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Abstract

Background: Atrial fibrillation (AF) is the most common sustained arrhythmia worldwide and
a major cause of ischaemic stroke, heart failure, and cardiovascular mortality. Due to its
frequently asymptomatic and paroxysmal nature, many cases remain undiagnosed until serious
complications occur. This diagnostic challenge is particularly relevant in physically active
individuals, as arrhythmias may be triggered or exacerbated during sports and exercise.
Traditional monitoring methods have important limitations in sensitivity, duration, and long-
term patient acceptability.

Aim: This narrative review evaluates the current evidence on fitness trackers and other
wearable devices in the prevention, screening, and diagnosis of atrial fibrillation, focusing on
clinical performance, patient-centred aspects, limitations, and applications in sports and
exercise.

Material and Methods: A comprehensive narrative review was performed, incorporating the
2024 ESC Guidelines, major clinical trials, meta-analyses, and recent studies on
photoplethysmography (PPG) and single-lead ECG technologies across various wearable form
factors.

Results: Wearable devices, including smartwatches, adhesive patches, and smart textiles,
achieve high diagnostic accuracy for AF detection (sensitivity and specificity frequently 90—
97%). They improve identification of subclinical and silent AF in high-risk and physically
active populations and provide markedly better comfort and adherence during sports and
exercise. Key challenges include motion artefacts, false-positive alerts, and the scarcity of large
randomised trials with hard clinical outcomes.

Conclusions: Wearable technologies have the potential to transform AF care from reactive
treatment of complications to proactive, personalised prevention. While already clinically
valuable, widespread adoption requires overcoming technical barriers and confirming long-
term benefit in robust outcome trials.

Keywords: Atrial fibrillation, Wearable devices, Digital health, Screening, Prevention,
Photoplethysmography, Single-lead ECG, Remote monitoring, Fitness trackers, Sports
cardiology

1. Introduction

Atrial fibrillation (AF) represents one of the most prevalent cardiac disorders and the most
common sustained arrhythmia globally. It significantly affects healthcare systems at both

primary and secondary care levels. The condition arises from chaotic electrical activity within
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the atria, resulting in irregular ventricular contractions and loss of coordinated atrial

contribution to ventricular filling [1].

Recent estimates indicate that approximately 59.7 million people worldwide were living with
AF in 2019 [2]. The number of new cases has been doubling every few decades, and projections
suggest that overall prevalence will continue to rise sharply in the coming years [3]. This
increase is driven primarily by population ageing, the growing burden of modifiable risk factors
and comorbidities such as hypertension, obesity, diabetes mellitus and heart failure, greater
disease awareness, and advances in detection methods. The lifetime risk of developing AF
reaches nearly one in three among older adults, while community-based studies in the United

States have reported prevalence rates as high as 5.9% [4].

A substantial proportion of AF episodes occur without noticeable symptoms, often termed
»silent AF”. As a result, many individuals remain undiagnosed until they experience a major
complication, most commonly ischaemic stroke or heart failure. This diagnostic gap, together
with the steadily increasing epidemiological burden, underscores the urgent need for systematic
early screening and preventive strategies. Prompt identification of AF allows timely initiation
of oral anticoagulation therapy, which can reduce the risk of stroke by roughly two-thirds.
Moreover, proactive and ongoing management of modifiable risk factors and comorbidities,
which is now recognised as the foundational element of AF care, has the potential to delay or
prevent disease onset, limit its progression, and improve long-term prognosis irrespective of

symptoms or thromboembolic risk profile [1].

Against this background, fitness trackers and other wearable devices offer a powerful, scalable,
and cost-effective approach to population-wide screening, early diagnosis, and upstream
prevention of atrial fibrillation (AF). These technologies have become particularly valuable for
individuals engaged in regular sports and exercise, where traditional ECG monitoring often
fails due to motion artefacts, limited portability, or interference with vigorous movement. By
enabling continuous heart rhythm assessment in real-world settings, wearables allow for the
early detection of exercise-induced arrhythmias that might otherwise remain undetected during
brief clinical evaluations. Furthermore, they provide a unique opportunity to simultaneously
monitor cardiac rhythm and objective training load, such as daily step counts and training
volume, shifting the focus toward a more proactive and personalised model of cardiovascular

care in active populations [5-9].



Wearable devices, encompassing smart devices (such as smartwatches and fitness trackers),
adhesive wearable patches, chest straps and biotextiles equipped with single-lead
electrocardiography (ECG) or photoplethysmography (PPG) sensors, have emerged as a
promising solution by enabling convenient, long-term heart rhythm assessment directly in the
patient’s daily environment, including during sports and fitness activities. ECG-based
wearables achieve over 90% accuracy in detecting atrial fibrillation, while also allowing
identification of other arrhythmias such as atrial flutter or QT prolongation. PPG approaches,
in turn, facilitate passive, near-continuous monitoring through ubiquitous smartphone cameras,
even during physical exercise [10,11]. These commercial technologies (predominantly smart
devices, wristbands and patches, with 58% holding FDA clearance) have become a cornerstone
of AF screening and monitoring, offering high diagnostic accuracy in real-world ambulatory

settings, including fitness routines [11].

