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Abstract 

Aim: The aim of this systematic literature review and meta-analyses was to explore the relationship be-
tween physical activity and risk of new-onset atrial fibrillation (AF) or flutter (AFlu).

Results: The search revealed 10 published studies that were eligible for three different meta-analyses. A 
meta-analysis of six case-control studies showed that risk of AF increased more than 5-fold in athletes 
compared to non-athletic controls, OR=5.3 [(3.6, 7.9; 95% confidence interval (CI)], p<0.0001. A second me-
ta-analysis of three case-control studies showed a significantly higher prevalence of athletes among AF 
populations compared to their healthy controls, OR=4.7 (3.1-6.9; 95% CI), p<0.0001. A third meta-analysis 
of three prospective large-scale long-term studies showed that moderate/high habitual physical activity 
was associated with significantly reduced risk of AF compared with none or very low intensity physical 
activity OR=0.89(0.83, 0.96; 95% CI), p=002.

Conclusions: Long-term vigorous physical training or lack of physical activity both are associated with 
increased risk of AF, while habitual moderate physical activity may be associated with reduced risk. Fur-
ther large-scale prospective randomized controlled studies particularly in athletes are needed to further 
confirm these findings.

failure and up to 2-5% annual mortality.2 Several 
case-control studies and a meta-analysis thereof 
have reported a substantially increased risk of AF 
among athletes after long-term vigorous training.3 
However, this finding contradicts the general con-
cept stating that regular exercise is beneficial for 
health and may reduce hazards of cardiovascular 
morbidity and mortality.4,5 On the other hand, lack 
of physical activity and sedentary life style might 
be associated with adverse health problems and in-
creased risk of AF as well. In the context of two ex-
treme paradigms of vigorous physical activity and 
lack of physical activity, it has also been suggested 

Introduction

Atrial fibrillation (AF) is the most common ar-
rhythmia observed in the clinical practice. The 
prevalence of AF in the developed countries has 
been estimated to about 1.5 -2.0% of the general 
population.1  The recognized risk factors that may 
be responsible for AF include age, hypertension, 
left ventricular hypertrophy, left atrial dilatation, 
low left ventricular ejection fraction, diabetes and 
hyperthyroidism.1 AF is frequently accompanied 
by atrial flutter (AFlu) and is associated with a 
five-fold risk of stroke, a three-fold risk of heart 



that chronic or habitual moderate physical activ-
ity may be associated with reduced risk of AF.6,7 
Apparently, the relationship between physical ac-
tivity and development of AF is rather complex 
and displays paradoxical aspects of how physical 
activity may modify risk of AF. Furthermore, it is 
important for millions of healthy people, particu-
larly athletes, to understand the impact of physi-
cal activity on risk of AF and other cardiovascular 
morbidity and mortality. Accordingly, it is essen-
tial to highlight the evidence-based findings con-
cerning the likely beneficial and adverse effects 
of heavy or moderate long-term physical activ-
ity on risk of new-onset AF in different groups of 
the general population. In spite of the limited lit-
erature, this updated literature review since our 
publication of a meta-analysis in 2009,3 intended 
to add newly published studies and analyze the 
possible link between AF and different degrees of 
physical training.

Methods

We searched in the large electronic databases 
Pubmed, EMBASE and Cochrane for all available 
studies reporting events of AF in athletes or per-
sons practicing vigorous exercise compared with 
non-athletes. We have also searched for stud-
ies examining the effect of high physical activity 
compared with low or no activity. The search was 
conducted up to December 2012. The following 
keywords were used: AF, arrhythmia combined 
with athlete, sports, physical activity, endurance 
and exercise. References of the retrieved papers 
and papers published by expert authors were also 
screened for eligible studies.

Study Eligibility

We considered three types of studies eligible for 
inclusion and meta-analyses:

1. Case–control studies reporting number of inci-
dental AF or AFlu in athletes compared with non-
athletes. We included AFlu events as well because 
AFlu may often accompany AF. Studies on athlet-
ic populations reporting arrhythmias/AF without 
controls or those that have reported other types 
of arrhythmias but no AF or AFlu were excluded.
2. Studies examining prevalence of athletes in con-
secutive populations with AF compared with con-

trols without AF.
3. Studies examining physical activities in the 
general population in order to compare high ver-
sus none or low-moderate intensity of physical 
activity.

