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Background: The relationship between competitive sports and atrialfibrillation (AF) is controversial.We aimed to
systematically evaluate and summarize all published observational data on the association between competitive
sports and AF.
Methods and results: We searched PubMed, EMBASE, Scopus and SportDiskus for all observational studies that
assessed the risk of AF among athletes involved in competitive sports. Datawere extracted and pooled odds ratios
(OR) were calculated using random effects models. Six cohort studies and 2 case-control studies with a total of
9113 subjects were included in our meta-analysis. Pooled analyses showed an increased risk of incident and
prevalent AF among athletes compared to the general population (OR = 1.64 [95% confidence interval (CI):
1.10–2.43]). Age-stratified analysis revealed an effect modification with age. Studies enrolling younger adults
(b54 years) had an increased risk of AF among athletes compared to controls (OR= 1.96 [95% CI: 1.06–3.65]),
but this association was not seen among older adults ≥54 years (OR= 1.41 [95% CI: 0.81–2.44], p = 0.23).
Conclusion: Athletes have an increased risk of AF compared to the general population. Age appears to modify the
risk of AF in athletes.
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1. Background

Atrial fibrillation (AF) is the most common cardiac rhythm distur-
bance, affecting between 2.7 and 6.1 million Americans [1]. The preva-
lence of AF increases from 2% in the young and middle aged to 9% in
people older than 65 years [2]. AF increases the risk of stroke 5-fold
and contributes to an estimated 130,000 deaths annually [1].

Large studies have shown that exercise has a U-shaped relationship
with atrial fibrillation among the general population. The risk of atrial
fibrillation decreases with moderate exercise but increases at the both
ends of the exercise spectrum [3–5]. Nonetheless, the relationship
between competitive sports and AF is controversial. A meta-analysis of
small observation studies totaling 655 athletes and 895 controls showed
significantly increased odds of AF in athletes compared to the general
population (OR 5.29; 95% CI 3.57–7.85) [6]. However, Pelliccia et al.
-ND lic
did not find an increased prevalence of AF among 1777 athletes without
structural heart disease [7].

In light of more recent observational studies, we aim to update the
findings of prior meta-analyses that have evaluated the risk of AF in
athletes. Understanding the association between competitive sports
participation and AF would contribute evidence to the growing field of
cardiovascular care of young and middle aged athletes.
2. Methods

2.1. Search strategy

We searched Pubmed, Embase, Scopus and SportDiskus for all rele-
vant full text articles published before August 1, 2017, without language
restriction. The search keywords used in PubMed were (“atrial fibrilla-
tion” OR “auricular fibrillation”) AND (“endurance” OR “exercise” OR
“sports”OR “athletes”). The same searchwas adapted for Embase, Scopus
ense (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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and SportDiskus. References of retrieved articles were also reviewed for
relevant articles.

2.2. Study eligibility

Articles initially retrieved by systematic search were screened by
title. The following criteria were used to retain articles for further
review: (1) Study assessed the association between competitive or
semi-competitive sports and atrial fibrillation. (2) Study was a case-
control or cohort study. (3) Study provided odds ratio and confidence
intervals or the odds ratio could be calculated from the data provided.

We excluded studies using the following criteria: (1) Study evalu-
ated physical activity that was not related to competitive or semi-
competitive sports. (2) Study focused on valvular or postoperative atrial
fibrillation. (3) Study focused on atrial flutter. When studies included
both atrial flutter and atrial fibrillation, we extracted only the atrial
fibrillation numbers for use in our analysis. (4) Study had control arm
that was not representative of the general population. (5) Study was
a case report, letter to editor or comment. (6) Study did not have
sufficient data.

Our initial search retrieved 1552 articles. See Fig. 1 for PRISMA flow
diagram. After exclusion by title, 125 articles were selected for detailed
review. One hundred and fifteen (115) articles were further excluded.
Of these, 30were reviewarticles, 19 did not report on incidence or prev-
alence of atrial fibrillation, 12 studies involved non-athletes as cases, 21
studies had inadequate or no controls, 4 were editorials or commentar-
ies, and 29 were duplicates. Two studies were later excluded because
one had controls not representative of the general population, and the
Fig. 1. PRISMA flow chart de
other did not have controls. Eight (8) studies were included in the
meta-analysis.