In contrast to the 12-lead ECG, which remains the gold standard but is limited by in-clinic
acquisition and short recording duration, wearable and remote devices overcome these barriers
through patient-initiated, prolonged monitoring. Even intermittent 30-second recordings
accumulated over time achieve detection rates comparable to 24-hour Holter monitoring, while
continuous patch-based systems significantly increase diagnostic yield for paroxysmal and
silent episodes, particularly during sports activities [6,12]. Self-administered home-based
solutions such as smartphone-compatible ECG devices or wearable patches empower patients,
address the limitations of traditional ,,spot checks” and markedly improve early detection of
undiagnosed AF compared with routine care or delayed monitoring, particularly in high-risk
groups [13,14].

These technologies are evolving at a remarkable pace, with each new generation offering
improved sensor accuracy, longer battery life and more sophisticated artificial intelligence
algorithms. However, it is crucial to critically evaluate whether these rapid advancements
genuinely translate into better diagnostic performance and clinical outcomes. In an era when
many patients are reluctant to attend in-person consultations, face long waiting lists or cannot
afford repeated specialist visits, such low-effort, home-based devices provide an accessible,
opportunistic alternative that can be used during routine daily activities without disrupting
everyday life. Consequently, fitness trackers and wearable devices open the possibility of truly

integrated, patient-centred care across the entire AF continuum, from upstream prevention



through risk-factor tracking to large-scale population screening for silent AF, precise diagnosis,
monitoring and even support for Hospital-at-Home care models [15].

2. Methods and Devices for Atrial Fibrillation Screening

In recent years the market has seen a rapid influx of new technologies designed to monitor heart
rhythm, most notably fitness trackers and smartwatches. Although robust data on their influence
on hard clinical outcomes remain limited, these tools show clear potential for identifying AF.
Their broader effects on clinical practice, healthcare costs, regulation and health policy
therefore deserve thorough further evaluation [1].

AF detection technologies can be broadly categorised into two groups: those that record an

electrical electrocardiographic (ECG) signal and those that rely on non-electrical optical
methods, primarily photoplethysmography (PPG).

2.1. Photoplethysmography (PPG) vs. Electrocardiography (ECG) in Wearable Devices

Contemporary wearable devices mainly employ either PPG or ECG to detect arrhythmias. ECG
continues to serve as the reference standard because it directly captures the heart’s electrical
activity and provides detailed waveform information. PPG, by contrast, stands out for its
simplicity, complete non-invasiveness and ability to perform passive, near-continuous
monitoring with almost no active input from the user. Pooled analyses indicate that PPG-based
AF detection reaches sensitivity and specificity in the range of 91.6-97.4% and 95.9-97.5%,
respectively, values that are high yet generally slightly lower than those achieved by ECG-
based systems [16-18]. Hybrid solutions that combine both technologies are becoming
increasingly popular, using PPG for broad, continuous screening and ECG for definitive

confirmation.

Importantly, any irregular rhythm detected by PPG or another screening method must be
verified by a physician interpreting either a single-lead or continuous ECG recording lasting at

least 30 seconds, or a standard 12-lead ECG, before a formal diagnosis of AF can be established
[1].
2.2. Single-Lead ECG Technology

Single-lead (lead-1 equivalent) ECG recorders overcome many constraints of traditional

monitoring by allowing patients to initiate and extend recordings in everyday settings. Even



when used intermittently, accumulated 30-second strips can achieve detection rates comparable
to 24-hour Holter monitoring, while continuous single-lead systems markedly improve
identification of paroxysmal and asymptomatic episodes [6,19]. Across multiple studies, pooled
sensitivity and specificity of handheld and wearable single-lead ECG devices reach 89-97%
and 95-99%, respectively, figures that approach the performance of a 12-lead ECG while
offering far greater accessibility and patient autonomy [6,20].

2.3. Contemporary Wearable Form Factors

Modern wearable solutions come in several practical designs, each with specific strengths:

- Smartwatches (Apple Watch, Samsung Galaxy Watch, Fitbit, Garmin and others)
integrate continuous PPG monitoring with on-demand single-lead ECG. Major validation trials
have reported positive predictive values for confirmed AF ranging from 84% (Apple Heart
Study, n>419 000) to 98.2% (Fitbit Heart Study) [5,16].

- Adhesive ECG patches enable uninterrupted recording for up to 14 days and
consistently deliver the highest diagnostic yield (3.9-5.3%) for previously undetected AF,

surpassing conventional Holter monitors in both detection rate and wearer comfort [12,21].

- Smart rings benefit from stable finger placement and minimal motion artefacts but
currently rely almost exclusively on PPG and lack ECG capability in most models [16].

- Smart textiles/biotextiles embed conductive electrodes directly into everyday clothing,
supporting monitoring periods of weeks to months with excellent comfort, washability and

long-term adherence compared with patches or Holter systems [7].

Smartphone-based PPG applications and chest straps represent additional low-cost options that
achieve pooled sensitivity/specificity of approximately 96%/97% [22].

