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Abstract: Although the benefits of exercise training have been shown repeatedly in many studies,
its relation with the occurrence of atrial fibrillation (AF) in competitive athletes still remains
controversial. In the present review we sought to demonstrate a comprehensive report of incidence,
pathophysiology and therapeutic approach of AF in elite athletes. A 2 to 10 times higher frequency
of AF in high intensity endurance athletes compared to individuals who do not exercise has been
shown in many studies. Moreover, a U-shaped relationship between male elite athletes and AF is
demonstrated through this finding, while the type and the years of physical activity seem to relate
with AF development. A strong association among type of exercise (endurance sports), age
(>55years), gender (males) and time of exercise training, and increased AF risk seems to exist.
Pathophysiology of AF still remains unclear but, there are suggested theories that include complex
mechanisms such as bi-atrial dilatation and pulmonary veins stretch, cardiac inflammation, fibrosis,
and increased vagal tone. Elite athletes with AF require a comprehensive clinical evaluation and
risk factor optimization, similar to that for nonathletes. Although anticoagulation and rate or
rhythm control are corner stones for AF management, however, there are still no specific guidelines
for elite athletes.
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1. Introduction

Regular exercise training has shown excellent results in the battle against traditional
cardiovascular risk factors, and have demonstrated improvement in insulin sensitivity, lipidemic
profile, and mortality by all causes, with advanced levels of endurance training further improving
these outcomes [1-3]. Although the benefits of exercise training have been shown repeatedly in many
studies, its relation with the occurrence of atrial fibrillation (AF) in competitive athletes still remains
controversial.

AF is one of the most frequent cardiac arrhythmias in middle-aged athletes [4]. Recent studies
have presented a significant association between regular endurance exercise and increased risk of
AF, not only in elite athletes, but also in non-elite athletes who participate in vigorous exercise [5-8].
Despite exercise’s favorable effect in various traditional risk factors of arrhythmogenesis, increase in
physical activity only modestly reduces incident atrial fibrillation and on the other hand, approaching
the extreme border of exercise activities, endurance athletes, who participate in intense exercise
training programs, demonstrate higher AF risk [9].

“Athlete” is a term that derives from the Greek word “athlos” which means achievement.
Athletes are “individuals of young and adult age, either amateur or professional, who are engaged
in exercise training on a regular basis and participate in official sports competition”, according with
the European Society of Cardiology (ESC) [10,11], while elite athletes are “athletes who participate at
the highest level of national or international competitions such as the Olympic Games (>10 h/wk)”
[10,11].
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In the present review we sought to demonstrate a comprehensive report of incidence,
pathophysiology and therapy management of AF in elite athletes.

2. Epidemiology and Predisposal Factors

Many retrospective, observational studies and meta-analyses have estimated a 2 to 10 times
higher frequency of AF in high intensity endurance athletes compared to individuals who do not
exercise [6-8,12-17]. A U-shaped relationship between male elite athletes and AF is demonstrated
through this finding, while the type (endurance) and the dose (hours of training) of physical activity
seems to relate with AF development [14,18-21]. This U-shaped relationship has not been confirmed
in women [14]. Regular exercise of either low or moderate intensity seems to be a preventive strategy
for cardiovascular disease and AF, but higher intensity of endurance exercise could lead to AF [6—
8,12-21]. Moreover, although the prevalence of AF increases with age, the relative risk for athletes
compared with nonathletes seems to be higher in younger athletes [22,23]. A retrospective
observational cohort among young elite Spanish athletes (N=6813) with mean age 22 years, assessed
AF incidence within a 20-year time period, and found that it was low (0.3%), even in endurance
athletes, with only 21 out of 6813 athletes having AF (18 with paroxysmal, 1 with persistent, and 2
with long-standing persistent AF) during the 20-year study [24]. In the same study, there was an
association of increased AF risk and years of exercise training, age and left atrial (LA) anteroposterior
diameter [24]. The prevalence of AF in competitive athletes ranges from 0.3% to approximately 13%,
and differs according to the age and the modality of exercise training [13,25-27]. A large meta-
analysis of 13 studies including approximately 64,000 athletes showed that athletes were 2.46 times
more likely to have prevalent AF (95% CI 1.73 to 3.51), while the odds ratio increased to 3.6 when
athletes aged < 55 years [25]. Athletes participating in mixed sports (football, basketball, American
football) have increased AF burden compared to endurance sports (Nordic skiing, orienteering,
rowing; B=—0.5476, p=0.0204) [25]. AF risk across the spectrum of exercise training is demonstrated in
Figure 1.
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Figure 1. Atrial fibrillation (AF) risk across the spectrum of exercise training. Approaching the
extreme borders of physical activities (minimum physical activity in the one border and endurance
sports on the other), there is an increase in AF incidence.

