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Abstract

Background: Regular physical activity is a cornerstone of cardiovascular prevention; however,
recent evidence points to a "physical activity paradox." Master athletes engaged in long-term,
high-intensity endurance sports show an increased incidence of atrial fibrillation (AF). This
presents challenges regarding training safety and the quality of life for patients whose identity is

tied to sports.

Aim: To summarize current knowledge on the link between long-term endurance training and AF

risk in master athletes, and to analyze its impact on their quality of life and physical performance.

Materials and Methods: A literature review (PubMed, Scopus, Web of Science, 2020-2026)
was conducted, including cohort studies, meta-analyses, and ESC guidelines. Fifty-eight relevant

references were analyzed.

Results: Analysis confirms a "U-shaped" or "J-shaped" relationship between exercise dose and
AF risk. Endurance athletes have a 2 to 10 times higher AF risk than sedentary individuals,
linked to structural remodeling (atrial enlargement, fibrosis) and autonomic changes. AF
significantly reduces quality of life in previously active individuals. Moderate training reduction

and early radiofrequency (RF) ablation are highly effective in improving outcomes.

Conclusions: Despite arrhythmia risks, the cardiovascular benefits of exercise outweigh

mortality risks; however, master athletes require an individualized clinical approach. Education


https://orcid.org/0009-0006-0251-0591
mailto:annagliwa97@gmail.com

on intensity modification and monitoring psychophysical well-being are key to maintaining high

quality of life in these patients.

Keywords: master athletes, atrial fibrillation, athlete’s heart, quality of life, endurance training.

Introduction

Atrial fibrillation (AF) is currently the most frequently diagnosed sustained supraventricular
arrhythmia in the general population [22, 28]. For decades, evidence-based medicine has
promoted regular physical activity as the cornerstone of primary and secondary prevention of
cardiovascular diseases, emphasizing its beneficial impact on reducing blood pressure, improving
lipid profiles, and controlling glycemia [9, 53]. Nevertheless, progress in the field of sports
cardiology has identified a specific group of patients—veteran athletes—in whom long-term
exposure to extreme hemodynamic loads leads to a phenomenon known as the "physical activity
paradox." In this population, despite the absence of classical risk factors such as obesity, smoking,
or metabolic syndrome, the incidence of AF is paradoxically higher than in their peers who lead
moderately active lifestyles [1, 30, 36].

The relationship between exercise dose and the risk of atrial fibrillation follows a "U-shaped"
or "J-shaped" curve. This indicates that while moderate sports activity protects against arrhythmia
by improving endothelial function and reducing inflammation, exceeding a certain threshold of
training volume and intensity drastically increases atrial susceptibility to fibrillation [26, 27, 56].
The pathophysiological basis of this condition is exceptionally complex and extends beyond the
simple framework of physiological adaptation. Chronic stretching of the left atrial walls during
prolonged training sessions induces micro-injuries at the cellular level, which activate pro-
fibrotic cascades [14, 20]. This process leads to the excessive accumulation of collagen in
intercellular spaces, causing fibrosis, which permanently disrupts electrical conduction and
promotes the formation of ectopic foci [2, 52]. The development of ectopic foci in veteran
athletes is not a random phenomenon but results from a specific interaction between structural
remodeling and electrophysiological disturbances within the junctions of the pulmonary veins

and the left atrium. In endurance athletes, as a result of chronic mechanical stretching of the



pulmonary vein ostia during exertion, atrial myocytes proliferate into the venous vessels (so-
called atrial sleeves). These muscular extensions are characterized by distinct
electrophysiological properties—they exhibit a shorter refractory period and increased
automaticity, making them a dominant source of premature atrial contractions (PACs) [18, 52].

This mechanism is further stimulated by disturbances in intracellular calcium homeostasis.
Recurrent oxidative stress and chronic exposure to high catecholamine concentrations during
training lead to the dysfunction of ryanodine receptors (RyR2). This results in spontaneous
calcium leaks from the sarcoplasmic reticulum, inducing delayed afterdepolarizations (DADs)
and consequently generating ectopic electrical impulses [23, 57]. In veteran athletes, these foci
become particularly active during periods of increased vagal tone (e.g., during sleep or at rest
after exercise). Vagotonia, as a form of athletic adaptation, shortens the atrial refractory period in
a non-homogeneous manner, meaning that refractory periods within the atrium are not uniform.
Consequently, a single ectopic beat from a pulmonary vein can act as a trigger, initiating full-
blown tachycardia or atrial fibrillation via a re-entry mechanism [33, 52]. As shown by Guasch et
al. [20], the number of these ectopic discharges in veteran athletes is significantly higher than in
sedentary individuals, which directly correlates with the degree of tissue fibrosis in the vein-
atrium transition zone [2, 52].