Data Extraction and Synthesis

Numbers of patients with AF in athletes and con-
trols were extracted from each study.Numbers 
of athletes in groups with AF versus those with-
out were extracted as well.All authors (J.R.N. 
and K.W. and J.A.) contributed to the searching 
process, study evaluation and data extraction 
independently and any conflict was resolved by 
open consensus. J.A. was the adjudicating au-
thor. J.A. is senior cardiologist with more than 
15 years of experience with systematic reviews 
and meta-analyses and epidemiological studies.

Statistics

The reported numbers of AF and AFlu events in 
athletes compared with the numbers of controls 
were pooled together providing the overall odds 
ratio (OR) with 95% confidence interval (CI) for 
AF in the athletic population. Similarly, we com-
bined the studies reporting numbers of athletes 
in populations with AF versus controls without 
AF. By the same method AF events in the physi-
cal activity groups of the general population 
were compared. We compared the high intensi-
ty physical activity group with each of the four 
groups, which were comparable in two included 
studies.6,7 In the study by Frost the high intensity 
group was compared with only three groups.8 

We used weighted fixed or random effects model 
depending on data heterogeneity and size of stud-
ies.Heterogeneity was tested using X2 method 
(with a p-value of 0.05 considered significant) and 
I2 statistic. The I2 (measured as 0–100%) indicates 
the percentage of variation in the study results 
attributed to between-study heterogeneity rather 
than sampling error. A value of I2 exceeding 20% 
was considered significant. For the estimated 
overall OR, a p-value of 0.05 and a Z-score of 2 
were considered significant. Meta-analysis pack-
age of the statistic software program STATA ver-
sion 12 (STATA Corporation, Lakeway Drive, Col-
lege Station, TX, USA) was used for all analyses.
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Results

Search Results

The electronic search resulted in detection of 4097 
hits. A further manual search resulted in detection 
of 271 references. After exclusion by titles and ab-
stracts, 21 full-text studies were retrieved for inclu-
sion. Eleven studies did not provide relevant data 
and were excluded. Finally, 10 studies met inclu-
sion criteria and were selected to meta-analysis. 

Study and Patient Characteristics

Six case-control studies comparing number of AF 
events in each group (Athletes n=655 versus con-
trols n=895) were included in the meta-analysis .9-14 
Patient characteristics have been described previ-
ously.3 Three case-control studies provided data 
concerning the number of athletes participating 
in different types of sports and identified in popu-
lations with AF (n=210) versus matched controls 
without AF (n=320).9,13,15. One of these studies ex-
amined exclusively patients with AFlu.15

Three prospective large-scale long-term studies 
provided comparative data concerning the differ-
ent intensity levels of physical activities in general 
populations.6,7 The study by Frost8 included 38.400 
persons, who were divided in four groups: seden-
tary sitting position, sedentary in standing position, 
light and heavy work. Patients fulfilled a question-
naire for work and leisure-time physical activities 
(sports during summer and winter). The study by 
Mozaffarian included (n=5.446) adults ≥65 years 
[6], while the study by Everett included (n=34.759) 
adult women.7 The two latter studies had stratified 
the included populations into five subgroups ac-
cording to incremental levels of physical activity: 
none or very low intensity, low intensity, moder-
ate intensity, moderate-high intensity and high in-
tensity physical activity.The populations of these 
three studies were not athletes, therefore they 
were analyzed separately. Finally, a prospective 
study by Azier et al. had similar design and long 
follow-up but this study did not provide numbers 
of AF events in each subgroup therefore it was ex-
cluded from the meta-analysis.16

Definition of Athletes and Habitual Physical 
Activities in the Included Studies

Athletes in the included studies were defined 
as persons participating in competitive sport 
as young adults through several decades up 
to older age.The habitual or leisure time physi-
cal activities were reported either as Minne-
sota Leisure-time Activities questionnaire6 or 
a questionnaire reporting the different activi-
ties: walking, jogging, bicycling, dance, swim-
ming, weight lifting, and yoga or stretching.7 

Results of the Meta-Analyses

The meta-analysis of the six case-control studies 
showed an increased risk of AF in athletes com-
pared with controls with OR=5.3 (3.6-7.9; CI 95%), 
p<0.0001. These studies were homogeneous with 
insignificant p=0.63 for heterogeneity and with 
insignificant variation with I2=0% (fig.1).