Data about differences in AF incidence between males and females is limited due to lack of
specifically trials. Only retrospective studies with small sample sizes that have been conducted the
last 2 decades, comparing men and women, showed that AF incidence may be higher in female
endurance athletes compared to males [28,29]. Specifically, Wilhelm et al. enrolled 61 female and 60
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male athletes and found that, for a comparable amount of training and performance, male athletes
showed a more pronounced atrial remodeling, a concentric type of ventricular remodeling, and an
altered diastolic function [30]. Another study by Sanchis et al., presented gender-related differences
in the adaptation of atrial performance to training, with women having greater bi-atrial deformation
and smaller right atrial size compared to men [31].

An association among type of exercise (endurance sports), age (>55years), gender (males) and
time of exercise training, and increased AF risk has been proven through studies [24]. Another
significant clue of AF spectrum is the strong association between cardiomyopathies including dilated,
hypertrophic, and arrhythmogenic cardiomyopathy and AF in younger athletes (prevalence of AF
ranges between 10% and 25% in each subtype), as well as the association between long QT syndrome
(LQTS) and Brugada syndrome and AF [32]. Finally, the highest incidence studies of AF are presented
in the Caucasian population compared to other racial classifications [33,34].

AF may be the first manifestation of an inherited cardiac condition in young athletes. There is a
strong association between AF and genes such as KCNA5, SCN5A and TTN, as well as genes
including LMNA and KCNQ1 which present weaker association with AF [35-38].

Another predisposal factor of AF might be the consumption of sports supplements which are
common in individuals who exercise regularly, at competitive and non-competitive level. Non-
approved anabolic steroids are being used in competitive level in order to improve performance and
have been associated with increased risk of AF in young athletes [39,40]. Other sports supplements
that contain high concentration of caffeine and stimulants such as taurine and guarana, may cause
cardiac arrhythmias after regular consumption, including AF, possibly by stimulating autonomic
system [41,42]. Moreover, high consumption of these supplements may lead in both increase of blood
pressure by 10 mmHg and heart rate by 5-7 beats per minute, even in healthy people [43].

3. Pathophysiology

Pathophysiology and underlying mechanisms of AF in elite athletes still remain unclear. There
are suggested theories that include complex mechanisms such as alterations of autonomic tone,
systemic inflammation, electrical remodeling, and LA enlargement and fibrosis [12,44-50].

Cardiac remodeling is the first proposed mechanism of AF. Mechanisms including LA structural
changes such as dilatation and pulmonary veins stretch, cardiac inflammation, fibrosis, and increased
vagal tone which may cause conduction heterogeneity and reduction in refractoriness, are
responsible for the AF development in endurance athletes [51]. Athletes present increased arterial
blood pressure during exercise and, in combination with atrial wall stretching after long-term
strenuous endurance exercise, arrhythmogenic areas might occur due to microtrauma, inflammation,
and fibrosis [13]. Furthermore, there is an association between endurance exercise and both bi-atrial
and ventricular enlargement [52]. Specifically, LA enlargement both as size and volume which is
associated with an increased risk of AF, is approximately present in 20% of young competitive
athletes [13,50]. An observational study including 492-marathon runners, reported an association
between hours of training and LA enlargement, indicating higher risk of AF in athletes with more
hours of exercise training (24% in <1500 hours, 40% 1500-4500 hours and 83% in >4500 hours) [6].