Additionally, veteran athletes exhibit increased vagal tone. This phenomenon, known as
hypervagotonia, results from two primary mechanisms. The first is neurological or central
remodeling. In this process, the central nervous system, adapting to long-term physical exertion,
increases parasympathetic tone. Elevated vagal tone in veteran athletes serves as an energy-
saving mechanism aimed at minimizing myocardial oxygen demand and optimizing stroke
volume. However, the resulting extreme resting bradycardia creates a favorable
electrophysiological window for ectopic triggers, which, combined with the shortened atrial
refractoriness, promotes the initiation of AF [3, 33, 52]. The second primary mechanism of
hypervagotonia involves changes in the sinoatrial node, referred to as the peripheral mechanism.
Regular physical exertion causes the remodeling of ion channels in the sinoatrial node, the heart's
primary pacemaker. Regular physical activity induces electrophysiological remodeling of the
sinoatrial node, manifested by the down-regulation (decreased expression) of $I f$ pacemaker
current channels (the so-called "funny" channels). This process leads to a reduction in the heart's

intrinsic automaticity, which, along with concurrent hypervagotonia, results in the dominance of



the parasympathetic system in modulating the sinus rhythm [3, 33]. While hypervagotonia in
young athletes is a physiological and safe phenomenon, in veteran athletes—individuals with 20—
30 years of training experience—it can constitute a risk factor for arrhythmia. In this group,
athletic bradycardia, combined with the altered atrial structure and fibrosis, may facilitate ectopic
beats, thereby initiating atrial fibrillation [3, 33, 52].

It is also worth noting that the clinical presentation of AF in athletes evolves with age and
competitive experience. Modern diagnostic methods, such as high-resolution echocardiography,
allow for the identification of subtle changes in atrial mechanics that precede the onset of full-
blown arrhythmia [5, 19, 23]. Another significant aspect involves sex-based differences. While
the majority of historical data concerns men, an increasing number of studies suggest that atrial
remodeling in female veteran athletes may follow a different course, and the relationship between
physical exertion intensity and the body's response exhibits specific sex-related characteristics
[49, 54].

The onset of symptomatic arrhythmia in veteran athletes—manifesting as palpitations,
exertional dyspnea, or a sudden decline in physical performance—Ileads to a significant reduction
in subjective quality of life (QoL) [8, 10, 51]. Many athletes experience anxiety regarding sudden
cardiac death, which results in kinesiophobia and a distressing withdrawal from physical activity
[46, 55]. Understanding this relationship is crucial for developing individualized therapeutic
strategies, such as early rhythm control or ablation, which allow for the safe continuation of an
active lifestyle [17, 40, 41]. This paper provides a comprehensive review of current literature,
integrating the latest clinical findings with key aspects of quality of life in this specific patient

population.

Methodology

This study was prepared based on a systematic literature review methodology, focusing on
scientific publications indexed in key biomedical databases: PubMed, Scopus, Web of Science,
and Google Scholar. The source search process was conducted between January 2020 and April

2026. The search strategy relied on combining keywords using Boolean operators. The following

nmn nn

terms were utilized in both English and Polish: "atrial fibrillation," "master athletes," "endurance

nmn nn nmn nn

training," "quality of life," "sports cardiology," "migotanie przedsionkéw," "weterani sportu," and

"jako$¢ zycia."



The analysis included articles meeting the following criteria: (1) original research papers, (2)
review articles and meta-analyses, (3) official guidelines from scientific societies, including the
European Society of Cardiology (ESC) and the American Heart Association (AHA), and (4)
publications concerning the population of master athletes (individuals over 35 years of age with
long-term training experience). Particular emphasis was placed on the latest reports published
between 2024 and 2026 to ensure the current relevance of the presented data [22, 42, 57].

The preliminary selection involved analyzing titles and abstracts for their alignment with the
study objective. In the second stage, a full-text analysis of the selected publications was
performed to assess their substantive and methodological value. A total of 58 references were
qualified for the final study, serving as the basis for formulating results and conclusions. The
collected data underwent qualitative synthesis, which allowed for the structuring of the results

into thematic subsections.

Results
Epidemiology of Atrial Fibrillation (AF) in Master Athletes

Analysis of the available literature indicates a non-linear relationship between training volume
and the risk of atrial fibrillation, referred to in the literature as the "exercise paradox." Regular,
moderate-intensity physical activity is one of the most potent factors reducing the risk of atrial
fibrillation (AF) in the general population [9, 26, 54]. However, in master athletes, this profile
undergoes a rapid reversal. Cohort studies, including multicenter analyses by Newman et al.,
confirm that endurance athletes exhibit a 2.5- to 10-fold higher risk of developing AF compared
to sedentary individuals, even after adjusting for classical cardiovascular risk factors [30, 36, 40].

In a study involving over 52,000 cross-country ski race participants, Andersen et al.
demonstrated that the risk of arrhythmia increases linearly with the number of completed races
and the performance times achieved; this suggests a direct correlation between cumulative
exercise dose and atrial electrical instability [6]. Similar conclusions can be drawn from analyses
of former players from the National Football League (NFL) and marathon runners, among whom
the prevalence of AF significantly exceeds the population average for their respective age groups

[1,23, 47].



