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Abstract
Background  Despite the high prevalence of atrial fibrillation (AF), there is a lack of recommendations for physical activity 
and exercise in individuals with AF, including athletes with AF.
Methods  With the aim to review studies that have investigated effects and safety of exercise in individuals with AF, we 
conducted a literature search in Pubmed using the key words atrial fibrillation AND exercise OR physical activity OR 
exercise/adverse effects OR adverse outcome.
Results  Observational data from one registry suggest that regular exercise is associated with reduced mortality in AF patients. 
Three randomized controlled trials (RCTs) have demonstrated that 12-week exercise interventions might reduce the burden 
of AF and improve exercise capacity by 10–16% in patients with paroxysmal or persistent AF. Three small RCTs suggest that 
exercise might improve exercise capacity with 15–41% in patients with permanent AF. Exercise might improve quality of life 
in patients with AF. Data on safety of exercise are sparse. No studies have evaluated the effect of exercise in athletes with AF.
Conclusions  Despite weak evidence, we suggest that individuals with AF should exercise regularly after evaluation of under-
lying conditions. Recommendations should be individualized. There is a lack of data to support exercise recommendations 
in athletes with AF.
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Introduction

Atrial fibrillation (AF) is associated with reduced quality 
of life (QoL), a high symptom burden, and increased risk 
of stroke, other cardiovascular morbidities and death [1]. 
The number of individuals affected by AF worldwide has 
been estimated to be > 33 Million [2]. The prevalence of 
AF is strongly related to age [3], and the aging population is 
an important factor for the increase in AF prevalence over 
time [4].

Regular physical activity reduces the risk of AF com-
pared to physical inactivity [5], and moderate regular physi-
cal activity is recommended to prevent AF [1, 6]. Exercise 
is well documented and recommended both in primary and 
secondary cardiovascular prevention and in cardiac reha-
bilitation (CR) [7–9], but to our knowledge, guidelines for 
physical activity and exercise do not exist for AF patients. 
At the same time, studies have revealed a surprisingly high 
prevalence of AF of among endurance athletes [10–13]. 
Despite increased awareness of this group of AF patients 
[14, 15], few authors have addressed exercise recommenda-
tions for athletes with AF [16].

AF is classified into first diagnosed, paroxysmal, persis-
tent or permanent AF [1]. Furthermore, clinical subtypes of 
AF have been suggested, including AF secondary to underly-
ing structural heart diseases and AF in athletes [1]. Athletes 
with AF are often young or middle-aged and usually do not 
have underlying heart diseases or traditional risk factors for 
AF [14]. Other AF subtypes often present with cardiovas-
cular risk factors such as hypertension, obesity and diabetes 
that are all independently associated with AF.
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In this paper, we review the current research on physical 
activity and exercise in individuals with AF. The paper adds 
to previous reviews by discussing exercise recommendations 
in different subtypes of AF, including athletes.

Effects of exercise in atrial fibrillation subtypes

With the aim to review studies that have investigated effects 
and safety of exercise in individuals with AF, we performed 
a Pubmed search with the keywords atrial fibrillation AND 
exercise OR physical activity OR exercise/adverse effects 
OR adverse outcome (see supplementary material for the 
full search strategy). Reference lists of selected articles were 
manually searched to ensure that all relevant papers had been 
identified. Review papers and meta-analyses were excluded. 
Out of 796 published papers, 11 were identified as relevant. 
In addition, three studies identified by two other reviews and 
one study previously known to the authors were included 
(Fig. 1, supplementary material). Relevant studies identified 
in this review are shown in Table 1.