Fibrosis and its potential role in exercise induced-AF is still under investigation. A study
including 45 veteran elite athletes showed increased markers of myocardial fibrosis in athletes such
as carboxyterminal telopeptide of collagen type I (CITP 5.4 vs. 2.9 microg/l, p<0.001), plasma
carboxyterminal propeptide of collagen type I (PICP 259 vs. 166 microg/l, p<0.001), and tissue
inhibitor of matrix metalloproteinase type I (350 vs. 253 ng/ml, p=0.01) compared to sedentary
controls [53]. Similar findings of myocardial fibrosis were presented a few years later, in another
study of 12 veteran male endurance athletes who were assessed by cardiac magnetic resonance
imaging (MRI) [54]. Specifically, half of them (6/12 athletes) demonstrated late gadolinium
enhancement (LGE) compared to sedentary controls. Number of years spent in training (p<0.001) and
participation in number of competitive marathons (p<0.001) predicted prevalence of LGE on cardiac
MRI. The proposed theory is that regular exercise can induce chronic systemic inflammation, as
shown by increased levels of CRP, and may lead to atrial electrical remodeling and therefore, to
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development of AF [55]. However, whether AF could be treated with anti-inflammatory drugs
remains controversial and more evidence is required. In a retrospective cohort study based on male
long-distance cross-country ski race participants and general population men, authors evaluated the
risk of AF and atrial flutter (AFl) depending on years of exercise [8]. It was shown that years of regular
endurance exercise were significantly associated with increased risk for both arrhythmias; 1.16 (95%
confidence interval 1.06 to 1.29) times higher risk for AF and 1.42 (95% confidence interval 1.20 to
1.69) for AFI per 10 years of endurance exercise [8].

AF in athletes is considered to be vagal-mediated [7]. AF is triggered through the macro-reentry
pathway by increase in the dispersion of the atrial refractory period via activation of the iKach
channel [56]. Moreover, most athletes present a lower baseline resting heart rate which is also shown
as a predictor of AF [49,57]. Exercise-related increase in sympathetic tone in endurance athletes could
also be a predisposal factor of AF [58,59]. In general, the combination of increased basal vagal activity
and adrenergic activation might be a predisposal factor of AF [12].

There is still no clear pathophysiological mechanism regarding differential response in AF
between male and female elite athletes. The most dominant hypothesis is that specific criteria in
females including smaller atria, shorter P-wave duration, differences in autonomic tone, and lower
LV mass and wall thickness, may be the key to these differences [17].

Electrolyte abnormalities may also be a possible trigger of AF in athletes involved in vigorous
exercise. Vigorous intensity activities are defined as activities with more than 6 METS oxygen
consumption and endurance sports require repeated isotonic contractions of large skeletal muscle
group. Such athletic activities include: running (>5 mph), cycling, swimming, shoveling, soccer and
cross-country skiing or speed skating among winter sports. These athletes may present dynamic fluid
alterations which can lead to dehydration, change in pH and depletion of electrolytes including Na,
K and Mg [51]. These biochemical changes could lead to supraventricular arrhythmias such as AF.

Finally, a less possible theory is the acid reflux disease. Specifically, physical activity could
induce gastroesophageal reflux, and therefore, lead to AF [60]. The direct correlation between
exercise and decrease in intra-esophageal pH, as well as acid reflux disease and increased risk of AF,
have been shown in many observational studies in elite athletes [61-64]. Among 163,627 patients,
acid reflux disease was shown to significantly increase AF risk by 39% [64].

The pathophysiological mechanisms involved in AF in competitive athletes are demonstrated in
details in Figure 2.

Figure 2. Presumed Mechanisms of AF in Elite Athletes.

4. Clinical Significance, Screening and Management


https://doi.org/10.20944/preprints202408.1350.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 August 2024 d0i:10.20944/preprints202408.1350.v1

Physical activity seems to contribute in the decrease of all cause cardiovascular mortality and
ischemic stroke, as shown in the EORP-AF study [65]. This study included 2442 patients diagnosed
with AF, separated in groups of mild, moderate or high intensity training, and controls without
exercise. The intensity of physical activity was reversely correlated with CHA2DS2-VASc score,
indicating that smaller percentage of patients of high intensity required anticoagulation compared to
mild intensity where the percentage of patients receiving anticoagulants was higher [65]. Moreover,
the high-intensity exercise training group presented reduced mortality and progression rates to
permanent AF compared to groups of mild intensity or no exercise [65].

