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1  |   INTRODUCTION

Regular physical activity is beneficial for health in human 
beings. It reduces both morbidity and mortality and can 
contribute to physical and mental well-being. A lack of 
physical activity associates with an increased risk of health 
problems.1,2

However, physical activity and the benefits for health 
seem not to be linearly correlated. In contrast, there is a grow-
ing body of epidemiological and experimental evidence that 
not only a lack of activity might be harmful, but also exces-
sive exercise might lead to sequelae with negative impact on 
health and well-being.

An interesting and still not well-understood example 
for old medical wisdom “Sola dosis facit venenum” is the 
increased prevalence of atrial fibrillation (AF) in athletes.

Provocatively spoken, what if the common theme in AF 
pathogenesis is excess? In obese patients, the excess is too many 
calories; in patients with sleep apnea, the excess is atrial stretch; 
and in athletes, the excess component is too much exercise.

2  |   MATERIAL AND METHODS

We present four selected cases of AF in athletes and dis-
cuss potential pathophysiological mechanisms and options 
for treatment and prevention. All patients gave their consent 
for the publication of the clinical information. The chosen 
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AF. The described cases illustrate clinical manifestations within the spectrum of AF 
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references have been selected upon relevance from medical 
database research.

3  |   RESULTS

3.1  |  Case presentation

3.1.1  |  Case 1
A 48-year-old male cyclist developed an erratic tachycar-
diac heart rhythm while on a training ride. An ECG con-
firmed AF with a well-controlled rate. Examination, thy-
roid testing, and echocardiography showed a structurally 
normal heart. His left atrial diameter was 39 mm. He had 
no other medical problems and no risks for ischemic heart 
disease.

His training history included more than 20 years of high-
level competitive running, triathlon, and cycling. At the time 
of the AF diagnosis, he was training for the national cham-
pionship competition in cycling. He estimated his lifetime 
training volume as 15 000 hours.

Initial treatment with flecainide was started and resulted 
in cardioversion within 24 hours. The drug was continued 
for a month. He also stopped training for that month. After 
discontinuing the drug and resuming training, frequent atrial 
ectopy ensued, with up to 5000 premature atrial complexes 
per day. Two other transient self-terminating episodes of AF 
occurred later in that year.

This amateur athlete, who was also a healthcare profes-
sional, was able to reduce training volume, improve his sleep, 
and dietary patterns, and the AF and ectopy resolved without 
ablation. A year later, he resumed training, albeit at lower 
levels, without any symptoms of arrhythmia.

3.1.2  |  Case 2
A 62-year-old man complained of irregular palpitations that 
occurred 2-3 hours after cycling training sessions. A monitor 
confirmed AF. He had no other medical history and did not 
smoke. His examination revealed normal findings, including 
a height 175 cm and weight of 60 kg.

He had a 17-year history of regular endurance exercise. 
He reported a lifetime training volume of 200 000 km and 
8000 hours; he completed 60 long-distance races of up to 
250 km.

Coronary arteriography was normal. Echocardiography 
revealed a left ventricular ejection fraction (LVEF) of 55%; 
left atrial (LA) diameter measured in the parasternal long 
axis was 28 mm. Initial treatment with flecainide caused 
fatigue and vertigo, and the drug did not reduce AF burden. 
He requested interventional treatment.

We performed pulmonary vein isolation with RF energy. 
During the intervention, we could observe a fast tachycar-
dia from the right superior pulmonary vein. After pulmo-
nary vein isolation, we could not induce any arrhythmia. A 
left atrial voltage map showed normal voltage, so no further 
lesions were performed (Figure 1A and B). He remained free 
of any arrhythmia at 6-month follow-up and has returned to 
endurance sport activity.

3.1.3  |  Case 3
A 54-year-old man complained of progressive dyspnea and pal-
pitations of 14-month duration. These symptoms correlated with 
the onset of AF, which, initially, was paroxysmal, but turned per-
sistent after 2 months. Examination revealed an irregular rhythm 
but was otherwise normal (height 176 cm, weight 76 kg).

