights the importance of identifying
optimal treatments for patients with AF and HF, including medications
to control rate and rhythm.7,17 Of note, HF was a stronger predictor
of death and CV death than left ventricular function, highlighting the
importance of HF with preserved ejection fraction as an additional
marker for risk in patients with AF.18
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Figure 5 Age-adjusted predictors of major bleeding during the 2-year follow-up. (A) CrCl-CG as a predictor of major bleeding. Age-adjusted
HR (95% CI) of CrCl: HR (95% CI): Stage 2 [CrCl (50, 80 ml/min)] vs. Stage 1 [CrCl (≥80 ml/min)]: 1.94 (1.29–2.92); Stage [CrCl (30,50 ml/min)]
vs. Stage 1 [CrCl (≥80 ml/min)]: 2.51 (1.53–4.09); Stage 4 and End Stage [CrCl (<30 ml/min)] vs. Stage 1 [CrCl (≥80 ml/min)]: 6.15 (3.22–
11.73). (B) HAS-BLED score as a predictor of major bleeding. Age-adjusted HR (95% CI) for increasing of HAS-BLED by point: 1.31 (1.16–1.48),
categorised. HAS-BLED 2 vs. <2: 1.48 (0.85–2.59); HAS-BLED 3 vs. <2: 2.26 (1.31–3.92); HAS-BLED 4 vs. <2: 2.47 (1.37–4.47); HAS-BLED ≥5
vs. <2: 3.46 (1.74–6.89). (C) Forest plot showing age-adjusted predictors of major bleeding during the 2-year follow-up. COPD, chronic obstructive
pulmonary disease; CRNM, clinically relevant non-major; CrCl-CG, creatinine clearance—Cockcroft Gault; HR, hazard ratio. CrCl stages: Stage 1:
CrCl ≥80 ml/min; Stage 2: CrCl in [50,80] ml/min; Stage 3: CrCl in [30,50] ml/min; Stage 4 + end stage: CrCl <30 ml/min.

In our analysis, history of TIA at baseline was the strongest predic-
tor of ischaemic stroke, TIA, and SEE. This is similar to the GARFIELD
registry analysis of 52 014 patients, reporting a history of prior stroke
or TIA as a strong independent risk factor for stroke/SEE and death.
There, however, the excess risk was primarily ascribed to a history
of stroke (with or without TIA), whereas history of TIA by itself was
reported as a weaker predictor.19

In line with our findings, a history of ischaemic stroke (HR: 1.89;
P = 0.005) was identified as an independent risk factor of stroke/SEE
in a prospective study involving 5717 AF patients (mean age 73.9
years) receiving rivaroxaban.20 To ensure thromboprophylaxis in AF
patients, the risk-benefit profile of the drug should be carefully eval-
uated while taking into account factors associated with the risk of
bleeding. The CHA2DS2-VASc and HAS-BLED risk scores are widely
used to determine the thromboembolic risk and risk of bleeding even
in the era of NOACs.21 The two risk scores at baseline were inde-
pendent predictors of stroke, TIA and SEE in the ETNA-AF-Europe
population. A large administrative database of 39 539 NOAC-treated
patients in routine care showed that two stroke scores (CHADS2 and
CHA2DS2-VASc), and three bleeding scores (HAS-BLED, ORBIT, and

ATRIA) had similar performances in predicting major bleeding, sug-
gesting that patients at a high risk of stroke are also at high risk of
bleeding.22 In addition to predicting stroke and SEE, the CHA2DS2-
VASc risk score has also been found to predict CV deaths in our anal-
ysis. However, no statistically significant correlation of stroke scores
was observed with serious bleeding. This outcome is coherent with
the findings from our analysis, which shows no correlation between
the stroke risk score and major bleeding.
Findings from recent registries and administrative databases add