Elite athletes may present higher levels of profibrotic markers which have been associated with
incident or recurrent AF in the general population [66-68], including galectin-3 [69], suppression of
tumorigenicity 2 (ST2) [70], microRNA-21 (miR-21) [71], as well as tissue inhibitor of
metalloproteinase 1 (TIMP-1), C-terminal telopeptide of type I collagen (CITP) and procollagen type
I carboxy-terminal propeptide (PICP) [53].

Clinical AF subtypes include AF secondary to underlying structural heart diseases i.e heart
failure or valve disease, lone AF and AF in athletes. Physical activity seems to limit the presence of
AF symptoms and improve cardiac remodelling in people with cardiac structural disease. However,
trials often fail to prove the positive effect of exercise training. In the HF-ACTION Study, 193
individuals with AF and heart failure (HF) initially underwent 36 sessions of supervised exercise,
and then continued a 2-year home-based rehabilitation program [72]. Investigators did not observe
any difference in number of hospitalizations, mortality, events due to AF or other major outcomes
between the training and the control group after a median 2.6-year follow-up. In another equally
significant study, the RACE 3 trial, 119 individuals with persistent AF and HF performed moderate
intensity cardiac rehabilitation while 126 controls with the same background received usual care. The
trial showed that sinus rhythm was present in 75% of patients who performed cardiac rehabilitation
versus 63% in patients who received usual care after 1 year of follow-up [73]. The triggering of the
sympathetic nervous system through the acute exercise results in positive inotropic, chronotropic
and lusitropic effects on the myocardium. Regular training improves peak oxygen uptake, increases
cardiac output and therefore, improves functional capacity in all patients, regardless of whether they
have an initial sinus rhythm or AF [74]. Another beneficial effect of exercise is the improved
cardiomyocyte calcium handling which contributes to gradual hypertrophy and increased
contractility of the myocardium [75]. It is a general consensus that athletes and non-athletes who
present AF should exercise in a regular basis after a comprehensive clinical assessment for underlying
pathology and guidelines should be more individualized.

In studies such as the ARREST-AF Cohort Study or the ACTIVE-AF Trial, regular exercise
programs exhibited reduction in AF related symptoms, AF incidence and recurrence rates [76,77]. In
a meta-analysis, effects of different exercise modalities on quality of life in AF patients were evaluated
[78]. In 12 studies, 670 participants underwent aerobic exercise, aerobic interval training (AIT), or
other exercise modalities such as yoga, Qigong, and cardiac rehabilitation protocols. All exercise
modalities demonstrated statistically significant beneficial effects on general health and vitality of the
Short Form 36-item questionnaire. Specifically, cardiac rehabilitation protocols and AIT increased
peak VO, while AIT also significantly reduced AF burden. Moreover, Qigong significantly improved
the 6-min walk test in these individuals. [78].

It is a common policy that an athlete with a previous medical history of paroxysmal AF, but with
a sinus rhythm in the ECG is able to exercise without limitations. However, elite athletes in more
competitive sports who present more than one episode of AF, are recommended to be more cautious
as rate control cannot be assured during high intensity training, even under medication [79]. In this
case, catheter ablation for AF could be a promising solution for athletes who present AF symptoms.
Younger and middle-aged athletes with paroxysmal AF are recommended to reduce the intense and
the hours of physical activity as an initial approach to limit exercise-induced AF [8,79]. However, due
to shortage of cumulating data, further studies with a longer follow-up of training effects are required
for athletes and other clinical subgroups of AF patients, in order to extract information and provide
specific recommendations.


https://doi.org/10.20944/preprints202408.1350.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 August 2024 d0i:10.20944/preprints202408.1350.v1

Endurance athletes with AF are shown to present more adverse symptoms than sedentary
patients without exercise [65]. Athletes with symptoms including fatigue, dizziness and syncope,
induced by rapid AV nodal conduction during physical activity, are recommended to terminate
physical activity and they should be referred to physicians for better rate control [11]. Although the
negative impact of beta-blockers on athletes’physical performance, they are a common option among
drug therapies [11]. On the other hand, monotherapy with calcium-channel blockers or digitalis does
not have a satisfactory therapeutic effect. The most potent solution in order to prevent athletes from
sinus bradycardia at rest or chronotropic incompetence during training would be a combination of
individually titrated negatively chronotropic agents [11].