The meta-analysis of three studies comparing 
numbers (prevalence) of athletes in patients with 
AF versus their matched healthy controls showed 
a significant increased prevalence of athletes 
among patients with AF OR=4.7 (3.13- 6.9; 95% 
CI), p<0.0001. The combined studies were homo-
geneous with p=0.36 for heterogeneity and insig-
nificant variation of I2=0% (fig.2).

Combining the three large-scale and long-term 
studies comparing the incremental intensities 
of physical activities stratified in five subgroups 
(none, low, moderate, moderate-high and high 
intensity physical activity) showed that high 
intensity physical activity was associated with 
11% reduced risk of AF, OR=0.89(0.83-0.96; 95% 
CI), p<0.0001 (fig.3). The risk reduction was even 
higher when comparing high physical activity 
subgroup was compared with those with none 
physical activity [OR=0.78(0.68-0.89; CI 95%)], 
p=0.007. A comparison of the high physical ac-
tivity with either low-moderate physical activity 
[OR=0.92(0.80-1.05; CI 95%)], p=0.22 or moder-
ate physical activity [OR=1.01(0.88-1.17; 95%CI)], 
p=0.86, did not show any significant difference. 
The included studies were heterogeneous with 
p=0.002 for heterogeneity and with a significant 
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variation I2=70% (fig.3).Despite heterogeneity, the 
analysis was run using fixed effects model in or-
der to maintain study weights.

Discussion

The results of this review and meta-analyses cov-
ered several aspects of the impact of physical 
activity on risk of AF. The case-controls studies 
demonstrated that vigorous exertion conferred a 
substantial increased risk of AF/AFlu in athletes 
(fig.1). An additional meta-analysis of studies pro-
viding the prevalence of athletes in populations 
with AF/AFlu compared to controls supported 
also the outcome of higher prevalence of athletes 
among AF patients (fig.2). A meta-analysis of three 
prospective large-scale studies showed increased 
risk of AF in populations with none or very low 
physical activity, while habitual moderate/high 
physical activity was associated with substantial 
reduction of risk of AF (fig.3). These findings il-
lustrated the relationship between physical ac-
tivity and risk of AF and suggested a U-shaped 
relationship between physical activity and risk of 
new-onset AF.

A prospective large-scale study by Aizer et al ,16 

which was excluded from the current meta-anal-
ysis, examined the risk of AF in 16.921 physicians 
divided into five groups of incremental intensity 

of physical activity levels. The study was conduct-
ed in a similar design as the studies by Mozaffarian 
and Everett 6,7. Aizer et al concluded that there were 
no significant differences among the five groups 
concerning the risk of AF. However, in subgroup 
analyses a significant increased risk of AF was ob-
served among men younger than 50 years and in 
joggers. Accordingly, the results of this study sup-
ported also the previously mentioned relationship 
between vigorous training and risk of AF.

Different pathophysiological mechanisms might 
play important role in the long-term impact of 
physical activity on general health, cardiovascular 
morbidity and in particular risk of developing of 
new-onset AF. The long-term structural and physi-
ological remodeling that occur in athletes and sed-
entary persons’ hearts take obviously two different 
pathways but both might potentially encourage 
AF/AFlu.17 This may depends on changes of the 
geometric pattern that myocardium and coronary 
arteries undergo and pave the way for development 
of arrhythmic substrates. 18 In the athletic heart, 
ventricular hypertrophy and dilatation, atrial dila-
tation and increased parasympathetic vagal tone 
and lower heart rate have been suggested as the 
most likely etiology of arrhythmias. 19-21 On the oth-
er end, sedentary life style associated with minimal 
physical activity can lead to obesity, hypertension, 
diabetes, coronary artery disease and increased 
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Figure 1:  Meta-Analysis of Lone Atrial Fibrillation Risk in Athletes Compared with Non-Athletes



ing and swimming, may be more beneficial as these 
types of athletes may comprise greatest structural 
and functional cardiac remodeling.

The evaluation of risk of AF in athlete women com-
pared to men is still lacking due to the fact that the 
vast majority of the participants in the published 
studies constituted of men. However, the correla-
tion between physical activity and risk of AF was 
evaluated in the study by Everett et al that exclu-
sively included women.7 This study showed that 
in women who achieved 7.5MET-h/week of physi-
cal activity the risk of AF was lower compared to 
those who did not. Another study by Frost8 that 
provided data on men and women showed no dif-
ference in the risk of AF between men and women 
experiencing none, light or heavy physical activi-
ties.This indicates that the pattern of relationship 
of physical activity and risk of AF in women may 
most likely be similar to men, nevertheless, inde-
pendent data in athletic women are still needed to 
further elucidate this issue.

