
Europace (2026) 28, euag083 
https://doi.org/10.1093/europace/euag083

RAPID COMMUNICATION

Kidney disease increases the risk of cardiovascular 
events in patients with device-detected atrial 
fibrillation: NOAH-AFNET 6
Andreas Goette  1,2,3†, Marc D. Lemoine  4,5†, Alexander Fierenz  6, 
Emanuele Bertaglia  7, Vincent Beuger  3, Carina Blomstrom-Lundqvist  8,9, 
Axel Brandes  10,11, Melanie Calvert  12,13, A. John Camm  14, 
Gregory Chlouverakis  15, Gheorghe-Andrei Dan  16, Wolfgang Dichtl  17, 
Hans Christoph Diener  18, Joris R. de Groot  19, Lieven Nils Kennes  20, 
Gregory Y. H. Lip  21,22, Andrzej Lubiński  23, Eloi Marijon  24, Béla Merkely  25, 
Lluís Mont  26,27,28, Kim Rajappan  29, Andrea Sarkozy  30, Ulrich Schotten  3,31, 
Emmanuel Simantirakis  32, Tobias Toennis  4,5, Panos Vardas  32,33, 
Vasil Velchev  34, Dan Wichterle  35, Stephan Willems  3,36, Antonia Zapf  6, and 
Paulus Kirchhof  3,4,5,37* on behalf of the NOAH-AFNET 6 investigators
1Department of Cardiology and Intensive Care Medicine, St Vincenz-Hospital Paderborn, Paderborn, Germany; 2Otto-von-Guericke University Magdeburg, Medical 
Faculty, Magdeburg, Germany; 3Atrial Fibrillation NETwork (AFNET), Mendelstraße 48147, Muenster; 4Department of Cardiology, University Heart and Vascular Center 
Hamburg, University Medical Center Hamburg-Eppendorf, Martinistr. 52, Hamburg 20246, Germany; 5German Center for Cardiovascular Research (DZHK), Partner Site 
Hamburg/Kiel/Luebeck, Hamburg, Germany; 6Institute of Medical Biometry and Epidemiology, University Medical Centre Hamburg-Eppendorf, Martinistraße 52, 20246 
Hamburg, Germany; 7Cardiology Unit, Camposampiero Hospital—AULSS Euganea, Padua, Italy; 8Department of Medical Science, Uppsala University, Uppsala, Sweden; 
9Department of Cardiology, School of Medical Sciences, Faculty of Medicine and Health, Örebro University, Örebro, Sweden; 10Department of Cardiology, Esbjerg 
Hospital—University Hospital of Southern Denmark, Esbjerg, Denmark; 11Department of Regional Health Research, University of Southern Denmark, Esbjerg, Denmark; 
12Centre for Patient Reported Outcomes Research, Institute of Applied Health Research, University of Birmingham, Edgbaston, Birmingham, United Kingdom; 13NIHR 
Birmingham Biomedical Research Centre and NIHR Applied Research Collaboration West Midlands, University of Birmingham, Edgbaston, Birmingham, United Kingdom; 
14City St George’s University of London, London, United Kingdom; 15Biostatistics Lab, School of Medicine, University of Crete, Crete, Greece; 16‘Carol Davila’ University 
of Medicine, Academy of the Romanian Scientists, Bucharest, Romania; 17Department of Internal Medicine III, Cardiology and Angiology, Innsbruck Medical University, 
Innsbruck, Austria; 18Department of Neuroepidemiology, Institute for Medical Informatics, Biometry and Epidemiology (IMIBE), University Duisburg-Essen, Essen, 
Germany; 19Heart Center, Department of Clinical and Experimental Cardiology, Amsterdam Cardiovascular Sciences, Amsterdam University Medical Centers, University 
of Amsterdam, Amsterdam, The Netherlands; 20Department of Economics and Business Administration, University of Applied Sciences Stralsund, Stralsund, Germany; 
21Liverpool Centre for Cardiovascular Science at University of Liverpool, Liverpool John Moores University and Liverpool Heart & Chest Hospital, Liverpool, United 
Kingdom; 22Danish Center for Health Services Research, Department of Clinical Medicine, Aalborg University, Aalborg, Denmark; 23Department of Cardiology and 
Internal Diseases, Medical University of Gdańsk, Gdańsk, Poland; 24Cardiology Division, European Georges Pompidou Hospital, Paris, France; 25Heart and Vascular 
Centre, Semmelweis University, Budapest, Hungary; 26Hospital Clinic, Universtitat de Barcelona, Barcelona, Catalonia, Spain; 27Institut D’Investigacions Biomèdiques 
Aigust Pi Sunyer (IDIBAPS). Barcelona, Catalonia, Spain; 28Centro de Investigacion Biomedica en Red Cardiovascular (CIBERCV), Madrid, Spain; 29Cardiac Department, 
John Radcliffe Hospital, Oxford University Hospitals NHS Foundation Trust, Oxford, United Kingdom; 30Heart Rhythm Management Centre, Postgraduate Program in 
Cardiac Electrophysiology and Pacing, Universitair Ziekenhuis Brussel-Vrije Universiteit Brussel, European Reference Networks Guard-Heart, Brussels, Belgium; 
31Departments of Cardiology and Physiology, Maastricht University, Maastricht, The Netherlands; 32Department of Cardiology, Heraklion University Hospital, Heraklion, 
Crete, Greece; 33Biomedical Research Foundation Academy of Athens (BRFAA), Greece and Hygeia Hospitals Group, Athens, Greece; 34Cardiology Clinic, 
St.Anna University Hospital, Medical University Sofia, Sofia, Bulgaria; 35Department of Cardiology, Institute for Clinical and Experimental Medicine, Prague, Czechia; 
36Department of Cardiology, Hospital St Georg, Hamburg, Germany; and 37Institute of Cardiovascular Sciences, University of Birmingham, Birmingham, UK