Paroxysmal and persistent atrial fibrillation

Three randomized controlled trials (RCTs) have investigated 
effects of exercise in patients with paroxysmal or persistent 
AF. In a study by Malmo et al., patients were randomized to 
aerobic interval training (n = 26) for 12 weeks or to a control 
group (n = 25) continuing their regular exercise habits [17]. 
The intervention consisted of three weekly bouts of four 
4-min intervals at 85–95% of peak heart rate (HR) performed 
as walking or running on a treadmill. Aerobic interval train-
ing reduced the arrhythmic burden and was associated with 
significant improvements in AF symptoms, left atrial and 
left ventricular (LV) function, lipid levels, and QoL. Exer-
cise capacity was improved by an average of 10%. There 
was one event of VT during exercise testing in the control 
group (previously undiagnosed ischemic heart disease). In a 
study by Skielboe et al., patients with paroxysmal AF were 
randomized to exercise at either low (n = 38) or high (n = 38) 
intensity (50 and 80% of maximal perceived exertion) for 
12 weeks [18]. The interventions consisted of 60-min bouts 
of supervised exercise with interval training on ergometer 
bike and varying circuit exercise on the floor. Burden of AF 
did not differ between the groups. Exercise capacity was 
improved with both low and high exercise intensity, by 16 
and 14%, respectively, with no statistical difference between 
the groups. No serious adverse events related to exercise 
were observed during the study period. In a study by Risom 
et al., AF patients treated with ablation were randomized to 
exercise-based CR for 12 weeks (n = 105) or a control group 
who received usual care (n = 105) [19]. The CR included 
three weekly bouts of strength and endurance exercise, and 
was associated with improved exercise capacity compared 

to usual care. Two serious adverse events (AF in relation to 
exercise and death unrelated to rehabilitation) were observed 
in the exercise group, one in the usual care group (death 
unrelated to intervention).

Permanent atrial fibrillation

Two RCTs have assessed exercise in patients with per-
manent AF. In a study by Hegbom et al., 13 patients were 
randomized to three weekly 45-min bouts of exercise for 
8 weeks [23]. The exercise bouts consisted of aerobics at 
70–90% of peak HR and strengthening exercise. Compared 
to a control group (n = 15) without exercise, HR variability, 
exercise capacity and QoL improved, and HR at rest and 
during exercise decreased during the intervention. Adverse 
events were not reported in this study. In a study by Osbak 
et al., 47 patients with permanent AF were randomized to 
12 weeks with three weekly 60-min bouts of exercise at 
≤ 70% of estimated maximal exercise capacity (n = 24) or to 
a control group without exercise intervention (n = 23) [25]. 
The intervention included ergometer cycling, walking on 
stairs, running, fitness training and interval training, and was 
associated with improved muscle strength, exercise capacity 
and QoL. No adverse events were observed.

Atrial fibrillation with underlying heart disease

In a multicenter RCT (The HF-ACTION Study) of partici-
pants with heart failure, 193 individuals with AF received 
supervised training (walking, treadmill or cycle ergometer) 
three times weekly for 36 sessions, followed by transition 
to a home-based exercise program for 2 years [28]. After a 
median follow-up of 2.6 years, there were no differences in 
mortality, hospitalization rates, AF events or other endpoints 
between the exercise and the control group (n = 189).

In the RACE 3 trial, 119 patients with persistent AF 
and heart failure were randomized to multi-component 
CR including moderate physical activity. After 12-month 
follow-up, sinus rhythm was present in 75% patients in the 
intervention group versus 63% in the control group (n = 126, 
no information about physical activity in the control group) 
[29].

Atrial fibrillation in athletes

Very few studies have addressed AF in athletes. In a 
9-year follow-up study of 30 male athletes with parox-
ysmal AF and a mean age of 47.1 years, 50% still had 
symptomatic paroxysmal AF 9 years later, while 23% had 
no symptoms of AF and 17% had developed permanent 
AF [30]. At baseline and follow-up, respectively, 23 and 
7% had symptomatic attacks during exercise, and 60 and 
41% had symptoms requiring termination of all sport 
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activities. In a study of 140 veteran athletes (mean age 
68.5 years) with AF who had participated in an annual 
54-km cross-country ski race for an average of 17 (range 
1–49) years, AF was paroxysmal or persistent in 76% and 
permanent in 24% [31]. AF was associated with poor sub-
jective health and 32% reported reduced physical capacity 
as a result of AF, but two out of three reported that they 
had continued to practice regular endurance exercise even 
after the onset of AF.