2.4. Diagnostic Performance and Comparative Effectiveness

Systematic reviews and meta-analyses demonstrate consistently strong performance across
wearable platforms, with no statistically meaningful difference in overall diagnostic yield
between PPG and single-lead ECG approaches in most direct comparisons [17,23]. PPG

technologies generally excel in sensitivity and population-scale accessibility, while ECG-based



patches and smartwatches provide superior specificity and immediate confirmatory rhythm
strips. Continuous patch monitoring currently yields the highest detection rates, followed by
single-lead ECG and PPG devices [21]. In everyday practice, wearable monitoring substantially
outperforms single 12-lead ECG or simple pulse palpation, especially for intermittent and silent
AF, and has been linked to higher rates of appropriate oral anticoagulation initiation [1,12].
Performance may decline modestly in older adults because of motion artefacts, arterial stiffness
or skin changes, which highlights the importance of choosing the right device for each patient’s

profile and clinical scenario [24].

While wearable devices are effective for atrial fibrillation (AF) screening under resting
conditions, their signal quality and heart rate accuracy may be compromised during high-
intensity exercise due to motion artefacts and irregular RR intervals [25]. Moreover, because
the ventricular response in AF is inherently irregular, heart rate may be an unreliable marker
for prescribing or monitoring exercise intensity in this population; breathing frequency has

therefore been proposed as a more physiologically robust alternative [26].

2.5. Artificial Intelligence Algorithms in Wearable AF Detection

The integration of large-scale datasets and artificial intelligence tools is exerting a growing
influence on the field of cardiac electrophysiology. Sophisticated algorithms are now being
developed to enhance automated recognition of atrial fibrillation from both PPG and ECG
signals generated by wearable devices. Although these tools already achieve impressive
technical accuracy, their true clinical value and applicability across diverse real-world
populations have yet to be fully established. When properly integrated, Al-driven analysis may
eventually allow dynamic, continuous, patient-led monitoring that can guide treatment

adjustments in real time [1].

A recent meta-analysis of 26 studies reported pooled sensitivity of 94.8% and specificity of
97.0% for Al algorithms applied to wearable signals, with deep neural networks clearly
outperforming traditional machine-learning methods [27]. Deep-learning models maintain
robust performance even during daily activities and in ambulatory conditions [18,28].
Nevertheless, important challenges persist in the areas of data quality, external validation,
motion artefact handling, algorithm transparency, clinical integration, and ethical

considerations surrounding continuous remote monitoring [1]. Addressing these issues will be



essential before Al-enhanced wearables can be widely adopted as part of routine, proactive AF

care.

3. Human Factors, Patient Comfort and Adherence in Wearable Technologies for
Atrial Fibrillation

Successful long-term use of wearable devices for atrial fibrillation (AF) screening and
monitoring depends not only on technical accuracy but also on how well the technology fits
into patients’ daily lives. Factors such as comfort, ease of use, and overall user experience play
a decisive role in whether patients continue wearing the device long enough to detect infrequent

paroxysmal or silent episodes.

Patient preference and real-world acceptability are markedly higher for modern wearable
solutions than for traditional monitoring methods. In a direct comparison, 98% of participants
strongly preferred a 72-hour adhesive ECG patch over a standard 24-hour Holter monitor, citing
the absence of wires and greater freedom of movement [29]. Similarly, textile-based ECG
garments with dry, flexible electrodes embedded in stretchable fabrics have shown excellent
user acceptability: up to 79% of patients reported preferring them over conventional Holter
monitors, while skin irritation occurred in fewer than 3% of cases. These garments were well
tolerated during rest, physical activity and sleep, supporting significantly better long-term

compliance [7].

The integration of wearable technologies into sports and fitness activities substantially enhances
patient comfort and long-term adherence. Smart textiles, adhesive ECG patches, and wrist-worn
devices are generally well tolerated during high-intensity exercise and sleep, with nearly four
out of five users favouring them over traditional Holter monitoring systems. Such acceptability
is particularly important for detecting sporadic paroxysmal episodes that may arise in relation
to physical exertion [7,25].

Beyond comfort, effective implementation of wearable technologies requires genuine user-
centered design and attention to behavioural science. A systematic review of 55 studies on
mobile health interventions for AF found that although most trials assess usability during early
feasibility stages, very few incorporate true user-centered design principles during device
development or address long-term behavioural change [30]. Patient experiences, contextual

factors (e.g., lifestyle, work demands) and changes in user needs over time are frequently



overlooked. As a result, many promising devices fail to achieve sustained engagement in

everyday settings.

Behavioural strategies, such as personalised feedback, gamification and goal-setting, show
promise in improving adherence and encouraging beneficial lifestyle modifications. Mapping
these approaches against the UK Medical Research Council framework for complex
interventions reveals that most efforts focus on the individual (micro) and community (meso)
levels, while broader societal (macro) interventions remain almost absent. Although these
techniques appear helpful in the short term, their long-term efficacy in chronic conditions such

as AF still requires further rigorous evaluation [30].

Taken together, these findings underline that the future success of wearable-based AF
screening, prevention and diagnosis will depend as much on human factors and patient-centred
design as on improvements in sensor accuracy and artificial intelligence. Devices that combine
high diagnostic performance with excellent comfort, intuitive use and behavioural support are
far more likely to achieve the sustained adherence necessary for meaningful clinical impact at
the population level.

4. Screening and Prevention of Atrial Fibrillation: Opportunities Offered by

Wearable Technologies

Fitness trackers and other wearable technologies have fundamentally changed the landscape of
atrial fibrillation (AF) screening and prevention by enabling convenient, prolonged and patient-
centred rhythm monitoring outside the hospital environment. They support both opportunistic
and systematic strategies and facilitate early detection of both symptomatic and silent forms of
the arrhythmia [1].