Contemporary cardiovascular epidemiology defines this relationship using a "J-shaped" or "U-
shaped" curve. The inflection point, at which the health benefits of sport give way to an increased
risk of arrhythmia, is a subject of intensive research. Meta-analyses involving millions of
participants suggest that the critical threshold is approximately 1,500-2,000 hours of cumulative
lifetime intensive endurance training [41, 56]. Beyond this value, chronic atrial hemodynamic
overload induces changes that are not observed in recreational athletes. Furthermore, this
phenomenon exhibits distinct sexual dimorphism. In men, the risk of atrial fibrillation (AF) is
strongly correlated with the intensity of sports, while in women, this relationship appears to be
less pronounced, which may result from differences in cardiac chamber remodeling and hormonal
profiles [49, 54].

Veteran athletes who have experienced at least one episode of AF in their lifetime, despite
having low scores on the CHA2DS2-VASc scale, present specific challenges regarding
thromboembolic prevention and stroke risk assessment. The atria in the hearts of individuals who
have exercised intensively for long periods are often enlarged. The larger the atrium and its
appendage, the higher the probability of blood stasis during heart contractions. This blood stasis
can lead to the formation of a thrombus, which, upon detachment from the heart walls, is released
into the systemic circulation and travels to the internal carotid arteries. This can lead to an
embolism within these vessels, resulting in a critical limitation of cerebral perfusion and,
consequently, an ischemic stroke [12, 29, 40]. The epidemiological complexity of AF in those
who have practiced intensive sports for most of their lives necessitates a shift away from standard
algorithms toward individualized clinical assessment, considering not only the presence of

arrhythmia but also the specific "veteran athlete’s heart" phenotype [13, 22, 57].

Sexual Dimorphism in the Epidemiology of AF in Athletes

Contemporary literature increasingly draws attention to significant sex-based differences in
the pathophysiology, prevalence, and clinical manifestation of atrial fibrillation in master athletes.
Historically, the majority of cohort studies and meta-analyses focused almost exclusively on the
male population; however, recent reports indicate that in female master athletes, the relationship
between training load and the risk of pathological changes related to intensive exercise may
follow a different pattern, challenging the universality of the "J-shaped" curve model for both

sexes [49, 54].



From an epidemiological perspective, women engaged in competitive sports less frequently
exhibit the drastic increase in AF risk observed in men with an analogous training history. Wan et
al. [54] noted in their study that women demonstrate a higher tolerance threshold for atrial
volume and pressure overload. This may result from the protective effects of estrogens, which
exhibit anti-fibrotic and anti-inflammatory properties within the myocardium. Furthermore,
sexual dimorphism is evident in cardiac remodeling itself. In women, left atrial (LA) enlargement
is typically less advanced than in men, even after adjusting for differences in body surface area
(BSA). This directly translates into a limitation of the structural substrate necessary for the
initiation and maintenance of circulating excitation waves (re-entry loops) [5, 49].

In a systematic review, Stremnes et al. [49] demonstrated that female patients with AF report
significantly lower quality of life (QoL) scores and higher levels of disease-related anxiety
compared to men. These differences are particularly visible in the domains of emotional and
mental functioning. Female master athletes more frequently complain of atypical symptoms, such
as chronic fatigue or mood disturbances, which are sometimes downplayed during the diagnostic
process. This leads to delays in qualification for effective treatments, such as catheter ablation
[49, 54, 55].

Another essential aspect is the risk of complications. Female sex is a recognized risk factor in
the CHA2DS2-VASc scale; however, in physically active female master athletes, the decision
regarding anticoagulation is often more challenging due to their typically lower profile of other
cardiovascular risk factors [29, 41]. This variability forces clinicians to implement sex-specific
rehabilitation strategies and psychological support, acknowledging that for women, the decline in
performance resulting from atrial fibrillation (AF) is often more strongly associated with a
perceived loss of social roles and health functions [54, 55]. Further research, such as the analyses
conducted by Janik et al. [23], is essential to fully understand the biological determinants of
women’s lower susceptibility to exercise-induced AF. Researchers point, among other factors, to
the protective effect of estrogens, which may inhibit atrial myocardial fibrosis by modulating the
transforming growth factor-beta (TGF-beta) signaling pathways. Furthermore, women exhibit a
more favorable ion channel expression profile and a lower tendency for excessive sympathetic
nervous system activation during prolonged exertion, which limits the formation of ectopic foci.
Understanding these mechanisms, including differences in the remodeling of the cardiac

extracellular matrix (ECM), is crucial for developing precise, individualized training guidelines

10



that allow for the optimization of health benefits while minimizing the risk of arrhythmia in

women [23].
Pathophysiology of Arrhythmia Development

A key element of pathogenesis is so-called structural atrial remodeling, resulting from chronic
hemodynamic overload. During intensive endurance exercise, there is a rapid increase in intra-
chamber pressure and stretching of the left atrial (LA) walls. In young athletes, these changes are
adaptive and reversible; however, in master athletes with long-term training seniority, they lead
to permanent micro-defects in the myocyte structure [13, 20, 23].