F I G U R E   1   Electro-anatomic maps of 
the left atria (LA) of patients 2 and 3. Purple 
color signifies voltage above 0.5 mV, which 
is presumed as normal. Red dots around the 
pulmonary veins symbolize radiofrequency 
ablation lesions. The yellow catheter is a 
decapolar catheter within the coronary sinus. 
The green catheter is a temperature probe 
in the esophagus. (A) Posterior view of the 
electro-anatomic map of the LA of patient 2. 
(B) Anterior view of the electro-anatomic map 
of the LA of patient 2. (C) Posterior view of 
the LA of patient 3. (D) Anterior view of the 
LA of patient 3
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He had participated in endurance sport for the previous 
32 years. He estimated his training volume in various sports 
(mostly running and cycling) to be 20 000 hours. He ran 17 
marathons.

Initially, he had cardioversion, AF but recurred 1 week 
later. Amiodarone was started, and soon thereafter, he devel-
oped sustained left atrial flutter. A second cardioversion was 
performed; again, the arrhythmia recurred. Echocardiography 
done after this recurrence revealed a severely reduced LVEF 
of 25% with normal left ventricular end-diastolic diameter 
(48 mm) and dilated LA (46 mm). Coronary angiography 
was normal. After an ICD was recommended, he presented 
to our institution for a second opinion.

We felt rhythm control was indicated due to the likelihood 
of tachycardia-mediated cardiomyopathy. He underwent PV 
isolation with RF energy. LA voltage mapping showed nor-
mal voltage (Figure 1C and D).

At follow-up 2 years after ablation, he remained in sinus 
rhythm. His symptoms resolved, and a repeat echocardio-
gram showed complete recovery of LV function. He has now 
reduced his sports activities but still participates in running 
events, eg, half-marathons.

3.1.4  |  Case 4
A 70-year-old woman reported reduced exercise capacity 
and palpitations for 5 years. She noted little difficulty with 

activities of daily living but had significant dyspnea during 
sports activities, such as running, cycling, and cross-country 
skiing.

She was first diagnosed with persistent AF 2 years ago, 
but, given the abrupt onset of symptoms, she likely had it 
for the entire 5 years. Her only other medical problem was 
degenerative arthritis, which led to a total hip replacement.

She reported a 50-year history of endurance sports activ-
ities. In her twenties, she participated in national and inter-
national cross-country racing, including the 1968 Winter 
Olympic games in Grenoble. After retirement from Olympic 
competition, she continued to train and race in running, 
cycling, triathlon, and skiing events. She completed more than 
100 triathlons, even after hip replacement. A conservative 
estimate of her lifetime training volume was 30 000 hours.

Echocardiography revealed severe LA dilation (52 mm) and 
a normal LVEF (60%). She had had multiple failed cardiover-
sions, with and without flecainide. After the shock, sinus rhythm 
would last only days, but during those days, she felt better.

We discussed all treatment options with the patient, 
including medical treatment for rate control and AF ablation 
to achieve sinus rhythm. Together with the patient, we decided 
for AF ablation because she had symptomatic drug refractory 
AF. We first performed PV isolation with RF energy, and 
then proceeded to LA voltage mapping. This map revealed 
widespread low-voltage areas in the septal and posterior seg-
ments of the LA (Figure 2A and B). Pulmonary veins were 

F I G U R E   2   Electro-anatomic maps of the left atria (LA) of patient 4 at the first intervention. Purple color signifies normal voltage above 0.5 mV, 
whereas gray color symbolizes scar. Red, green, and blue colors symbolize reduced voltage as a sign of diseased myocardium. Red dots around the 
pulmonary veins symbolize ablation lesions. The yellow catheter is a decapolar catheter within the coronary sinus. (A) Posterior view of the electro-anatomic 
map of the LA of patient 4 before the intervention shows extensive posterior scar. (B) Anterior view of the electro-anatomic map of the LA of patient 4 
shows septal scar. (C) Posterior view of the LA of patient 4 with circular ablation lesions around the pulmonary veins. (D) Anterior view of the LA of patient 
4 with septal ablation line from the tricuspid annulus to the right superior pulmonary vein
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isolated by antral radiofrequency ablation. After pulmonary 
vein isolation, we could observe sporadic isolated electrical 
activity within the left superior and right superior pulmo-
nary veins. Atrial burst stimulation induced left atrial flutter, 
which was terminated with linear septal ablation from the 
right superior pulmonary vein to the anterior mitral annulus 
(Figure 2C and D). We then induced cavo-tricuspid isthmus-
dependent (typical) flutter, which was also ablated. No fur-
ther ablation was performed because of non-inducibility of 
any atrial tachycardia.