Aizer et al 16 showed that jogging –a relatively 
vigorous sport– compared to less vigorous activi-
ties was associated with increased risk of AF. Most 
of the studies included mixed athletic populations 
or mixed physical activities of several types, but 
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heart rate that can in turn lead to increased risk 
of AF. In this context, it is reasonable to state that 
habitual high/moderate physical activity may be 
able to reduce the risk of AF by minimizing the 
aforementioned precipitating factors. 22-26

Age is an independent factor for development of 
new-onset AF and the prevalence of AF increases 
sharply by aging. 1 However, by aging the co-
morbidities also augment and it may become dif-
ficult to distinguish the precise etiology of AF in 
older persons. In younger healthy adults new-on-
set AF is rare and it may also be difficult to define 
the exact etiology. Interestingly, Mozafarrain et al 
6 showed that leisure-time physical activities was 
associated with reduced risk of AF in adults older 
than 65 years. Conversely, in the study by Aizer et 
al 16 this risk increased in young middle-age men 
and joggers. This might be explained by the fact 
that younger men have tendency to exercise more 
vigorously and thus comprise a higher risk of AF. 
Although the current data and analyses support 
the higher prevalence of lone AF in young ath-
letes, this debate will continue until future stud-
ies explore the pathphysiological, clinical back-
ground and possibly even the genetic aspects of 
AF. In this regard new studies focusing on young 
athletes, training competitive sports such as row-

Figure 2:  Results of the Meta-Analysis of Studies Comparing Number (Prevalence) of Athletes in Populations with Atrial 
Fibrillation (AF) Versus Matched Controls without AF



no further subgroup analyses were performed in 
order to explore the differences. Most likely, the 
intensity and not the type of the physical exertion 
may be the cause of increased risk of arrhythmias. 
Nevertheless, dynamic sport types may be more 
vigorous and may elevate the risk of arrhythmias 
more than static types. In this regard, comparative 
analyses are required to confirm this hypothesis. 
We speculate that the U-shaped relationship may 
be due to increased afterload and other hemody-
namic consequences of increased blood pressure 
burden in sedentary but also high intensity vigor-
ous every-day exercise.

Concerning survival analyses, only two of the in-
cluded studies in this meta-analysis had followed 
up patients for all-cause mortality. Karjalainen et 
al 11 found significantly lower mortality rate and 

fewer cases of coronary artery disease in athletes 
compared with controls. Baldesberger et al 14 found 
no significant difference in mortality between ath-
letes and controls. Thus, despite the higher preva-
lence of AF which is a promoting cause of death, 
the results of these studies may indicate that AF 
in athletes is not necessarily associated with in-
creased death. Presumably, the beneficial effects 
of physical training on health and cardiovascular 
risks can offset the adverse risks of AF.

Limitations

The results of these meta-analyses should be in-
terpreted cautiously. The included studies in ath-
letic populations were of small size and not of 
randomized controlled nature. Accordingly, se-
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Figure 3: Meta-Analysis of High Intensity Physical Activity (PA) Group Compared to None, Low, Moderate and Moderate-High 
Physical Activity Groups

lection bias is likely. The leisure-time physical ac-
tivity studies were heterogeneous in baseline and 
represented specific groups of the general popula-

tions like older people above 65 years or women. 
Confounding co-morbidities might have contrib-
uted with significant bias. Exclusion of the study 



by Aizer et al 16 may have contributed with bias. 
Despite our systematic search publications bias is 
still likely. 

Conclusions 

Based on the results of this review, long-term vig-
orous exertion may be associated with AF/AFlu in 
athletes. An increased mortality and morbidity in 
athletes has not been found but future large-scale 
longitudinal studies are needed to follow up all-
cause mortality, cardiac mortality, stroke and hos-
pitalization due to AF. Lack of habitual physical 
activity may also be correlated to increased risk 
of AF, while active life-style with high/moderate 
physical activity seems to be beneficial and is as-
sociated with lower risk of AF. Overall, it seems 
that physical activity and the risk of AF have a U-
formed relationship.
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