4.1. Tools and Approaches to AF Screening

Contemporary AF screening tools span a broad spectrum, from simple pulse palpation and
standard 12-lead ECG to advanced wearable solutions. Among ECG-based devices, adhesive
patches (up to 14 days), smart textiles/biotextiles (up to 30 days) and consumer smart devices
(30-second recordings) play an increasingly important role. On the non-ECG side, PPG
implemented in smartwatches, smartphone applications and chest straps enables passive, near-

continuous monitoring with minimal patient effort. These consumer-grade technologies

10



complement traditional methods and are now widely recognised as valuable components of
modern screening programmes [1,24].

4.2. Prolonged versus Single-Timepoint Screening

Single-timepoint (,,snapshot™) assessments, such as a single 12-lead ECG or brief pulse check,
are easy to perform but frequently miss paroxysmal and asymptomatic episodes. Prolonged or
continuous monitoring with wearable devices consistently achieves higher diagnostic yield,
particularly in high-risk groups. Studies in elderly populations have shown that continuous
single-lead ECG recording detects AF in 6% of participants, compared with only 2% using
intermittent 30-second handheld recordings performed four times daily [1,31]. This advantage

becomes even more pronounced when monitoring extends over days or weeks.

4.3. Detection of Subclinical and Silent AF in High-Risk Populations

A large proportion of AF episodes are asymptomatic and would remain undetected without
extended monitoring. Wearable technologies have proven especially effective in revealing this
hidden burden. In the NOMED-AF study using a wearable vest system, silent AF was identified
in 9% of individuals with diabetes versus 7% without [32]. Likewise, in diabetic patients with
chronic kidney disease, wearable ECG patch monitoring revealed a nearly threefold higher rate
of newly detected AF (7.3% vs 2.3%), with most episodes being subclinical [1,33].

In older adults — the population with the highest AF prevalence — single-lead ECG wearables
achieve sensitivity and specificity of 87-100% and 82—-100%, respectively, while PPG-based
devices reach 67-98% sensitivity and 83—98% specificity [1,22,24].

4.4. Wearables in Postoperative Atrial Fibrillation Surveillance

Postoperative AF often occurs after hospital discharge and is frequently silent. Smartphone-
based PPG monitoring for 6 weeks after cardiac surgery increased detection of new AF or atrial
flutter more than ten-fold (18.5% vs 1.9%) and led to a five-fold higher rate of therapeutic
interventions, including anticoagulation and rhythm control [34]. A recent scoping review
confirmed that wearable and handheld ECG devices significantly improve post-discharge

detection and reduce unplanned emergency visits [20]. Ongoing trials, such as
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THOFAWATCH, are further evaluating continuous smartwatch monitoring in thoracic surgery
patients [35].

4.5. Wearables in Secondary Prevention after Cryptogenic Stroke

In patients with cryptogenic stroke, prolonged monitoring is essential to identify underlying
paroxysmal AF. Wearable ECG devices (patches, vests, belts) have demonstrated new AF
detection rates of approximately 20.7%, with performance comparable to traditional Holter
monitoring but superior comfort and feasibility for longer use [1,36].

4.6. Supporting Primary Prevention

Wearables not only detect AF but also actively support primary prevention by delivering
continuous feedback on modifiable risk factors such as physical activity, heart rate trends and
sleep quality. This complements guideline-recommended lifestyle interventions — optimal
blood pressure control, maintenance of normal body weight, regular moderate physical activity
and reduction of excessive alcohol intake — which carry the highest level of recommendation

for preventing incident AF in the general population [1].

Increasing physical activity levels through structured use of fitness trackers has emerged as a
promising strategy in atrial fibrillation management. In patients undergoing catheter ablation,
the BE-ACTION trial demonstrated that fitness trackers significantly increased daily step
counts, and when combined with regular motivational support, further improved walking
distance without increasing arrhythmia recurrence. These findings suggest that wearable-based
exercise promotion, particularly when supported by behavioural intervention, can be safely

incorporated into post-procedural care [37].

In summary, wearable devices have evolved into versatile clinical tools that enhance both the
sensitivity of AF screening and the effectiveness of preventive strategies across diverse patient

populations and care settings.
5. Limitations, Challenges and Future Directions

Although wearable devices have demonstrated impressive diagnostic performance in atrial
fibrillation (AF) screening and prevention, several important limitations and implementation
challenges must be acknowledged before they can be widely adopted into routine clinical
practice.

12



5.1. Limitations of Current Evidence

Most of the current evidence derives from observational studies and relatively short-term trials
in selected populations. Large-scale randomised controlled trials powered for hard clinical
outcomes such as stroke, mortality or healthcare utilisation remain scarce, particularly for
consumer-grade wearable devices in low-risk or general populations [1,21,38]. Many validation
studies, particularly those evaluating photoplethysmography, have been limited by small
sample sizes and high selection bias, resulting in unrealistically high performance estimates that
may not translate well to real-world settings [1,17,18]. In addition, the clinical significance of
very low-burden, device-detected subclinical AF remains uncertain, and it is not yet clear which

patients truly benefit from early anticoagulation triggered by wearable alerts [36,39,40].