The patient had early recurrence of AF, which was suc-
cessfully treated with a 3-month course of flecainide. At 
6-month follow-up, left atrial flutter recurred and was car-
dioverted. We then changed drug therapy to amiodarone, but, 
again, left atrial flutter recurred. At the second left atrial pro-
cedure, we re-isolated the pulmonary veins, and performed a 
posterior box lesion and septal ablation with complete encir-
cling of all scar areas.

She has remained in sinus rhythm at 2-year follow-up and 
pursues regular sports activities.

4  |   DISCUSSION

4.1  |  Case presentation
The above-described cases illustrate clinical manifestations 
within the spectrum of AF in elderly athletes. Case 1 describes 
an amateur endurance athlete with exercise-induced AF that 
responded well to lifestyle modification, case 2 shows an 
amateur endurance athlete with vagally induced paroxysmal 
AF, case 3 gives an example of an amateur endurance athlete 
with chronic AF and—as a rare presentation—tachycardia-
associated cardiomyopathy, and finally, case 4 gives an 
example of a former professional athlete with long-standing 
chronic AF and manifest scar in a severely affected left 
atrium. Case 4 also shows that AF may also affect female 
athletes. All patients have a long-time history of intensive 
endurance sports as the only known modifiable risk factor 
for AF. Other typical risk factors such as obesity or arterial 
hypertension were not found. A possible dose-effect ratio 
is suggested by the fact that athlete 4 as the most severely 
affected athlete has the longest history of intensive endurance 
sports. Rhythm control was successfully achieved with life-
style modifications in one patient. As conservative treatment 
was not successful, interventional treatment was performed 
in the other patients.

4.2  |  Epidemiology
Numerous studies have shown a fourfold to eightfold 
increased risk of AF in athletes compared to the normal 
population. AF was found in up to 12% of athletes.3-6 The 
dilemma is that some publications suggest that exercise is 

associated with an INCREASED risk of AF,3-5 whereas 
others describe the exact contrary: Exercise is associated with 
a DECREASED risk of AF.7,8 NO IMPACT of regular physi-
cal activity on the risk of AF was observed in a meta-analysis 
with more than 95 000 subjects.9

So what’s true? As many of the observational studies 
examined, a limited number of mostly male athletes with 
retrospective analysis, selection bias, and other statistical 
pitfalls are possible. Taken together, however, thorough 
analysis of the existing data suggests a dose-dependent 
effect of exercise. Moderate exercise seems to have a pro-
tective effect and decreases the risk of AF, whereas exces-
sive exercise seems to increase the risk of AF. Therefore, 
a U-shaped relation between the dose of exercise and the 
risk of AF has been proposed.10 The left side of the curve, 
no exercise, and the right side of the curve, high levels of 
exercise, increase the risk of AF, whereas moderate doses of 
exercise are protective.10

The above-described cases are consistent with this dose-
dependent relationship: Decades of intensive endurance 
sports seem to increase the risk for AF.

But where are the lower and upper thresholds where sed-
entary lifestyle and intensive sports begin to detract from the 
benefits for health and longevity associated with moderate 
exercise? Calvo et al.10 found an increased risk of AF with an 
accumulated lifetime endurance sport activity ≥2000 hours 
compared with sedentary controls (OR 3.88 [1.55-9.73]). In 
contrast, a history of ≤2000 hours of high-intensity training 
protected against AF when compared with sedentary controls 
(OR 0.38 [0.12-0.98]).

4.3  |  Pathophysiology of arrhythmogenesis
In non-athletic patients, AF develops by a complex interplay 
between focal triggers, arrhythmogenic substrate created by 
anisotropy and fibrosis, autonomic imbalance, and genetics.11 
If these factors create a fibrillatory milieu in non-athletic 
patients, we propose similar mechanisms could induce AF 
in athletes.