Mechanical tissue overload induces cellular signaling pathways responsible for the
progression of fibrosis. This leads to excessive fibroblast proliferation and collagen deposition
within the extracellular matrix, as confirmed by cardiac magnetic resonance imaging studies [2,
19, 52]. Dispersed fibrotic foci within the atrial myocardium induce heterogeneity in myocardial
depolarization and the formation of numerous slow-conduction zones, which provide the
structural substrate for the re-entry mechanism [14, 20, 52]. Additionally, Guasch et al. indicate
that intensive training may induce low-grade inflammation, further exacerbating pro-arrhythmic
processes within the left atrial appendage [20].

Electrical and autonomic remodeling also play a significant role. Master athletes exhibit
increased vagal tone (vagotonia), which serves as a physiological marker of high aerobic capacity
but simultaneously shortens the duration of the action potential and the atrial refractory period [3,
33, 52]. This phenomenon, combined with sinus bradycardia—common among athletes—
facilitates the induction of arrhythmia by ectopic beats, originating most frequently from the
pulmonary vein ostia [18, 25, 33].

Contemporary molecular reports also suggest the involvement of disturbances in calcium ion
(Ca2+) homeostasis and oxidative stress, which destabilize the myocyte cell membrane.
Oxidative stress and metabolic changes cause ryanodine receptors (RyR2) to become "leaky,"
leading to calcium efflux during diastole. The excess calcium in the cytoplasm activates the
sodium-calcium exchanger. To remove one calcium ion, the exchanger pulls three sodium ions
into the cell. As sodium ions carry a positive charge, this can lead to the formation of so-called
delayed afterdepolarizations (DADs). If these afterdepolarizations reach the threshold potential,

they trigger a premature electrical impulse (extrasystole), which may initiate tachycardia or

11



fibrillation [23]. In veteran athletes, a specific "pathophysiological storm" occurs, where

structural changes (atrial enlargement and fibrosis), autonomic modulation (vagotonia), and

hemodynamic alterations (left ventricular hypertrophy and diastolic dysfunction) interact in the

initiation and progression of atrial fibrillation (AF) [10, 13, 30, 57]. The complexity of these

processes suggests that AF in athletes is not merely an "idiopathic" arrhythmia but the result of a

specific organ remodeling, sometimes referred to as "veteran's heart syndrome" [22, 57].

Table 1. Pathophysiological pro-arrhythmic mechanisms in master athletes.

RyR2 "leak")

Level of Changes [Pathophysiological Mechanism  [Electrophysiological Consequences
Structural Fibrosis and atrial remodeling Heterogeneity of conduction, re-entry
substrate
Autonomic ‘ Shortening of the action potential and
Increased vagal tone (vagotonia) refractory period
Hemodynamic Stretching of the left atrial walls |Increased intra-chamber pressure, atrial
during exertion enlargement
Inflammatory Low-grade systemic inflammation [Myocyte  damage, pro-arrhythmic
environment
Genetic/Molecular [[on channel dysfunction (e.g., [Delayed afterdepolarizations (DADs)
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Based on data gathered in: Guasch E, Mont L, Atrial fibrillation in athletes: pathophysiology and
clinical management; Albaeni A, Atrial strain as a predictor of atrial fibrillation in master athletes;
Janik M, Oxidative stress and calcium signaling in the athlete's heart; Heidbuchel H, The athlete's
heart as a pro-arrhythmic substrate; Pelliccia A, et al., ESC Guidelines on sports cardiology and

exercise in patients with cardiovascular disease.

The Impact of AF on Performance and Quality of Life

The primary effect of atrial fibrillation (AF) is a significant impairment of the heart's
hemodynamic performance. In athletes with physiological bradycardia and left ventricular
hypertrophy, the atrial contraction (the so-called "atrial kick") accounts for a substantial portion
of cardiac output. Its loss leads to a 15-30% decrease in stroke volume [17, 25]. Combined with
an irregular and often excessively rapid ventricular response, this results in a sudden decline in
physical performance, acute exacerbation of dyspnea, and intolerance to workloads that were
previously well-tolerated by the athlete [20, 30].

The impact of arrhythmia on the quality of life (QoL) of master athletes is considerably deeper
than in the general population. In studies involving athletes with AF using standardized research
tools—such as the SF-36, MacNew, or EQ-5D-5L questionnaires—a significant reduction in
parameters related to physical capacity and subjective health assessment has been noted [10, 46,
51]. The decline in QoL is more strongly correlated with arrhythmic symptoms in these
individuals than in sedentary patients. Master athletes, for whom physical activity is a pillar of
social identity and a mechanism for coping with aging, often perceive an AF diagnosis in terms
of "athletic disability" [46, 49].

Another critical aspect is the psychological component manifesting as kinesiophobia—the fear
of physical activity. The apprehension that exercise may trigger a recurrent episode of arrhythmia
leads to a paradoxical avoidance of movement. For individuals previously dependent on
endorphins and regular exertion, this induced state often leads to anxiety and depressive
symptoms [46, 55, 58]. Stremnes et al. highlight significant sex-based differences in this regard,
indicating that women with AF may experience an even greater psychological burden and a more
pronounced decline in quality of life within the emotional sphere [49].

