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            Abstract
Digital smart devices have the capability of detecting atrial fibrillation (AF), but the efficacy of this type of digital screening has not been directly compared to usual care for detection of treatment-relevant AF. In the eBRAVE-AF trial (NCT04250220), we randomly assigned 5,551 policyholders of a German health insurance company who were free of AF at baseline (age 65 years (median; interquartile range (11) years, 31% females)) to digital screening (n = 2,860) or usual care (n = 2,691). In this siteless trial, for digital screening, participants used a certified app on their own smartphones to screen for irregularities in their pulse waves. Abnormal findings were evaluated by 14-day external electrocardiogram (ECG) loop recorders. The primary endpoint was newly diagnosed AF within 6 months treated with oral anti-coagulation by an independent physician not involved in the study. After 6 months, participants were invited to cross-over for a second study phase with reverse assignment for secondary analyses. The primary endpoint of the trial was met, as digital screening more than doubled the detection rate of treatment-relevant AF in both phases of the trial, with odds ratios of 2.12 (95% confidence interval (CI), 1.19–3.76; P = 0.010) and 2.75 (95% CI, 1.42–5.34; P = 0.003) in the first and second phases, respectively. This digital screening technology provides substantial benefits in detecting AF compared to usual care and has the potential for broad applicability due to its wide availability on ordinary smartphones. Future studies are needed to test whether digital screening for AF leads to better treatment outcomes.
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Fig. 2: Cumulative event rates for the primary and secondary endpoints.[image: ]


Fig. 3: Time-dependent association of AF and abnormal PPG measurements with MACCE.[image: ]
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                Data availability

              
              The data are not publicly available because they contain information of electronic health records and health insurance data, consented for research use by the eBRAVE-AF investigators. Making the data publicly available without additional consent or ethical approval might compromise patient privacy and the original ethical approval. If other investigators are interested in performing additional analyses, requests can be made to the corresponding authors (A.B. and S.M.), and analyses will be performed in collaboration with LMU Munich.

            

Code availability

              
              The source code of the PPG analysis algorithm cannot be made publicly available because it is a certified medical product and the intellectual property of a medical company. Analysis of raw PPGs (for example, PPGs recorded by other devices) with the software used in this study is possible. Requests can be made to Preventicus GmbH. For data analysis, CRAN R version 4.2.1 was used with the base packages and the following additional CRAN packages: survival, survminer, rms, dplyr, ggplot2, svglite, stringr and timereg. Custom scripts can be accessed upon request for invitation via https://bitbucket.org/krizas/ebrave-af-scripts/src/master/.
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Extended data

Extended Data Fig. 1 Study app and PPG app.
(a) shows a screenshot from the study app, (b-c) show app-based PPG self-measurements. (b) shows regular pulse wave sequence. (c) shows a rapid and irregular pulse wave sequence indicative of atrial fibrillation.


Extended Data Fig. 2 AF detection during digital screening.
Quantity and quality of PPG measurements in participants with usually detected AF during digital screening.


Extended Data Fig. 3 AF diagnosis following abnormal PPGs.
AF diagnosis (or lack thereof) following abnormal PPGs.


Extended Data Fig. 4 Details of PPG measurements.
(a-b): Plethysmographic (PPG) measurements during both phases of the trial (panel A phase 1; panel B phase 2). Solid blue line shows proportion of participants who performed ≥1 measurement per week, dotted blue line shows proportion of participants who performed ≥2 measurements per week. The percentage refers to the total number of subjects assigned to digital screening according to the modified intention-to-treat principle. The drop in PPG measurements at the end of the second study phase is due to the shorter average measurement duration in this phase, as app usage was limited to a total of 12 months and participants took a median of 10 days (IQR 22 days) to cross-over. (c-d): Number of total measurements performed by participants during the study stratified by age groups (< 59 yeas; 59 – 64 years; 65 – 71 years and > 71 years) for group 1 (c) and group 2 (d). For this analysis only active participants performing at least one PPG-measurement during the entire study duration were considered (Group 1 N = 2,484; age < 59 N = 549; age 59 – 64 N = 616; age 65 – 71 N = 787; age > 71 N = 532; Group 2 N = 2,140; age < 59 N = 452; age 59 – 64 N = 502; age 65 – 71 N = 739; age > 71 N = 447). Two-sided p-values were calculated by means of Kruskal-Wallis one-way analysis of variance; the exact p-value for (c) is 9.62 * 10−9; differences were considered statistically significant when the two-sided p-value was less than 0.05. There was no adjustment for multiple comparisons. (e-f): Number of total measurements performed by males and females during the study for group 1 (e) and group 2 (f). For this analysis only active participants performing at least one PPG-measurement during the entire study duration were considered (Group 1 N = 2,484; females N = 767; males = 1,717; Group 2 N = 2,140; females N = 658; males N = 1,482). Two-sided p-values were calculated by means of Mann-Whitney U test; the exact p-value for (e) is 1.76 * 10−5; differences were considered statistically significant when the two-sided p-value was less than 0.05. There was no adjustment for multiple comparisons. Boxplots in (c-f) show median and IQR. The whisker boundaries define the 10th and 90th percentiles.