Discussion

Data from the EORP-AF-registry indicate that regular 
exercise might be associated with reduced mortality and 
lower rates of cardiovascular endpoints, also in individu-
als with AF [27], and support that AF patients should 
exercise regularly to improve their cardiovascular risk 
profile. At the same time, there is a lack of data on the 
effect of exercise-based CR on mortality and serious 
adverse events [32], and weak evidence to support spe-
cific recommendations for exercise in individuals with 
AF. RCTs indicate that short-term exercise might improve 
exercise capacity by 10–16%, reduce symptoms and the 
burden of AF and improve QoL. However, the studies 
have a single-center design and included a relatively small 
number of patients. Furthermore, the selection of study 
participants reduces the generalizability of their results to 
the heterogeneous population of AF patients. Therefore, 
exercise recommendations should aim to be individual-
ized. The suggested recommendations are based on our 
review of studies, knowledge about cardiovascular adap-
tations to exercise, and experience from clinical practice 
and research. Based on epidemiological data [27], we 
presume that AF patients will benefit from regular exer-
cise in terms of reduced cardiovascular risk and mortality, 
and suggest exercise recommendations in line with car-
diovascular disease prevention guidelines for the general 
population; A minimum of 150 min a week of moderate 
intensity (64–76% of peak HR) or 75 min a week of vigor-
ous intensity (77–93% of peak HR) aerobic exercise or an 
equivalent combination thereof [8, 9]. The individual risk 
related to exercise depends on cardiovascular risk factors 
and co-morbid conditions, current physical activity level 
and the desired level of exercise intensity. Based on these 
factors, both the American College of Sports Medicine 
and the European Association of Cardiovascular Preven-
tion and Rehabilitation recommend individualized exer-
cise preparticipation evaluation to identify individuals 
with undiagnosed cardiovascular conditions and elevated 
risk of exercise-related sudden death and other cardiovas-
cular events [33, 34].

First diagnosed atrial fibrillation

As AF can be the first symptom of underlying pathology, all 
patients with first diagnosed AF should be evaluated in line 
with existing guidelines [1], including ECG, echocardiog-
raphy and thyroid function tests. Echocardiography should 
focus on LV size and function, valvular function, atrial 
sizes and right ventricular size and function. If an underly-
ing cause of AF is detected, this should be treated properly, 
and exercise recommendations should be in line with spe-
cific guidelines for the underlying disease. If the evaluation 
does not reveal an underlying condition, we suggest that 
exercise with moderate intensity might be practiced without 
restrictions. In individuals with AF who intend to practice 
exercise or endurance sports with high exercise intensity, 
including veteran non-elite athletes, we suggest that the eval-
uation include a thorough history (family history of cardiac 
arrest or cardiac conditions, recent infectious diseases and 
drug use). Furthermore, we suggest that a stress test is per-
formed in most individuals before high-intensity exercise 
is recommended. In individuals with high cardiovascular 
risk, patients using potentially proarrhythmic drugs such as 
flecainide (class 1C-antiarrhyhtmics), and in previously sed-
entary or moderately active individuals, a stress test should 
be mandatory before high-intensity exercise.

Paroxysmal and persistent atrial fibrillation

We suggest that individuals with asymptomatic AF can exer-
cise without restrictions after the suggested precautions. In 
individuals with major symptoms, treatment with flecainide, 
sotalol, dronedarone or amiodarone should be considered 
following recommended indications and contraindications 
[1]. Individuals using class-I antiarrhythmic drugs should 
be instructed to refrain from exercise until two half-lives of 
the drug have passed [35]. Patients with persistent symptoms 
or side effects on antiarrhythmic medication should be con-
sidered for AF ablation. In individuals with AF paroxysms 
induced by exercise, restrictions with respect to exercise 
intensity might by necessary. In the study by Malmo et al., 
high-intensity interval training reduced the arrhythmia bur-
den in individuals with paroxysmal AF [17]. Exercise with 
high intensity (> 85% of peak HR) might have even larger 
cardiovascular benefits than exercise with moderate intensity 
and the results from this study support that exercise, even 
with high intensity, might be recommended as part of the 
treatment in this group of patients. On the other hand, pro-
longed endurance exercise seems to promote AF, probably 
due to atrial structural changes with increased volumes and 
myocardial fibrosis, and increased parasympathetic activity 
and enhanced atrial response to parasympathetic stimuli, 
as recently reviewed by Morseth et al. [36]. Research on 
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long-term effects and safety related to high-intensity exercise 
in AF patients is warranted.

Permanent atrial fibrillation

After the mentioned precautions, we suggest exercise with-
out restrictions in individuals with asymptomatic perma-
nent AF. Some patients with permanent AF could have 
incomplete ventricular filling with impaired cardiac output, 
or very rapid ventricular rates during exercise. This might 
reduce their exercise capacity and cause symptoms [37, 38]. 
Therefore, exercise restrictions might be necessary in some 
patients with high ventricular rates during exercise until 
sufficient rate control is achieved. On the other hand, our 
clinical experience is that many individuals with permanent 
AF have very high ventricular rates during exercise test-
ing without any symptoms. As far as we know, there are no 
data suggesting harmful effect of asymptomatic rapid ven-
tricular response to exercise in otherwise healthy individuals 
with AF. Exercise testing during AF might give valuable 
information on the ventricular rate and on symptoms during 
exercise, and be helpful to provide individualized exercise 
recommendations and optimize medical therapy. Beta-adren-
oreceptor blocker monotherapy is the most common choice 
for rate control. The non-dihydropyridine calcium channel 
blockers verapamil and diltiazem are alternatives in patients 
with preserved left ventricular function.