4.4  |  Triggers
Patterson et al.12 studied the interplay between autonomic 
nerve activity and PV myocardium in a canine model. Using 
subthreshold high-frequency stimulation of autonomic gan-
glia, they demonstrated rapid firing within PV sleeves but not 
in left or right atrial myocardium. Vagal-mediated PV firing 
required parasympathetic and sympathetic neurotransmis-
sions, intact Ca-signaling, and Na-Ca exchange. They pro-
posed a unifying cause of triggering that applies well to the 
alternating high-vagal/high-sympathetic milieu of an endur-
ance athlete: PV cells have inherently short action poten-
tial (AP) duration. Vagal stimulation further shortens AP 
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duration; then, sympathetic stimulation enhances Ca-current, 
which has a net depolarizing effect and may be enough to 
cause rapid repetitive firing.12

Support for this model of arrhythmogenesis comes from 
Sharifov et al.13 who induced AF in an animal model with 
injection of acetylcholine into the sinus node artery and 
Aschar-Sobbi et al.14 who noted atropine reduced the dura-
tion of AF in exercised animals. In healthy middle-aged men, 
a low exercise heart rate during a moderate workload, indica-
tive of high-vagal tone, predicted future incident AF.15

4.5  |  Substrate
Animal models that mimic human disease might help to 
improve our limited understanding of AF pathogenesis. In 
a goat model, Wijffels et al.16 found that increasing peri-
ods of pacing-induced AF in a goat led to longer episodes 
of AF. Although atrial refractory period shortening (electri-
cal remodeling) occurred almost immediately, persistent AF 
took 2 weeks to occur. This time gap led the authors to specu-
late that persistent AF required a “second factor,” perhaps 
structural changes in the atria.

Nine years later, findings from Todd et al.17 bolstered 
the concept that slower developing second factors promoted 
stability of AF. In a model of repetitive 4-week periods of 
maintained AF, they noted AF vulnerability—as measured by 
duration of AF per duration of burst pacing—increased after 
3 months. Crucially, this progression occurred independent 
of atrial refractoriness.

In an effort to explore factors connecting AF and endur-
ance exercise, Guasch et al.18 compared rats that underwent 
an intensive endurance exercise program with sedentary con-
trol rats. Rats were trained to run 1 hour per day 5 days per 
week for 16 weeks, which the authors estimated would simu-
late a typical human endurance athlete.

Compared with controls, the exercised rats exhibited 
increased AF vulnerability, enhanced fibrosis, increased 
vagal outflow, enhanced end-organ sensitivity to vagal 
stimulation, and down-regulation of inhibitory g-proteins. 
Detraining over 4 weeks reversed parasympathetic tone and 
AF vulnerability, but atrial fibrosis and dilation did not com-
pletely resolve. Together with the suppressive effect of atro-
pine on AF in exercise-trained rats, these results emphasized 
increased vagal tone as an important component of AF pro-
motion with exercise. The authors proposed that AF occurs 
in endurance athletes because of atrial dilation, fibrosis, and 
autonomic imbalance.18

Support for the Guasch model of AF in athletes comes 
from a human study of 60 non-elite runners during and after 
a 10-mile running race in Bern, Switzerland. Wilhelm et al. 
found that p-wave duration, LA volume, vagal activity, and 
frequency of premature atrial beats correlated with lifetime 
training hours.19,20

Atrial tissue fibrosis identified by delayed enhancement 
magnetic resonance imaging is considered as an important 
factor in the arrhythmogenic substrate in AF.21 Systematic 
research is needed to confirm this finding in athletic patients.

4.6  |  Inflammation
An extensive evidence base suggests a relationship between 
inflammation and AF.22 The challenge is knowing whether 
AF is a consequence of or cause of inflammation. Using a 
novel computer algorithm, Swanson hypothesized in 2006 
that excessive endurance exercise or overtraining could 
lead to chronic systemic inflammation that—in turn—might 
increase the risk of AF.23

While regular exercise reduces inflammatory markers, 
long-term intense exercise may lead to chronic inflammatory 
states, perhaps via an over-training syndrome mediated by 
excess cytokines.24 Vigorous exercise increases inflamma-
tory factors such as C-reactive protein (CRP), interleukin-6 
(IL-6), and tumor necrosis factor-alpha (TNF-alpha).25-27 
These factors are released by atrial stretch caused by elevated 
atrial pressure as occurs during vigorous exercise.28