5.2. Technical and Clinical Challenges

Signal quality is a persistent limitation of wearable devices, particularly during physical
activity, in elderly or multimorbid patients, and in individuals with darker skin tones. Motion
artefacts, poor skin contact, low-perfusion states and concurrent ectopic beats frequently result
in false-positive or inconclusive readings, thereby increasing the workload of manual ECG
over-reading by clinicians [18,24,28,41]. PPG-based algorithms are particularly vulnerable in
these situations, while even single-lead ECG devices occasionally fail to detect very brief or
low-amplitude episodes [17,42]. In inpatient settings, although upper-arm PPG wearables have
shown good performance, interpretability is still limited to approximately 77% of recording
time [28].

Despite their promise, current approaches to exercise quantification remain suboptimal in
endurance populations. A major limitation highlighted in recent sports cardiology literature is
the predominant reliance on self-reported questionnaires, with limited use of objective heart-
rate monitoring. Furthermore, there is substantial heterogeneity in the reporting of FITT
(Frequency, Intensity, Time, and Type) variables, and only a minority of studies capture all
necessary components required for comprehensive training load assessment. As sports
cardiology advances toward precision medicine, integrating wearable-derived data with
structured training-log platforms may help standardize exercise dose quantification and better

define safe training thresholds [43].
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5.3. Implementation and Societal Barriers

Integration into existing healthcare workflows poses practical difficulties, including increased
physician interpretation time, alarm fatigue, data privacy concerns, and limited interoperability
with electronic health records [6,15]. False-positive notifications can generate unnecessary
anxiety, additional investigations and healthcare costs, especially in low-pretest-probability
groups [16,39]. Disparities in digital literacy, socioeconomic status and access to devices
further risk widening health inequalities rather than reducing them [30,42]. Regulatory
approval, cost-effectiveness and equitable reimbursement models also remain incompletely
resolved [21,36].

5.4. Future Directions and Research Priorities

Future development should focus on several key areas. Improved signal-processing algorithms
(particularly deep learning models robust to motion and diverse skin types), multimodal sensing
(combining PPG, ECG and additional physiological signals), and better battery life and
washable smart textiles will enhance usability and accuracy [7,11,18]. Co-design with patients
and clinicians from the earliest stages, together with behavioural science techniques, is essential
to improve long-term adherence and translate detection into meaningful clinical benefit [15,30].
Large, pragmatic randomised controlled trials evaluating wearable-enabled screening pathways
on hard clinical outcomes (stroke reduction, mortality and cost-effectiveness) are urgently
needed, particularly in high-risk populations such as patients after cardiac or thoracic surgery
and those with cryptogenic stroke [21,34-36,44,45]. Seamless integration of wearable data with
electronic health records and the development of standardised clinical decision pathways will

be critical for safe and scalable implementation of these technologies in routine practice [15,38].

Addressing these challenges will determine whether wearable technologies fulfil their potential

to shift AF care from reactive treatment to truly proactive, personalised prevention.
6. Conclusion

Fitness trackers and other wearable devices have emerged as a transformative technology in the
prevention, screening, and diagnosis of atrial fibrillation. By enabling convenient, prolonged,
and patient-centred heart rhythm monitoring during daily life, including sports and fitness
activities, outside traditional healthcare settings, they address many longstanding limitations of

conventional methods, including the low sensitivity of single-timepoint assessments to the poor
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acceptability of prolonged Holter monitoring. Across diverse clinical scenarios, including
population screening, post-operative surveillance, cryptogenic stroke evaluation, and primary
prevention in high-risk individuals, wearables consistently demonstrate high diagnostic
accuracy, improved detection of subclinical and silent AF, and the potential to facilitate earlier

therapeutic intervention.

This review highlights that while technical performance of current-generation smartwatches,
patches, and textile-based systems is already clinically meaningful, their ultimate value will
depend on successful integration into structured care pathways, thoughtful attention to human
factors, and rigorous validation in large-scale outcome trials. When combined with appropriate
patient selection, physician oversight, and seamless data integration with electronic health
records, fitness trackers and wearable technologies offer a realistic opportunity to shift the
paradigm of AF management from reactive treatment of complications to truly proactive,

personalised prevention.

This paradigm shift is particularly relevant in physically active and athletic populations, in
whom arrhythmias often manifest in relation to exercise and training load. By capturing both
heart rhythm and objective markers of physical activity in real-world conditions, wearable
technologies bridge the gap between sports cardiology and routine clinical care. Their value lies
not only in detection, but in enabling safer, individualized exercise strategies that align rhythm
monitoring with lifestyle and performance goals.

In the coming years, as sensor technology, artificial intelligence algorithms, and healthcare
system integration continue to mature, fitness trackers and wearable devices are poised to
become a cornerstone of modern cardiology, not merely as consumer gadgets, but as powerful
clinical tools that can meaningfully reduce the global burden of atrial fibrillation and its

devastating complications.