The reduction in quality of life among master athletes with atrial fibrillation (AF) also stems

from the necessity of pharmacotherapy. Beta-blockers, which are the standard for ventricular rate
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control, are poorly tolerated in the athletic population. Their negative impact results primarily
from the limitation of the physiological chronotropic reserve—by blocking beta-1 receptors in the
sinoatrial node, they prevent the heart from reaching the maximum heart rate required to meet
metabolic demands during extreme exertion. This results in impaired cardiac output, which
athletes subjectively experience as a sudden drop in aerobic capacity and a decline in
psychophysical well-being [18, 51].

Consequently, the therapeutic priority in this patient group becomes the improvement of
quality of life, often defined by a return to full athletic activity. This approach shifts the clinical
focus from mere rate control toward a rhythm control strategy. This justifies an early and decisive
pursuit of permanent sinus rhythm restoration through catheter ablation of the arrhythmic
substrate, allowing patients to avoid pharmacotherapy that limits their exercise reserves [40, 46,

58].

Table 2. Challenges in the Treatment and Prevention of AF Complications in Master Athletes

Clinical Area

Standard
Approach

Challenge in Master
Athletes

Recommended

Solution

Pharmacotherapy

Beta-blockers

(rate control)

Intolerance (drop in

performance, fatigue)

Early catheter ablation|

(RF/Cryo)

Stroke Prevention

CHA2DS2-
'VASc score

Risk underestimation in
large LA; trauma risk

(bleeding)

Individualization
(TEE, sports discipling

assessment)
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Quality of Life Symptom Exercise-related Education, mHealth,
reduction anxiety "exercise prescription”

(kinesiophobia), loss of

identity
Physical Activity Exercise Risk of depression and [Moderate intensity
restriction loss of  metabolic |[interval training]
benefits (AIT/MIIT)
Diagnostics 2D Echo |[Low sensitivity in the [Speckle Tracking
(dimensions) early stages (Strain), Cardiac MRI

(LGE)

Based on data gathered in: Buckley U, et al., Exercise and Atrial Fibrillation; Malmo V, et al.,
Aerobic Interval Training for Atrial Fibrillation; Pallikadavath S, et al., Atrial Fibrillation and
Stroke Risk in Master Athletes; Sale C, et al., Psychological barriers to exercise in cardiac

patients; Heidbuchel H, et al., Sports cardiology and heart rhythm disorders.

Imaging Diagnostics of the "Veteran’s Heart"

Traditional cardiac assessment of the master athlete, based on standard measurements of heart
chamber size, often proves insufficient for identifying early markers of atrial fibrillation (AF) risk.
A key diagnostic challenge lies in distinguishing physiological adaptation (the athlete’s heart)
from pathological changes that may constitute a pro-arrhythmic substrate. Contemporary imaging
diagnostics are shifting the clinical approach from the assessment of linear and volumetric
parameters toward non-invasive tissue characterization and the analysis of atrial contraction

dynamics [5, 13, 19].

15



Advanced echocardiography remains the cornerstone of modern diagnostics, including speckle
tracking echocardiography (STE). This technique allows for the assessment of tissue deformation
(strain) and the rate of that deformation (strain rate) within the left atrium. Albaeni et al. [S] and
Janik et al. [23] noted that in master athletes, a subclinical reduction in the reservoir strain
parameter can precede the clinical onset of arrhythmia by many years, even when atrial
dimensions and volumes remain within the normal range for athletes. Such an approach enables

"

the identification of patients with so-called "atrial myopathy," in whom fibrotic processes are
already advanced [19, 23, 42].

Cardiac magnetic resonance (CMR) imaging, utilizing the late gadolinium enhancement (LGE)
technique, also plays a vital role. It is currently the "gold standard" for the non-invasive
identification of atrial fibrosis. In master athletes, the presence of diffuse LGE areas in the atrial
walls has been demonstrated. This directly correlates with the duration of endurance training in
the subjects and serves as a strong predictor of catheter ablation failure [2, 20, 52]. Furthermore,
MRI allows for precise evaluation of the left atrial appendage (LAA) and the detection of subtle
changes in left ventricular diastolic function, which secondary load the atrium [13, 22].

In cases of planned cardioversion or ablation procedures, transesophageal echocardiography
(TEE) remains an essential component. In master athletes, due to the frequently observed extreme
enlargement of the left atrium, changes in blood flow velocities within the appendage occur; this
increases the risk of thrombus formation even when the CHA2DS2-VASc score indicates low
risk [38, 40]. Modern diagnostic algorithms integrate data from TEE and cardiac computed
tomography (CCT), enabling the creation of three-dimensional electroanatomical maps of the
atria, which are necessary for the precise execution of rhythm control procedures [38, 39, 41]. A
comprehensive assessment of the "veteran’s heart" using advanced imaging techniques allows for
the identification of the moment of irreversible myocardial remodeling. This is crucial for

optimizing therapeutic strategies and maintaining a high quality of life for the patient [10, 46, 57].
The Role of mHealth Technology in Arrhythmia Management

Modern management of atrial fibrillation in highly physically active individuals is evolving
toward a digital medicine model, where mHealth (mobile health) technologies play a pivotal role.
For the master athlete, accustomed to constant monitoring of training parameters using heart rate

monitors and cycling computers, the implementation of patient-integrated devices is a natural
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extension of existing habits. These systems, utilizing advanced photoplethysmography (PPQG)
algorithms and single-lead ECGs integrated into smartwatches, enable continuous monitoring of
heart rhythm in out-of-hospital settings, which is fundamental for the early detection of
arrhythmia recurrence [16, 34, 44].