to our understanding about predictors of major bleeding. The re-
calculated eCrCl was the strongest predictor of major bleeding in
our analysis, followed by COPD (usually caused by smoking). Simi-
lar observations were made in a ROCKET-AF sub-analysis involving
781 patients with AF; patients reporting major bleeds were older
and had a lower eCrCl among other risk factors at baseline vs. those
without a major bleed.23 Patients with a major bleed in this analysis
were less likely to have a prior stroke or TIA compared with those
without a major bleed. Equally, our analysis did not show a correla-
tion between previous history of stroke or TIA and major bleeding
outcomes.
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Liver disease, history of major bleeding, male sex, antiplatelet use,
cardiomyopathy, peripheral vascular disease, and COPD have been es-
tablished as important predictors of major bleeding in some recently
published analyses.24,25 In keeping with these findings, we observed
previous major bleeding and COPD as powerful predictors in our
analysis as well.
Impaired renal function or eCrCl worsening is an indepen-

dent predictor of various clinical outcomes including cardioembolic
stroke/SEE, bleeding, and deaths.26–28 Notably, findings from our anal-
ysis are coherent with available evidence, showing that recalculated
eCrCl at baseline was the strongest predictor of major bleeding and
also a significant predictor of all-cause and CV death.
Some interesting observations were made upon exploring frailty

and history of falls as predictors of clinical outcomes. The burden of
subjective frailty is substantial, with almost 1 out of 5 patients with AF
categorised as frail. Frailty index is a well-established predictor of all-
cause death, particularly among older patients.29 Adding to the avail-
able evidence, in ETNA-AF-Europe a simple reported subjective frailty
perception of clinicians (using a yes/no option) was the strongest pre-
dictor of all-cause death, even after adjustment for age. A history of
falls is also indicative of the presence of frailty in elderly individuals,
and has been independently associated with a higher risk of stroke/SEE
and major bleeding, and further associated with all-cause death in the
All Nippon AF in the Elderly (ANAFIE) registry enrolling over 30 000
patients aged ≥ 75 years.30

Taking all these findings together, the various combinations of pre-
dictors of AF-related outcomes warrant further analyses for improv-
ing our understanding of the risk factors for outcomes in NOAC-
anticoagulated AF patients. This should further aid in the timely and
accurate management of high-risk patients.

Strengths and limitations of this analysis
Strengths of ETNA-AF-Europe were the inclusion of 13 133 patients
with 2-year follow-up data available for 9017 patients; the prospective,
multinational and multicentre study design; the central adjudication of
events; and the absence of explicit exclusion criteria, validating the
dependability and generalizability of the findings. Notably, we present
here interim results of a predefined follow-up duration of four years.
We also acknowledge, however, limitations of our analysis. Just over

9000 patients were still on edoxaban at the end of the 2-year period.
Approximately 17% of patients were lost to follow-up or discontin-
ued from the study whilst living and receiving edoxaban. Although
adherence to edoxaban dosing was high, it was lower than the dosing
observed in a randomised controlled trial setting. Since there was no
alternate anticoagulant control group, comparison of different treat-
ments was not possible. Due to the observational design of the study
and to avoid interference with routine care, additive systematic infor-
mation on laboratory and other investigations could not be mandated.
Most relevant, the open-label nature of the study may have introduced
ascertainment bias due to awareness about treatment. Finally, under-
reporting of events is an important inherent limitation of any obser-
vational study compared with RCTs. Of note, annualised event rates
were estimated using a censoring approach in our analysis, therefore
limiting bias due to loss to follow-up.

Conclusions
Oral anticoagulation with edoxaban was associated with low annu-
alised rates of stroke (0.70%) and major bleeding (0.97%) in unse-
lected patients with AF during the 2-year follow-up. Approximately
9000 (68.7%) patients were still on edoxaban at the end of two years
of follow-up, with the remaining being lost-to-follow-up or perma-
nently discontinued or died. CV death was the most common cause
of death in anticoagulated patients with AF at an annual rate of 2.1%.
Prior TIA, reduced kidney function, and prior HF were the strongest
predictors for identifying patients at high risk of stroke, bleeding and

all-cause/cardiovascular deaths, respectively. These results highlight
the need to optimise the management of patients with AF and prior
HF especially, to reduce the risk of death.

Supplementary material
Supplementary material is available at European Heart Journal—
Cardiovascular Pharmacotherapy online.
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