Extended Data Fig. 5 Detection of treatment-relevant AF as function of PPG measurement frequency and CHA2DS2-VASc-Score.
Odds ratio for reaching the primary endpoint as function of number of photoplethysmographic (PPG) measurements and CHA2DS2-VASc-Score. Darker colors represent higher odds ratios. The red vertical line marks the number of the 76 scheduled PPG measurements per participant over the six months digital screening phase, the blue line marks the median of the 53 PPG measurements per participant observed in the study.


Extended Data Fig. 6 Sensitivity of AF detection as function of PPG measurement frequency and AF burden.
Model describing the weekly sensitivity for detecting atrial fibrillation (AF) as a function of the number of measurements per week and the AF-burden. We used the timestamps of the available 300,509 PPG-measurements in order to calculate the frequency of measurements for the various parts of the day. Based on this frequency pattern we subsequently simulated PPG-measurements for increasing AF-burden (we consequently increased AF-burden from 1 h/week, [0.69% AF-burden] to 168 h / week [100% AF-burden] by 1 h steps and performed 10.000 simulations for each AF-burden step), which was defined as and finally calculated the sensitivity of the AF-detection. For this model, 89% sensitivity of the PPG-algorithm was assumed. With 2 measurements / day (according to the study protocol for the first 2 weeks) an AF-burden > 12.5% would be required to detect AF with > 80% sensitivity in one week. With 2 measurements / week (according to the study protocol from week 3 to month 6) an AF-burden > 62.5% would be required to detect AF with > 80% sensitivity in one week.


Extended Data Table 1 Modes of AF diagnosesFull size table


Extended Data Table 2 Causes of deathFull size table


Extended Data Table 3 Components of MACCEFull size table


Extended Data Table 4 Per-protocol analysis for the primary endpointFull size table





Supplementary information
Supplementary Information
Supplementary Tables 1–3


Reporting Summary

Supplementary Data
Study protocol and statistical analysis plan





Rights and permissions
Springer Nature or its licensor holds exclusive rights to this article under a publishing agreement with the author(s) or other rightsholder(s); author self-archiving of the accepted manuscript version of this article is solely governed by the terms of such publishing agreement and applicable law.
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Rizas, K.D., Freyer, L., Sappler, N. et al. Smartphone-based screening for atrial fibrillation: a pragmatic randomized clinical trial.
                    Nat Med 28, 1823–1830 (2022). https://doi.org/10.1038/s41591-022-01979-w
Download citation
	Received: 02 July 2022

	Accepted: 28 July 2022

	Published: 28 August 2022

	Issue Date: September 2022

	DOI: https://doi.org/10.1038/s41591-022-01979-w


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        The next generation of evidence-based medicine
                                    
                                

                            
                                
                                    	Vivek Subbiah


                                
                                Nature Medicine (2023)

                            
	
                            
                                
                                    
                                        Empfehlung zur Indikationsstellung implantierbarer Ereignisrecorder
                                    
                                

                            
                                
                                    	C. Veltmann
	R. Bosch
	F. Straube


                                
                                Die Kardiologie (2023)

                            
	
                            
                                
                                    
                                        Advances in Clinical Cardiology 2022: A Summary of Key Clinical Trials
                                    
                                

                            
                                
                                    	Patrick Savage
	Brian Cox
	Ian Menown


                                
                                Advances in Therapy (2023)

                            
	
                            
                                
                                    
                                        Stroke and Noninfective Native Valvular Disease
                                    
                                

                            
                                
                                    	Jacob J. Mayfield
	Catherine M. Otto


                                
                                Current Cardiology Reports (2023)

                            
	
                            
                                
                                    
                                        Asymptomatisches Vorhofflimmern
                                    
                                

                            
                                
                                    	Melanie Gunawardene
	Jens Hartmann
	Stephan Willems


                                
                                Herzschrittmachertherapie + Elektrophysiologie (2023)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial Policies
                                
                            
	
                                
                                    Content Types
                                
                            
	
                                
                                    Nature Medicine Classic Collection
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Research Cross-Journal Editorial Team
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    Submission Guidelines
                                
                            
	
                                
                                    For Reviewers
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature Medicine (Nat Med)
                
                
    
    
        ISSN 1546-170X (online)
    
    


                
    
    
        ISSN 1078-8956 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter — what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