In an animal model, Aschar-Sobbi et al. exposed mice to 
intense endurance exercise and compared them with seden-
tary controls. Vigorous exercise increased the susceptibility 
to induction of AF in mice and was associated with atrial 
macrophage infiltration and fibrosis. Exercise-induced atrial 
remodeling was prevented by treatment with the TNF-alpha 
inhibitor (etanercept) and was not seen in mice lacking TNF-
alpha gene. Elevated cardiac TNF-alpha therefore seems to 
induce atrial fibrosis, myocardial hypertrophy, and suscepti-
bility to AF.14,29

Similarly, Ozcan et al. documented spontaneous AF 
in mice with deletion of liver kinase B1. Liver kinase B1 
(LKB1) is an important enzyme in cellular metabolism. 
Depletion of LKB1 leads to energetically unfavorable con-
ditions and thereby facilitates inflammatory and neoplas-
tic processes. Cardiac-specific LKB1 knockout (KO) mice 
show spontaneous development of AF and may therefore 
provide insight into electro-anatomical changes which 
might take place in human atria. In this animal model of 
inflammatory myocarditis, bi-atrial dilation was associ-
ated with apoptosis, necrosis, fibrosis, and loss of muscle 
mass with deformation of the intracellular myofibrillar 
structure, disorganization of extracellular space, and dis-
ruption of gap junctions. These processes began in SR and 
gradually worsened throughout paroxysmal AF and then 
chronic AF. By heterogeneous dispersion of atrial effective 
refractory period and conduction velocity, the atrial sub-
strate became vulnerable to triggers and thereby prone to 
AF. Thus, inflammatory processes in the atrial myocardium 
may likely play an important role in the pathogenesis of 
atrial fibrillation.30
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4.7  |  Arterial hypertension
Arterial hypertension is a well-established risk factor for AF 
in non-athletes.31 Acute arterial hypertension causes myo-
cardial stretch with decreased action potential duration and 
heterogeneously decreased effective refractory period.32 
Chronic arterial hypertension leads to cardiac remodeling 
with impaired diastolic function and increased risk of AF.31 
Therefore, exercise-induced arterial hypertension can play a 
role in the pathogenesis of AF in athletes. Exercise-induced 
arterial hypertension was associated with greater myocardial 
mass, which consequently could lead to impaired diastolic 
function and increased risk for AF.33,34

Angiotensin II is a profibrotic hormone that could be 
involved in the cardiac remodeling as a result of endurance 
exercise and arterial hypertension. The inhibition of the renin-
angiotensin system by Losartan was able to prevent exercise-
associated myocardial fibrosis in rats 35 and to reduce the AF 
burden in non-athletic patients.36

4.8  |  Genetic risk factors
As only a minority of athletes with a history of vigorous 
endurance sports develops AF, the question remains open, 
which factors finally determine the arrhythmogenic risk of 
the athletes’ atria. Genomewide association studies have 
identified common variants in nine genomic regions associ-
ated with AF.37 Even though genetic predisposition is one 
probable risk-modifying factor, to our knowledge, no typical 
genetic mutation has been identified in athletes with AF so 
far.

4.9  |  Psychological stress
Another factor that may contribute to the pathogenesis of AF 
in endurance athletes includes psychological stress.38

There is a lack of systematic science regarding stress and 
AF in athletes although patients regularly report increased 
perception of palpitations in stressful situations. Researchers 
from the University of Kansas studied whether stress reduc-
tion by regular yoga practice would affect the AF burden. 
During the follow-up, patients in the yoga group compared 
with standard care group reported fewer symptomatic and 
non-symptomatic AF episodes, lower scores on anxiety mea-
sures, and higher scores on vitality and general health. Blood 
pressure decreased in the yoga group too.39 Wahlstrom and 
colleagues from Stockholm analyzed the effect of yoga in 
patients with symptomatic AF. They found a decreased heart 
rate and blood pressure, and improvements in quality of life. 
These findings suggest that stress and anxiety may have a sig-
nificant role in AF.40 It still needs to be elucidated whether 
psychological stress plays a role in the pathogenesis of AF 
in athletes.