The use of mobile applications dedicated to patients with atrial fibrillation (AF) allows for the
objectification of the so-called AF burden, a parameter significantly more precise than a patient’s
subjective sensations. In athletes, whose arrhythmic episodes are often correlated with a specific
type of exertion or recovery phase, the ability to immediately record an ECG at the onset of
palpitations allows for a precise link between symptoms and specific training triggers [16, 34, 55].
Losos et al. [34] demonstrated that patients utilizing mHealth technologies exhibit a higher
degree of involvement in the treatment process (self-management), which translates into better
adherence to therapeutic recommendations and lifestyle modifications [44].

In the realm of quality of life, mHealth technologies serve as a powerful tool for reducing
anxiety and kinesiophobia. The ability to independently verify heart rhythm provides master
athletes with a sense of control over their own bodies, which is crucial for overcoming the
psychological barriers to returning to more intensive exercise [34, 55]. These applications enable
the correlation of subjective symptom diaries with objective physical activity parameters. This
allows physicians to precisely program physical exertion based on real-world data rather than
theoretical models alone [8, 43, 44].

Modern telemedicine platforms also facilitate remote communication with the therapeutic
team, shortening reaction times in cases of disease exacerbation and allowing for the optimization
of pharmacological treatment in real-time [16, 45]. In the population of master athletes, who
frequently travel for competitions or training camps, constant access to digital monitoring
constitutes an essential element of their sense of medical security. This directly correlates with

higher quality of life scores in the domains of mental health and social functioning [10, 46, 55].

Effectiveness of Therapeutic Strategies

Selecting the optimal therapeutic strategy for master athletes with atrial fibrillation requires a
shift from a schematic approach toward personalized medicine, where the primary objective is
not only the prevention of complications but, above all, the restoration of physical performance.

It is currently believed that achieving an early restoration of regular heart rhythm (rhythm control)
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is significantly more beneficial for the patient than merely slowing down an excessively rapid
heart rate during arrhythmia (rate control). Analyses conducted by Goette et al. [17] and Lee et al.
[32] indicate that early restoration and maintenance of sinus rhythm prevent adverse electrical
remodeling of the atria and significantly reduce the risk of cardiovascular incidents, which is
crucial for preserving hemodynamic reserve in athletes [25, 44, 58].

Catheter ablation, particularly pulmonary vein isolation (PVI), is emerging as the method of
choice for active athletes. This procedure involves creating precise lesions around the pulmonary
vein ostia where they enter the left atrium, establishing an electrical barrier that blocks the
pathological impulses initiating atrial fibrillation. In this patient group, early procedural
intervention allows for the effective avoidance of antiarrhythmic and beta-blocker
pharmacotherapy, which drastically limits chronotropic reserve and physical performance.
Furthermore, in athletes, PVI is characterized by high efficacy in maintaining long-term sinus
rhythm, directly enabling a safe return to intensive training loads and competitive sports [15, 21,
38].

Master athletes exhibit limited tolerance for Class IC antiarrhythmic drugs (e.g., propafenone,
flecainide) due to the risk of pro-arrhythmic effects during exertion. By excessively slowing
conduction in a structurally altered myocardium, these drugs can lead to the transformation of
atrial fibrillation into flutter with rapid ventricular conduction, posing a direct threat to the athlete.
Another group of drugs that limits the heart's chronotropic response to exercise, drastically
impairing training parameters and reducing quality of life, are beta-blockers [18, 51].

Modern ablation techniques, including high-resolution 3D electroanatomical mapping systems
and force-sensing catheters, allow for the highly precise creation of transmural lesions. The use
of high-frequency jet ventilation (HFJV) during the procedure represents a significant
technological advancement. By minimizing the movement of the chest and heart associated with
the classical respiratory cycle, it ensures exceptional stability of the ablation catheter. In patients
with enlarged atria, where structural geometry is altered and stabilizing catheter-to-tissue contact
is difficult, the application of HFJV allows for continuous and permanent pulmonary vein
isolation. This minimizes the future risk of reconduction—the restoration of electrical conduction
within previously isolated tissues—and significantly increases the success rate after a single

procedure [39].
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A critically important element of modern therapy is lifestyle modification, often referred to as
the "fourth pillar" of AF treatment. While extreme physical exertion acts as a pro-arrhythmic
factor in master athletes, studies by Malmo et al. [35] and meta-analyses by Buckley et al. [§]
demonstrate that appropriately programmed moderate-intensity interval training can
paradoxically reduce AF burden, improve the body's cardiovascular capacity, and maintain
metabolic benefits while simultaneously reducing arrhythmia triggers [4, 11, 43].