2.3. Data extraction and quality assessment

Two reviewers (HA and VC) extracted all data. Data extracted in-
clude study location, sample size, baseline demographic and clinical
data, type of sport, criteria for AF diagnosis, counts for AF and controls,
and adjusted/unadjusted odds ratios (OR) and confidence intervals
(CI). Differences in data between the 2 reviewers were resolved by a
3rd reviewer. Study quality was assessed by the Newcastle Ottawa
Scale [8]. This assessed three domains, including risk of bias in selection,
comparability and exposure assessment. We classified studies with
quality scores of 6 or greater as high quality (maximum score on the
scale is 9). Otherwise, studies were classified as low quality.

2.4. Definition of atrial fibrillation

Four of the selected studies assessed lone AF. This was defined as
atrialfibrillation in the absence of structural heart disease or identifiable
etiology such as hyperthyroidism, diabetes, hypertension, etc. [1]. The
remainder of the selected studies (with the exception of one) did not
specify AF type, but controlled for known AF risk factors.

2.5. Data synthesis and analysis

We extracted OR and 95% CI, or calculated them from raw outcome
data obtained from the studies. Microsoft Excel 2013 and Review
scribing study selection.
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Manager 5.3 (RevMan) [9] were used for pooled analysis. We calculated
the logarithm of the OR and standard error of its variance. The generic
inverse variance method with random effects model [10] was used for
pooled analysis. The presence of heterogeneity was discerned by Chi
Square tests as described by Woolf [11]. The degree of heterogeneity
was measured by the I2 statistic. Significant heterogeneity was
determined as I2 N 40% [12]. Publication bias was visually assessed
using funnel plot diagrams. We planned to perform stratified analysis
based on study quality, gender and mean age of the population.
However, the number of women in the studies was too small to allow
for stratification by gender.

Our study was performed in compliance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses guidelines
(PRISMA) [13].

3. Results

Eight studies with a total sample size of 9113 were included in our
analysis (Table 1) [14–21]. Six studies were cohort studies while 2
were case-control studies. Five of the studies included male subjects
only. Two studies (Heidbuchel et al. and Calvo et al.) included 83.2%
and 87% men respectively, while one study (Myrstad et al.) did not re-
port on gender. Five of the studies included participants of individual
sports (cycling, skiing, marathon running, orienteering), while 3 studies
included teamsports. Four studies (Elosua et al., Calvo et al., Molina et al.
and Karjaleinen et al.) included only patients with lone AF. The other
four studies included all AF with no specific exclusions (Table 1). Four
studies adjusted for varying confounders as shown in Table 1.

The pooled analysis using a random effects model showed that ath-
letes had a 64% higher odds of incident and prevalent AF compared to
the general population (OR 1.64 [95% CI 1.10–2.43]) (Fig. 2). There
was significant heterogeneity between studies (Chi2 = 15.57, p =
0.03, I2 = 55%). Thus, we performed stratified analysis by study quality
and age to improve the accuracy of our risk measure.

3.1. Stratified analysis

3.1.1. Quality
Five studies met criteria for higher quality (Newcastle Ottawa Qual-

ity score ≥ 6) while 3 studies were judged as lower quality (Table 1).
This stratification led to homogeneity among the higher quality studies.
Among high quality studies, athletes had significantly higher risk of AF
(OR 2.23 [95% CI 1.45–3.41], I2 = 0%) while there was no significant
difference between athletes and controls in low quality studies (OR
1.22 [95% CI 0.81–1.83], I2 = 57%).

3.1.2. Age
Age appeared to be an effect modifier when studies were dichoto-

mized by age at 54 years (Fig. 2). Younger athletes (age b 54 years)
had approximately 2 times increased odds of AF compared to the con-
trols of similar age distribution (OR 1.96 [95% CI 1.06–3.65], I2 = 49%).
Conversely, the risk of AF was not significantly increased in older ath-
letes compared to the general population of similar age (OR 1.41 [95%
CI 0.81–2.44], I2 = 60%). However, the studies included in this stratified
analysis were heterogeneous.

The funnel plot of all studieswas asymmetric, suggestingpublication
bias (Fig. 3). It is possible that negative or null studies were not
published.