Atrial fibrillation with underlying heart disease

For AF patients with underlying heart diseases, exercise 
recommendations will depend largely upon the underlying 
condition and if this is well treated. The beneficial effects 
of physical activity on cardiovascular risk factors are well 
established. Furthermore, beneficial adaptions in the heart 
and cardiovascular system are seen both during and after sin-
gle bouts of endurance exercise and as a result of prolonged 
repeated exercise over months and years. Acute effects 
of exercise are mainly mediated through the sympathetic 
nervous system with positive chronotropic, inotropic and 
lusitropic effects on the heart. Prolonged repeated exercise 
increases cardiorespiratory fitness measured by peak oxy-
gen uptake both in patients with sinus rhythm and AF [17, 
39]. This is mainly due to increased cardiac output during 
exercise. Exercise induces physiological cardiac hypertrophy 
and increases contractility due to improved cardiomyocyte 
calcium handling [40, 41]. Data on exercise in individuals 
with AF and underlying heart diseases are very sparse, but 
risk factor intervention including regular exercise might 
reduce the symptom burden and cardiac remodeling in AF 
patients [42], and we believe that regular physical activity 
should be an important part of the treatment in AF patients 
with high cardiovascular risk. The RACE 3 trial supports 

physical activity as part of a multi-component CR [29], but 
the exercise intensity in this study was low or moderate. Fur-
ther studies are needed to evaluate long-term effects of dif-
ferent levels of physical activity and exercise in AF patients, 
including subgroups of AF patients with heart failure and 
other underlying conditions [28].

Atrial fibrillation in athletes

Data to support exercise recommendations in athletes with 
AF are very sparse, but both the Study Group on Sports 
Cardiology of the European Association for Cardiovascu-
lar Prevention and Rehabilitation, and the American Heart 
Association/American College of Cardiology have published 
general recommendations for competitive athletes [35, 43]. 
We believe that most athletes with paroxysmal AF can exer-
cise without restrictions when in sinus rhythm. If symptoms 
occur during activity, it seems reasonable to cease the activ-
ity. It has been suggested that exercise restrictions should 
be the initial approach in young and middle-aged athletes 
with paroxysmal AF, to minimize the substrates and triggers 
for exercise-related AF [14, 35]. The positive association 
between endurance exercise and risk of AF might support 
detraining in athletes with AF. Furthermore, ectopic atrial 
foci can be activated by sympathetic stimulation and some 
AF patients experience atrial arrhythmias induced by exer-
cise [44]. On the other hand, we are not aware of any studies 
that have prospectively addressed how exercise or detrain-
ing might influence AF burden, symptoms or the course of 
the disease over time in athletes with AF, or have demon-
strated that AF in athletes is caused by cardiac remodeling 
that is reversible by detraining. Such studies are warranted, 
although challenging to complete. Thus, there is a lack of 
evidence that supports detraining as a general recommenda-
tion in athletes with AF, but in individuals with recurrent 
exercise-induced symptomatic paroxysms of AF, detrain-
ing for a period of 2–3 months might be considered [35]. In 
competitive athletes with recurrent AF, it can be difficult to 
ensure appropriate rate control during intensive exercise and 
medical treatment is challenging. Athletes with symptomatic 
AF should, therefore, be considered for AF ablation. Infor-
mation regarding expected treatment effects and possible 
complications is mandatory.

Conclusions

Evidence for effects of physical activity and exercise in indi-
viduals with AF is sparse, but data from a few studies sup-
port beneficial effects in individuals with paroxysmal, per-
sistent and permanent AF. We suggest that individuals with 
AF should exercise regularly after evaluation for underly-
ing conditions. Recommendations should be individualized. 
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There is a lack of data to support exercise recommendations 
in athletes with AF. Further studies on long-term effects of 
physical activity and exercise are needed in all subgroups 
of AF patients.
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