Disclosure

Author Contributions

Conceptualization: Barbara Jelonek, Wiktoria Tloczek, Dominika Zukowiecka-Sega,
Dagmara Porada

Methodology: Barbara Jelonek, Wiktoria Ttoczek, Wiktoria Sliwa, Daria Twardowska
Software: Barbara Jelonek, Barbara Tomczak

Check: Barbara Jelonek, Wiktoria Ttoczek

Formal analysis: Karolina Klubikowska, Barbara Tomczak

15



Investigation: Daria Twardowska, Dominika Zukowiecka-Sega, Matgorzata Wandzel
Resources: Dagmara Porada, Karolina Klubikowska, Kamil Topolski

Data curation: Wiktoria Sliwa, Barbara Tomczak, Dagmara Porada,

Writing-rough preparation: Barbara Jelonek, Karolina Klubikowska, Matgorzata Wandzel
Writing-review and editing: Barbara Jelonek, Wiktoria Ttoczek, Kamil Topolski

Project administration: Barbara Jelonek

All authors have read and agreed with the published version of the manuscript.
Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgements: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References:

1. Van Gelder IC, Rienstra M, Bunting KV, Casado-Arroyo R, Caso V, Crijns HIGM, et al. 2024 ESC
Guidelines for the management of atrial fibrillation developed in collaboration with the European
Association for Cardio-Thoracic Surgery (EACTS). European Heart Journal. 2024 Sep 29;45(36):3314—
414. doi:10.1093/eurheartj/ehael76

2. Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour LM, et al. Global Burden
of Cardiovascular Diseases and Risk Factors, 1990-2019. Journal of the American College of
Cardiology. 2020 Dec;76(25):2982—-3021. doi:10.1016/j.jacc.2020.11.010

3. Lippi G, Sanchis-Gomar F, Cervellin G. Global epidemiology of atrial fibrillation: An increasing
epidemic and public health challenge. International Journal of Stroke. 2021 Feb;16(2):217-21.
doi:10.1177/1747493019897870

4. Alonso A, Alam AB, Kamel H, Subbian V, Qian J, Boerwinkle E, et al. Epidemiology of atrial
fibrillation in the AIll of Us Research Program. Santulli G, editor. PLoS ONE. 2022 Mar
16;17(3):0265498. doi:10.1371/journal.pone.0265498

5. Isakadze N, Martin SS. How useful is the smartwatch ECG? Trends in Cardiovascular Medicine.
2020 Oct;30(7):442-8. doi:10.1016/j.tcm.2019.10.010

6. Bouzid Z, Al-Zaiti SS, Bond R, Sejdi¢ E. Remote and wearable ECG devices with diagnostic
abilities in adults: A state-of-the-science scoping review. Heart Rhythm. 2022 Jul;19(7):1192-201.
doi:10.1016/j.hrthm.2022.02.030

7. Avanu AE, Dodi G. Wear Your Heart on Your Sleeve: Smart Textile ECG Wearables for Comfort,
Integration, Signal Quality and Continuous Monitoring in Paroxysmal Atrial Fibrillation. Sensors. 2025
Jan 23;25(3):676. doi:10.3390/s25030676

8. Terada T, Hausen M, Way KL, O’Neill CD, Margal IR, Dorian P, et al. Wearable Devices for

Exercise Prescription and Physical Activity Monitoring in Patients with Various Cardiovascular
Conditions. CJC Open. 2025 May;7(5):695-706. doi:10.1016/j.cjco0.2025.02.017

16



9. Mizuno A, Changolkar S, Patel MS. Wearable Devices to Monitor and Reduce the Risk of
Cardiovascular Disease: Evidence and Opportunities. Annu Rev Med. 2021 Jan 27;72(1):459-71.
doi:10.1146/annurev-med-050919-031534

10. Ding EY, Marcus GM, McManus DD. Emerging Technologies for Identifying Atrial Fibrillation.
Circulation Research. 2020 Jun 19;127(1):128-42. doi:10.1161/CIRCRESAHA.119.316342

11. Prieto-Avalos G, Cruz-Ramos NA, Alor-Hernandez G, Sanchez-Cervantes JL, Rodriguez-Mazahua
L, Guarneros-Nolasco LR. Wearable Devices for Physical Monitoring of Heart: A Review. Biosensors.
2022 May 2;12(5):292. doi:10.3390/bios12050292

12. Steinhubl SR, Waalen J, Edwards AM, Ariniello LM, Mehta RR, Ebner GS, et al. Effect of a Home-
Based Wearable Continuous ECG Monitoring Patch on Detection of Undiagnosed Atrial Fibrillation:
The mSToPS Randomized Clinical Trial. JAMA. 2018 Jul 10;320(2):146. doi:10.1001/jama.2018.8102

13. Treskes RW, Gielen W, Wermer MJ, Grauss RW, Van Alem AP, Dehnavi RA, et al. Mobile phones
in cryptogenic strOke patients Bringing single Lead ECGs for Atrial Fibrillation detection (MOBILE-
AF): study protocol for a randomised controlled trial. Trials. 2017 Dec;18(1):402. doi:10.1186/s13063-
017-2131-0

14. Hickey KT, Hauser NR, Valente LE, Riga TC, Frulla AP, Creber RM, et al. A single-center
randomized, controlled trial investigating the efficacy of a mHealth ECG technology intervention to
improve the detection of atrial fibrillation: the iIHEART study protocol. BMC Cardiovasc Disord. 2016
Dec;16(1):152. doi:10.1186/s12872-016-0327-y