Regarding the prevention of thromboembolic complications in master athletes with AF, new
diagnostic challenges are emerging. The traditional CHA2DS2-VASc score may underestimate
risk in athletes with extremely enlarged atria, where the risk of blood stasis and thrombus
formation in the left atrial appendage is real, despite the absence of typical risk factors such as
hypertension or diabetes [29, 38, 40]. Consequently, advanced imaging is playing an increasingly
vital role, including transesophageal echocardiography (TEE), which allows for the precise
assessment of appendage morphology and function prior to planned cardioversion or ablation [38,
41]. A holistic approach, combining modern procedural techniques with the optimization of
exercise dosage and the use of mHealth technologies for self-monitoring of heart rhythm,

currently represents the most effective care model for the master athlete [16, 34, 44].

Table 3. Impact of Medical and Behavioral Interventions on the Subjective Quality of Life (QoL)
of Athletes.

Type of [Impact on Physical [mpact on Psychological |Clinical Remarks
Intervention QoL Domain QoL Domain

Catheter High increase |Anxiety reduction by 40— [Method of choice for
Ablation (symptom 50% active individuals.
(RF/Cryo) elimination)
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Interval Training [Capacity Increase in self-efficacy ~ |[Reduction in  AF
(AIT) improvement by 10— burden.
15%
mHealth Stabilization  (heart [Significant reduction in [Real-time
Monitoring rate control) lkinesiophobia biofeedback.
Beta-blockers Significant decrease [Lowered mood, |[Common cause of
(fatigue) frustration non-adherence.
Education and |[Moderate Reduction of oxidative Key  element  of
Lifestyle improvement stress prevention.

Based on data gathered in: Buckley U, et al., Exercise and Atrial Fibrillation; Malmo V, et al.,
Aerobic Interval Training for Atrial Fibrillation; Pathak RK, et al., Lifestyle modification for
atrial fibrillation; Losos A, et al., mHealth in arrhythmia management; Hindricks G, et al., ESC

Guidelines for the diagnosis and management of atrial fibrillation.

Stroke Prevention

Prophylaxis of thromboembolic complications, with a particular focus on ischemic stroke
incidents, represents one of the most controversial aspects of care for master athletes with atrial
fibrillation. This challenge stems from the fact that this population typically exhibits a low profile
of classical cardiovascular risk factors. Consequently, at the time of diagnosis, most master

athletes score 0 or 1 on the CHA2DS2-VASc scale, which, according to standard guidelines,
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exempts them from the obligation of chronic oral anticoagulation (OAC) [22, 29, 42].
Nonetheless, the question arises whether traditional algorithms are fully reliable in cases of
extreme structural cardiac remodeling [29, 40].

Evidence suggests that the specific "veteran’s heart" phenotype—comprising significant left
atrial enlargement and alterations in left atrial appendage (LAA) morphology—may generate
thrombogenic risk independently of age or hypertension. Long-term training seniority leads to
extracellular matrix remodeling and fibrosis, which can result in blood stasis within the left atrial
appendage, promoting thrombus formation even during sinus rhythm or short-lived episodes of
atrial fibrillation (AF) [2, 12, 38]. In the AFLETES study, Pallikadavath et al. noted that although
the overall stroke risk in veteran athletes is relatively low, the presence of advanced atrial
myopathy identified through imaging (TEE, MRI) should prompt a more individualized
prothrombotic assessment [38, 40, 41].

The decision to initiate anticoagulant therapy (most commonly with NOACs) in a master
athlete must be carefully balanced against the risk of bleeding, which is heightened in this group.
Many endurance disciplines, such as road cycling or trail running, involve a high risk of
mechanical trauma and falls, which—when combined with anticoagulation—can lead to life-
threatening internal or intracranial hemorrhages [12, 30, 41]. Therefore, in the decision-making
process, analyzing the patient's activity profile and maintaining rigorous control of blood pressure
as a modifiable risk factor for hemorrhagic stroke becomes crucial [16, 31, 41].

The contemporary approach emphasizes the "ABC" (Atrial fibrillation Better Care) strategy,
where stroke prevention (A — Anticoagulation/Avoid stroke) is closely linked to the optimization
of risk factors. In master athletes, early ablation is increasingly considered a method to reduce AF
burden; this, combined with aggressive treatment of comorbid conditions (e.g., masked
hypertension), may allow for the avoidance of long-term anticoagulation in patients with low
residual risk [29, 32, 58]. Consequently, a holistic approach to stroke prevention in this
population requires moving beyond the rigid framework of the CHA2DS2-VASc score and
incorporating imaging parameters as well as the characteristics of the practiced sport into the

clinical assessment [38, 40, 53].
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Discussion

The primary point of contention in current research remains whether physical exertion is a
direct etiopathogenic factor of atrial fibrillation (AF) or merely a triggering (phenotypic) factor in
individuals with a preexisting genetic predisposition. Results from extensive cohort studies,
including the analysis by Andersen et al. [6], indicate a clear correlation between cumulative
training load and the risk of arrhythmia, confirming the hypothesis of progressive structural atrial
remodeling induced by long-term exercise.