Received 3 March 2026; accepted after revision 29 March 2026; online publish-ahead-of-print 13 April 2026

* Corresponding author. E-mail address: p.kirchhof@uke.de
† The first two authors contributed equally to the study.
© The Author(s) 2026. Published by Oxford University Press on behalf of the European Society of Cardiology. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4. 
0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact 
reprints@oup.com for reprints and translation rights for reprints. All other permissions can be obtained through our RightsLink service via the Permissions link on the article 
page on our site—for further information please contact journals.permissions@oup.com.

https://orcid.org/0000-0002-8223-7209
https://orcid.org/0000-0002-3799-7962
https://orcid.org/0000-0002-5233-215X
https://orcid.org/0000-0002-3878-2904
https://orcid.org/0009-0008-8599-808X
https://orcid.org/0000-0003-2806-3903
https://orcid.org/0000-0001-9145-6887
https://orcid.org/0000-0002-1856-837X
https://orcid.org/0000-0002-2536-2871
https://orcid.org/0000-0002-2855-772X
https://orcid.org/0000-0001-9867-2582
https://orcid.org/0000-0002-0421-2110
https://orcid.org/0000-0002-6556-8612
https://orcid.org/0000-0002-8122-7017
https://orcid.org/0000-0002-2843-9192
https://orcid.org/0000-0002-7566-1626
https://orcid.org/0000-0003-2779-0041
https://orcid.org/0000-0001-7227-3428
https://orcid.org/0000-0001-6514-0723
https://orcid.org/0000-0002-8115-5906
https://orcid.org/0000-0001-8996-2983
https://orcid.org/0000-0001-6327-0487
https://orcid.org/0000-0003-1532-3315
https://orcid.org/0000-0001-9615-6293
https://orcid.org/0000-0002-7351-0621
https://orcid.org/0000-0002-4499-0806
https://orcid.org/0009-0008-2550-835X
https://orcid.org/0000-0002-0448-5143
https://orcid.org/0000-0002-8890-5749
https://orcid.org/0000-0002-8467-0508
https://orcid.org/0000-0002-1881-0197
mailto:p.kirchhof@uke.de
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1093/europace/euag083


- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -Keywords Anticoagulation • Chronic kidney disease • Risk prediction • Device-detected atrial fibrillation • Bleeding

Patients with device-detected atrial fibrillation (DDAF) without 
ECG-documented atrial fibrillation (AF) have a lower rate of 
stroke than patients with ECG-documented paroxysmal AF,1,2

possibly due to their relatively low AF burden.3 Reduced kidney 
function is associated with higher rates of stroke and cardiovas
cular events in patients with AF.4–7 Kidney function is not in
cluded in the CHA2DS2-VA score or any other risk score in 
patients with DDAF. It is not known whether chronic kidney dis
ease (CKD) affects the cardiovascular treatment effects of antic
oagulation in patients with DDAF.

This prespecified analysis of the NOAH-AFNET 6 (n = 2534 
patients) trial compared anticoagulation with edoxaban to no 
anticoagulation in patients with DDAF at various stages of 
CKD. The double-blind, double-dummy design of 
NOAH-AFNET 6 ensured that all patients randomized to edox
aban1 received the approved dose. Fifty-five per cent of pa
tients randomized to no anticoagulation received low-dose 
aspirin as part of the randomized treatment. Chronic kidney dis
ease was defined at baseline according to the 2024 Kidney 
Disease Improving Global Outcomes (KDIGO) criteria8 as no 
kidney disease or CKD stage KDIGO G1-G4. Chronic kidney dis
ease Stage G5 patients were excluded from the trial, following 
the label of edoxaban and other anticoagulants. Exploratory 
analyses estimated the effect of kidney function as a continuous 
parameter on cardiovascular outcomes. The efficacy outcome of 
this analysis was the primary outcome of NOAH-AFNET 6, a 
composite of stroke, systemic embolism, or cardiovascular 
death. The safety outcome was the safety outcome of 
NOAH-AFNET 6, major bleeding according to ISTH criteria or 
death.1 The outcomes are reported descriptively as subgroup- 
specific event numbers, event rates per 100 patient-years and 
as adjusted cause-specific hazard ratios (HRs) with two-sided 
95% confidence intervals (CIs) and corresponding P-values. 
The treatment effects of creatinine on the outcome are pre
sented using a locally estimated scatterplot smoothing 
(LOESS). The LOESS analysis allows graphic inspection but is 
merely hypothesis-generating. The impact of CKD on outcome 
was assessed with cause-specific Cox proportional hazard mod
els with fixed effects for randomized group, sex, age, congestive 
heart failure history, hypertension history, diabetes mellitus, 
prior stroke/transient ischaemic attack/systemic thrombo
embolism, vascular disease history, aspirin intake at baseline, 
kidney function by estimated glomerular filtration rate (eGFR), 
and a frailty term for study site. All analyses are exploratory, re
flecting the limited power of subgroup analyses, and thus, no ad
justment for multiple testing was performed. Results are 
therefore hypothesis-generating.