15. Medina-Avelino J, Silva-Bustillos R, Holgado-Terriza JA. Are Wearable ECG Devices Ready for
Hospital at Home Application? Sensors. 2025 May 9;25(10):2982. doi:10.3390/s25102982

16. Abdelrazik A, Eldesouky M, Antoun I, Lau EYM, Koya A, Vali Z, et al. Wearable Devices for
Arrhythmia Detection: Advancements and Clinical Implications. Sensors. 2025 Apr 30;25(9):2848.
d0i:10.3390/s25092848

17. Sibomana O, Hakayuwa CM, Obianke A, Gahire H, Munyantore J, Chilala MM. Diagnostic
accuracy of ECG smart chest patches versus PPG smartwatches for atrial fibrillation detection: a
systematic review and meta-analysis. BMC Cardiovasc Disord. 2025 Feb 25;25(1):132.
doi:10.1186/s12872-025-04582-2

18. Ding C, Xiao R, Wang W, Holdsworth E, Hu X. Photoplethysmography based atrial fibrillation
detection: a continually growing field. Physiol Meas. 2024 Apr 1;45(4):04TR01. doi:10.1088/1361-
6579/ad37ee

19. Ramkumar S, Nerlekar N, D’Souza D, Pol DJ, Kalman JM, Marwick TH. Atrial fibrillation
detection using single lead portable electrocardiographic monitoring: a systematic review and meta-
analysis. BMJ Open. 2018 Sep;8(9):e024178. doi:10.1136/bmjopen-2018-024178

20. Jaradat O, Drury P, Rihari-Thomas J, Frost S. Non-invasive monitoring strategies for atrial
fibrillation detection in adult cardiac surgery patients after hospital discharge: A scoping review. Heart
& Lung. 2025 Sep;73:9-18. doi:10.1016/j.hrting.2025.04.023

21. Park YJ, Bae MH. Screening and diagnosis of atrial fibrillation using wearable devices. Korean J
Intern Med. 2025 Jan 1;40(1):7-14. doi:10.3904/kjim.2023.521

17



22. Barbosa IOF, De Oliveira BC, Santos CKM, Miranda MCR, Barbosa GA, Junior ADSM.
Smartphone-Based Applications for Atrial Fibrillation Detection: A Systematic Review and Meta-
Analysis of Diagnostic Test Accuracy. Telemedicine and e-Health. 2025 Jun 1;31(6):687—-700.
doi:10.1089/tmj.2024.0579

23. Prasitlumkum N, Cheungpasitporn W, Chokesuwattanaskul A, Thangjui S, Thongprayoon C,
Bathini T, et al. Diagnostic accuracy of smart gadgets/wearable devices in detecting atrial fibrillation:
A systematic review and meta-analysis. Archives of Cardiovascular Diseases. 2021 Jan;114(1):4-16.
doi:10.1016/j.acvd.2020.05.015

24. Babar F, Cheema AM, Ahmad Z, Sarfraz A, Sarfraz Z, Ashraff H, et al. Sensitivity and Specificity
of Wearables for Atrial Fibrillation in Elderly Populations: A Systematic Review. Curr Cardiol Rep.
2023 Jul;25(7):761-79. doi:10.1007/s11886-023-01898-3

25. Tedeschi R, Giorgi F, Ricci V, Vita F, Donati D. Wearable technology in rehabilitation: assessing
the impact of the Apple watch on physical activity and cardiovascular health: a scoping review. J Sports
Med Phys Fitness. 2025 Nov;65(12). doi:10.23736/S0022-4707.25.16874-6

26. Buckley JP, Terada T, Lion A, Reed JL. Is breathing frequency a potential means for monitoring
exercise intensity in people with atrial fibrillation and coronary heart disease when heart rate is
mitigated? Eur J Appl Physiol. 2024 Oct;124(10):2881-91. doi:10.1007/s00421-024-05487-2

27. Lee S, Chu Y, Ryu J, Park YJ, Yang S, Koh SB. Atrtificial Intelligence for Detection of
Cardiovascular-Related Diseases from Wearable Devices: A Systematic Review and Meta-Analysis.
Yonsei Med J. 2022;63(Suppl):S93. doi:10.3349/ym;.2022.63.593

28. Jacobsen M, Dembek TA, Ziakos AP, Gholamipoor R, Kobbe G, Kollmann M, et al. Reliable
Detection of Atrial Fibrillation with a Medical Wearable during Inpatient Conditions. Sensors. 2020 Sep
26;20(19):5517. doi:10.3390/520195517

29. Kim HA, Lee H, Park HS, Ahn J, Lee SM, Choi SY, et al. Wearable ECG patch monitoring for 72
h is comparable to conventional Holter monitoring for 24 h to detect cardiogenic vertigo. Sci Rep. 2025
Mar 5;15(1):7744. doi:10.1038/s41598-025-92472-0

30. Suresh Kumar S, Connolly P, Maier A. Considering User Experience and Behavioral Approaches
in the Design of mHealth Interventions for Atrial Fibrillation: Systematic Review. J Med Internet Res.
2024 Oct 4,26:e54405. doi:10.2196/54405