The traditional approach based on heart rate control using beta-blockers proves to be highly
ineffective in master athletes. As indicated by quality-of-life research [10, 46, 51], the
pharmacological limitation of the heart's chronotropic response is perceived by this patient group
as a barrier preventing them from achieving their life goals. This leads to a decline in their
subjective health well-being. A solution that allows for the maintenance of a high quality of life
and a return to sports in this patient population is an early rhythm control strategy via catheter
ablation [15, 38, 41]. The phenomenon of kinesiophobia, described by Sale et al. [46], also
constitutes a major rehabilitative barrier in this group. mHealth technologies [34, 44], by
providing biofeedback regarding physiological parameters and the ability to immediately verify
heart rhythm, significantly reduce patient anxiety.

Most existing pathophysiological models have been based on the male population [30, 36].
However, the increasing number of female master athletes demonstrates that pro-arrhythmic
mechanisms in women may be mitigated by their hormonal profile [49, 54].

The final and critically important aspect is stroke prevention. Traditional reliance on the
CHA2DS2-VASc score may be unreliable in a population with such specific cardiac remodeling.
As suggested by the latest reports [29, 40], the decision regarding anticoagulation in a master
athlete should result from a consensus between the embolic risk arising from atrial myopathy and
the bleeding risk associated with physical activity. Therefore, comprehensive care for this group
requires close cooperation between the cardiologist, the sports medicine physician, and the

patient within a shared decision-making model.
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Conclusion

The conducted analysis of current literature confirms that intensive, long-term endurance
training constitutes a significant, independent risk factor for the development of atrial fibrillation
in master athletes. It has been demonstrated that the relationship between cumulative training
volume and the incidence of atrial fibrillation follows a "J-shaped" curve, indicating a non-linear
increase in arrhythmic risk among individuals subjected to extreme endurance loads. The key
pro-arrhythmic substrate in this patient group is advanced structural remodeling, manifested by
atrial fibrosis and specific changes in the autonomic nervous system. The contemporary
diagnostic paradigm is evolving from routine methods toward advanced imaging techniques, such
as speckle tracking echocardiography and cardiac magnetic resonance imaging (MRI) with late
gadolinium enhancement (LGE) assessment, enabling precise detection of subclinical myocardial
fibrosis. The onset of atrial fibrillation drastically reduces the quality of life of master athletes,
not only through direct impairment of the heart's mechanical performance and the loss of
hemodynamic reserve but, above all, by inducing exercise-related anxiety, kinesiophobia, and a
sense of lost athletic identity.

In the therapeutic process, an early rhythm control strategy, with particular emphasis on
catheter ablation, demonstrates a clear advantage over classical antiarrhythmic pharmacotherapy.
Beta-blockers are often poorly tolerated by highly active individuals and limit the benefits
derived from training. Furthermore, sexual dimorphism in the epidemiology of atrial fibrillation
(AF) suggests the need to implement sex-specific cardiac surveillance algorithms that account for
women’s lower susceptibility to pro-arrhythmic atrial remodeling. Ultimately, optimal
management of the athlete-patient should integrate modern mHealth technologies with an
individualized assessment of thromboembolic risk that extends beyond the rigid framework of
standard scoring scales such as CHA2DS2-VASc. A holistic approach, combining precise
medical intervention with lifestyle modification and moderate physical exertion, constitutes the

foundation of modern sports cardiology.
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Table 4. Comparison of AF Risk and Structural Parameters in Athletes vs.Control Group

(Numerical Data).

L{esult /  Value

Parameter / Study Athlete Group Control Group
(Numerical)
AF  Risk  (Meta- [Endurance athletes  [Inactive OR: 2.46 (95% CI:
analysis) individuals 1.88-3.22)
Left Atrial Volume [Master athletes |Control group 34.2 vs. 22.1 ml/m?
Index (LA Vi) (cyclists/runners) (p <0.001)
AF Frequency |Participants of > 5 |General HR: 1.29 (95% CI:
(Vasaloppet Study) races population 1.04-1.61)
Ablation Efficacy (12 |Athletes Inactive patients  [85% Vs. 72%
months) (paroxysmal AF) (freedom from
arrhythmia)
VO2 max Decline in |Athletes with |Athletes (sinus |Reduction of approx.
AF arrhythmia rhythm) 15-20%
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Based on data gathered in: Andersen K, et al., Risk of arrhythmias in 52,755 long-distance cross-
country skiers (Vasaloppet); Pathak RK, et al., Meta-analysis of atrial fibrillation risk in
endurance athletes; Myrstad M, et al., Atrial fibrillation in master endurance athletes; Mont L, et
al., Efficacy of radiofrequency ablation in athletes; Pallikadavath S, et al., Left atrial remodeling

in the veteran athlete.
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