4.10  |  Other factors
Tall stature has been identified as risk factors for AF in ath-
letes. Tall stature is associated with increased LA size, which 
on its own also is a risk factor for AF.41,42

Male gender has also been identified as a risk factor for 
AF in athletes.19,20 At a comparable amount of exercise 
training and performance, male athletes showed a more pro-
nounced atrial remodeling and an altered diastolic function. 
An increased sympathetic tone and a higher blood pressure at 
rest and during exercise in males compared to females might 
cause an arrhythmia-susceptible left atrial substrate.19,20 
However, recent analysis suggests that vigorous endurance 
exercise might cause AF also among athletic women.43

4.11  |  Treatment options
Studies that compare different treatment options of AF in 
athletes, that is, exercise abstinence vs anti-arrhythmic drug 
therapy vs catheter ablation, are lacking. Therefore, treatment 
recommendations are mainly based on pathophysiological 
considerations, small observational studies in athletes, and 
individual experience. Studies comparing different treatment 
options in non-athletes can also be taken into consideration.44

Assuming that the hypothesis—excessive exercise leads 
to inflammation and eventually fibrosis and changes in the 
autonomous nervous system—is true, sports-associated 
changes should be reversible, at least at an early stage of the 
disease process. Atrial fibrosis at a later stage of the sports-
associated AF might not be reversed by abstinence from 
intensive exercise.

Clinical evaluation should include routine examination 
(inclusive ECG, echocardiography, laboratory testing) to 
diagnose or exclude treatable risk factors for AF, for example, 
arterial hypertension, valvular dysfunction, or hyperthyreosis.

Anticoagulation should correspond to current guideline 
recommendations. We suggest a gradual treatment approach. 
In order to facilitate this approach, we arbitrarily divided ath-
letes with sports-associated AF into three groups that might 
represent a gradual increase in severity of atrial disease.

1.	 Athletes with evidence of increased number of symp-
tomatic or asymptomatic atrial (and ventricular) premature 
contractions and athletes with recent-onset PAF or CAF 
(<12 months)

2.	 Athletes with evidence of long-standing PAF or CAF 
(>12 months)

3.	 Athletes with atypical, left atrial flutter

For athletes from group 1, we would recommend abstinence 
from intensive exercise for 3-6 months, similarly to the recom-
mendations for the treatment of acute myocarditis.45 To date, 
no systematic research on detraining as potential treatment for 
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AF in athletes has been published yet. Adjuvant anti-arrhythmic 
drug therapy, as flecainide, can be considered. Additional risk 
factors as arterial hypertension, overweight, and alcohol con-
sumption should be treated if applicable.

For athletic patients at a later stage of the disease, groups 
2 and 3—additional to the above-mentioned recommenda-
tions for athletes from group 1—ablation of AF can be con-
sidered.46 From our point of view, pulmonary vein isolation 
(PVI) should be done in all AF ablation procedures; however, 
additional ablation beyond PVI may sometimes be necessary. 
PVI leads to freedom from AF in more than 80% of athletes 
during a follow-up of 3 years,47 but may be less effective with 
closer and longer follow-up. It was as effective in AF asso-
ciated with endurance sport practice as in other etiologies of 
AF.48 Nevertheless, multiple procedures might be necessary 
to achieve long-term freedom from AF, that is, 46 procedures 
in 20 athletes with symptomatic AF (2.3±0.4 per patient) 
in one Italian study.49 In older athletes with asymptomatic, 
long-standing AF frequency rate control might be a reason-
able option.46,50 Both patient and physician should decide 
together on the ultimate treatment strategy after discussion of 
all treatment options.50

5  |   PERSPECTIVE

In years past, most experts considered atrial fibrillation that 
occurred outside specific circumstances, such as thyroid 
storm or post-cardiac surgery, to be a separate heart rhythm 
disease.

We now have come again to realize that AF occurs 
because of many “second factors.” It seems to occur rather as 
a symptom of other disorders than as a stand-alone disease.51

In patients with AF and valvular heart disease, we under-
stand the valve disease to be the underlying cause; in patients 
with obesity, we now see the excess adiposity as the primary 
problem, and in long-term endurance athletes with AF, it is 
increasingly clear that excess exercise over decades contrib-
utes to AF. In each of these cases, prevention and treatment 
of AF may have to include the removal of what causes the 
triggers and substrate changes.

For athletes with AF, a temporary break from intensive 
exercise followed by subsequent exercise reduction seems to 
be advisable.
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