Primary outcome events increased with increasing severity 
of CKD—Stage G1, 9 events/265 patient-years (3.4%); G2, 

72/2854 (2.5%); G3a, 59/1245 (4.7%); G3b, 28/540 (5.2%); 
and G4, 16/147 (10.9%)—which was driven by higher rates 
of cardiovascular death and systemic embolic events. Of 
note, total stroke rate was low across all CKD stages (0.7– 
0.9%/year): G1, 2/265 (0.8%); G2, 25/2854 (0.9%); G3a, 
15/1245 (1.3%); G3b, 5/540 (0.9%); and G4, 1/147 (0.7%, 
Figure 1B, left panel). Safety events also increased with in
creasing severity of CKD, with more major bleeding than 
death: G1 12/258 (4.6%), G2 110/2870 (3.8%), G3a 78/ 
1232 (6.3%), G3b 46/534 (8.6%), and G4 17/146 (11.6%, 
Figure 1B, right panel). Anticoagulation with edoxaban did 
not interact with eGFR or CKD groups (pinteraction = 0.50, and 
0.20). A LOESS plot suggests that anticoagulation could be 
more effective in patients with advanced CKD: event rates in
creased more in patients randomized to no anticoagulation 
than in patients randomized to edoxaban than in patients ran
domized to no anticoagulation (Figure 1C, left panel). A LOESS 
plot of the primary safety outcome suggested an increase in 
event rates with reduced kidney function without differences 
between treatment groups (Figure 1C, right panel). A multi
variable analysis showed that age [HR 1.057, 95% CI (1.032– 
1.083); P < 0.001] and kidney function [HR 0.985, 95% CI 
(0.976–0.994); P < 0.001] were the strongest predictors of 
the primary outcome.

This exploratory analysis suggests that eGFR, a widely avail
able blood biomarker, could be useful to refine thrombo
embolic risk estimation in patients with DDAF. The results 
are hypothesis-generating but can be used without additional 
measurements in clinical practice. The analysis also suggests 
that the approved dose of edoxaban retains its effectiveness 
across the spectrum of kidney functions tested. The continu
ous estimation of effect sizes even suggests a stronger effect
iveness in patients with reduced kidney function, potentially 
due to their higher risk of thromboembolic events (Panel C). 
The increased event rate is due to more cardiovascular death, 
while strokes only increased a bit. This suggests that CKD is at 
least partially a reflection of overall frailty. The divergence of 
efficacy and safety LOESS plots supports a possible effect of 
anticoagulation within the limit of a hypothesis-generating 
analysis. These findings are consistent with similar analyses 
of warfarin or of different direct oral anticoagulants4–7 in 
patients with ECG-diagnosed AF. Within the limits of a 
hypothesis-generating analysis, the results may be helpful to 
refine estimation of thromboembolic risk in selected patients 
with DDAF and reduced kidney function in context with AF 
burden (www.afburden.org) and clinical features (https:// 
cordis.europa.eu/project/id/101080189/results).9,10 Clearly, 
the findings call for independent, external validation in con
temporary patients with DDAF.
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Figure 1 (A) CONSORT flow chart of this prespecified secondary analysis of the NOAH-AFNET 6 trial. Displayed are distributions of 
kidney function and baseline characteristics in each chronic kidney disease (CKD) group [according to KDIGO (Kidney Disease Improving 
Global Outcomes) definition], including sex, age, CHA2DS2-VASc-Score, previous stroke, median duration of device-detected atrial 
high-rate episodes (AHRE), and heart failure. (B) Stacked column plot of efficacy outcomes by CKD stage and randomized group in                                                                                                                                                                                                 

(continued) 
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Conclusions
Age and eGFR are among the strongest predictors of cardiovas
cular events, in particular cardiovascular death, in patients with 
DDAF and clinical stroke risk factors. The effectiveness and 
safety of anticoagulation with edoxaban in the approved dose 
are not affected by CKD stage. Pending external validation, 
eGFR may help to refine cardiovascular risk estimation in se
lected patients with DDAF and reduced kidney function.
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