Class I and class III antiarrhythmics are main components of the armamentarium of the rhythm
control in AF but, they have some limitations. On the one hand, class III antiarrhythmics such as
sotalol and amiodarone may be insufficient for control or relatively contraindicated in young athletes,
respectively [11]. On the other hand, athletes receiving class I antiarrhythmics usually have increased
risk of developing atrial flutter and, as a result, this medication should not be used in monotherapy
despite their ability to prevent recurrences of AF [11]. Prophylactic cavo-tricuspid-isthmus ablation
would be a reasonable solution in athletes in this case [11]. Class I antiarrhythmics could be used as
a ‘pill-in-the-pocket’ approach in patients with sporadic AF [80].

CHA2DS2-VASc score is a reliable clinical risk profile s cale for prescription of oral
anticoagulants (OAC) [81]. Patients receiving OAC should not participate in sports with direct bodily
contact or prone to trauma [82]. In case of drug therapy failure, or inability to receive medication,
athletes would be recommended to procced with catheter ablation by pulmonary vein isolation (PVI)
[83]. Patients should not participate in sports activities for at least 1 month after a successful ablation,
and sports activity may be resumed only in case of no recurrences of AF within this time period [11].
It is important to be highlighted that PVI ablation does not ensure recurrence of non-pulmonary vein
dependent AF in the future.

In conclusion, in the latest ESC and US AF guidelines, physical activity and risk factor
optimization are corner stones for AF management before anticoagulation and rate or rhythm control.
Still, there are no specific guidelines of exercise training for elite and non-elite athletes with AF, but
only some consensus and recommendations. Below in Figure 3, we present a comprehensive
evaluation and management approach of an elite athlete with AF.

P> o CLINICAL MANAGEMENT -
CEINECALASS ESEMENE 1. Immediate sports discontinnation and referral to physician

1. Sports history/information ' I during acute episode I'
1i. Previous medical history 2. Rate control if AF well tolerated
1. Physical examination - b-blockers (impact on physical performance)

l'l iv. ECG and/or 24-hour ambulatory ECG | = - calcium-channel blockers (not potent enough when used

| v, Blood test (TSH. Tul. BNE. CRP, galectin- | alone)

I 3. ST2. micoRNAs such as mit-21. PICR - digitalis (not potent enough when used alone)

CITP and TIMP-1, et S e
\ e i 3. Rhythm control if clinically significant symptoms

vi. Echocardiogram
vii. CPET

- class III antiarthythmic drgs [insufficient for control

(sotalol) or relatively contraindicated in a young population

(amiodarone)]
- class 1 antiarthythmic drugs (not in monotherapy as they

may develop atial flutter, can be used as ‘pill-in-the-

: pocket” therapy)
Conslder rantrictions - PV catheter ablation in case of drug therapy failure

4. Oral anticoagulants (OAC) in CHA2DS2-VASc score =2

in sports participation

Figure 3. A proposed algorithm of clinical assessment and therapeutic strategy of an elite athlete with
AF.

5. Conclusions
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AF is a complex syndrome in elite athletes with multiple knowledge gaps, including
pathophysiological mechanisms such as alterations of autonomic system, systemic inflammation, and
LA enlargement and fibrosis. Elite athletes with AF require a comprehensive clinical evaluation and
risk factor optimization, similar to that for nonathletes. Although anticoagulation and rate or rhythm
control are corner stones for AF management, however, there are still no specific guidelines for this
subgroup. As a result, more studies are necessary for the further comprehension of the
pathophysiological mechanisms and the establishment of individualized management algorithms.
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