31. Fredriksson T, Kemp Gudmundsdottir K, Frykman V, Friberg L, Al-Khalili F, Engdahl J, et al.
Intermittent vs continuous electrocardiogram event recording for detection of atrial fibrillation—
Compliance and ease of use in an ambulatory elderly population. Clinical Cardiology. 2020
Apr;43(4):355-62. doi:10.1002/clc.23323

32. Gumprecht J, Lip GYH, Sokal A, Sredniawa B, Mitrega K, Stokwiszewski J, et al. Relationship
between diabetes mellitus and atrial fibrillation prevalence in the Polish population: a report from the
Non-invasive Monitoring for Early Detection of Atrial Fibrillation (NOMED-AF) prospective cross-
sectional observational study. Cardiovasc Diabetol. 2021 Dec;20(1):128. doi:10.1186/s12933-021-
01318-2

33. Heo NJ, Rhee SY, Waalen J, Steinhubl S. Chronic kidney disease and undiagnosed atrial fibrillation

in individuals with diabetes. Cardiovasc Diabetol. 2020 Dec;19(1):157. do0i:10.1186/s12933-020-
01128-y

18



34. Gruwez H, De Melio N, Vermunicht P, Van Langenhoven L, Desteghe L, Lamberigts M, et al.
Improving atrial fibrillation or flutter detection and management by smartphone-based
photoplethysmography rhythm monitoring following cardiac surgery: a pragmatic randomized trial.
Europace. 2025 Feb 5;27(2):euaf015. doi:10.1093/europace/euaf015

35. Huette P, Beyls C, Diouf M, Ibrahima A, Haye G, Guilbart M, et al. Study protocol: diagnosis of
atrial fibrillation in postoperative thoracic surgery using a smartwatch, an open-label randomised
controlled study (THOFAWATCH trial). BMJ Open. 2025 Apr;15(4):e097765. doi:10.1136/bmjopen-
2024-097765

36. Ho JS, Ho ES, Yeo LL, Kong WK, Li TY, Tan BY, et al. Use of wearable technology in cardiac
monitoring after cryptogenic stroke or embolic stroke of undetermined source: a systematic review.
Singapore Medical Journal. 2024 Jul;65(7):370-9. doi:10.4103/singaporemedj.SMJ-2022-143

37. Seifert M, Meretz D, Haase-Fielitz A, Georgi C, Bannehr M, Moeller V, et al. Impact of Physical
Activity in Patients With Atrial Fibrillation Undergoing Catheter Ablation: The Multicenter
Randomized BE-ACTION Trial. Circ: Cardiovascular Quality and Outcomes. 2024 Oct;17(10).
d0i:10.1161/CIRCOUTCOMES.124.010877

38. Turakhia MP, Desai M, Hedlin H, Rajmane A, Talati N, Ferris T, et al. Rationale and design of a
large-scale, app-based study to identify cardiac arrhythmias using a smartwatch: The Apple Heart Study.
American Heart Journal. 2019 Jan;207:66—75. doi:10.1016/j.ahj.2018.09.002

39. Feldman K, Duncan RG, Nguyen A, Cook-Wiens G, Elad Y, Nuckols T, et al. Will Apple devices’
passive atrial fibrillation detection prevent strokes? Estimating the proportion of high-risk actionable
patients with real-world user data. Journal of the American Medical Informatics Association. 2022 May
11;29(6):1040-9. doi:10.1093/jamia/ocac009

40. Kashou AH, Adedinsewo DA, Noseworthy PA. Subclinical Atrial Fibrillation: A Silent Threat with
Uncertain Implications. Annu Rev Med. 2022 Jan 27;73(1):355-62. doi:10.1146/annurev-med-042420-
105906

41. Fu W, Li R. Diagnostic performance of a wearing dynamic ECG recorder for atrial fibrillation
screening: the HUAMI heart study. BMC Cardiovasc Disord. 2021 Dec;21(1):558. doi:10.1186/512872-
021-02363-1

42. Mohamoud A, Jensen J, Buda KG. Consumer-grade wearable cardiac monitors: What they do well,
and what needs work. CCJM. 2024 Jan;91(1):23-9. doi:10.3949/ccjm.91a.23030

43. Dausin C, Tironi RM, Cornelissen V, Hespel P, Willems R, Haykowsky M, et al. Your Heart Can’t
See What Sneakers You Are Wearing: Exercise Training Load in Endurance Athletes Is Inadequately
Quantified in Sports Cardiology. Canadian Journal of Cardiology. 2025 Mar;41(3):354-63.
doi:10.1016/j.cjca.2024.12.009

44. Brik T, Lucassen WAM, Harskamp RE, Karregat EPM, Himmelreich JCL, Busschers WB, et al.
Personalized approach using wearable technology for early detection of atrial fibrillation in high-risk
primary care patients (PATCH-AF): Study protocol for a cluster randomized controlled trial. American
Heart Journal. 2022 Dec;254:172-82. doi:10.1016/j.ahj.2022.09.002

45. Freyer L, Von Stilpnagel L, Spielbichler P, Sappler N, Wenner F, Schreinlechner M, et al. Rationale
and design of a digital trial using smartphones to detect subclinical atrial fibrillation in a population at
risk: The eHealth-based bavarian alternative detection of Atrial Fibrillation (eBRAVE-AF) trial.
American Heart Journal. 2021 Nov;241:26-34. doi:10.1016/j.ahj.2021.06.008

19