4. Discussion

We found that athletes have increased risk of AF compared to the
general population. There appears to be significant interaction with
age. Younger athletes (age b 54) have significantly increased odds
of AF compared to controls (OR 1.96 [1.06–3.65]). However, the



Fig. 2. Risk of atrial fibrillation in athletes compared to the general population, stratified by age of enrolled athletes.
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association between AF and competitive sports is not significant in older
individuals ≥54 years of age (OR 1.41 [0.81–2.44]).

Our findings are similar to a meta-analysis published in 2009 by
Abdulla and Nielsen [6]. They included 6 observational studies compar-
ing athletes and the general population and found an increased risk of
AF (OR 5.29 [95% CI: 3.57–7.85]). However, our effect size was much
smaller, likely due to our inclusion of larger studies that were published
since the publication of that meta-analysis. Furthermore, the average
age of the population in that meta-analysis was 51 years, and they did
not assess for age interaction.

In a meta-analysis by Brunetti et al. that included all levels of physi-
cal activity [22], age was found to modulate the relationship between
physical exercise and AF. Specifically, there was an increased risk of AF
Fig. 3. Funnel Plot showing evi
in studies enrolling subjects b54 years (OR 5.30 [3.48–8.20]). However,
there was an inverse association in studies enrolling subjects N54 years
(OR= 0.84 [0.76–0.92]).We found a similar trend in ourmeta-analysis.
Athletes younger than 54 years had a significantly increased risk of AF,
but the statistical significance was lost in athletes ≥54 years of age.
Since AF is strongly associated with age, it stands to reason that sports
predisposes participants to earlier onset AF but there is no increase in
risk in older athletes compared to non-athletes of similar age.

Themechanism bywhich competitive sports predisposes athletes to
AF is still a matter of intense speculation. It has been proposed that AF
initiation and perpetuation occur due to an interplay of triggers, modu-
lators, and an appropriate substrate [23,24]. Excessive parasympathetic
and sympathetic stimulation, such as occurs in athletes, can trigger
dence of publication bias.
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atrial ectopy and shorten action potential duration, thereby initiating
and sustaining AF [25,26]. Chronic pressure and volume overload from
increased cardiac output leads to adverse anatomic and electrophysio-
logic remodeling, characterized by biatrial dilation, inflammation
and myonecrosis, fibrosis and non-homogenous conduction [23–29].
Conversely, moderate exercise has been shown to be protective against
remodeling [30]. It appears that each of the triggers and substrates
are necessary but not sufficient causes for AF. For example, it is unclear
if increased atrial ectopy by itself leads to more AF in athletes [24].
Furthermore, Guasch et al. [29] showed that exercise increased AF
susceptibility, vagal tone, atrial enlargement and fibrosis in mice that
exercised for 16 weeks. However, after detraining for 4 weeks, AF
susceptibility and heightened vagal tone resolved while LA dilation
and fibrosis persisted [29]. Thus, the interaction between multiple
factors including extreme autonomic input, electrophysiologic changes
and anatomic remodeling is necessary for AF initiation andmaintenance
in athletes.

4.1. Limitations

The asymmetry of our funnel plot suggested evidence of publication
bias. It is likely that negative or null studies were not published.
Moreover, we did not search for fugitive literature. Thus, it is possible
that our risk estimates may be overestimated.

There was significant heterogeneity among the included studies.
Potential causes were different study designs (case-control and cohort
studies) and different methods of AF ascertainment and assessment
of exposure. Also, studies did not uniformly adjust for confounders.
We used stratified analysis to determine the reasons for some of the
heterogeneity, but more high quality studies should be performed on
this topic.

We cannot extrapolate our findings to female athletes as they were
only a small minority of the included population. To date, it remains
unclear whether female athletes are at an increased risk of AF. Further-
more, we included all types of competitive sports but it is possible that
the risk of AF varies with the different sports. Since most of the studies
included endurance sports such as marathon running, cycling and
skiing, these findingsmay not be generalizable to all competitive sports.

5. Conclusion and future studies

Athletes have increased risk of AF compared to the general popula-
tion. The increased risk was only statistically significant in analyses of
young athletes. Further, our findings may be specific to male athletes
only as few female athletes were included in our study.

Large rigorous observational studies assessing AF risk in various
sports are needed. Female athletes make up a significant proportion of
sports participants, and they should be included in future studies.
Future studies should also evaluate the prognosis of athletes who
develop early onset AF to determine whether they at increased risk of
stroke or mortality.
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