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ABSTRACT
Aims Endurance sport practice is associated with a high 
prevalence of atrial fibrillation (AF), which increases the 
risk of stroke in the general population. However, stroke 
risk in endurance athletes with AF is sparsely investigated. 
Most studies have been limited by design and are largely 
restricted to younger and middle- aged populations. 
Thus, we aimed to investigate AF and stroke risk in older 
athletes exposed to prolonged endurance training.
Method During a 10- year period, 505 male athletes 
aged ≥65 years frequently participating in a long- distance 
ski race were compared with 1867 men of the same 
age from the general population. The main exposure 
was endurance sport practice with self- reported AF and 
stroke as outcomes. Stroke risk was further examined by 
joint modelling of AF and endurance practice. Statistical 
analysis was conducted with a modified Poisson model.
Results Athletes (median age: 68, range: 65–90) 
participated in a long- distance ski race over a median of 
14 years (range: 1–53). Prevalence (28.5% vs 17.8%) and 
adjusted risk of AF (risk ratio (RR): 1.88, 95% CI: 1.49 to 
2.37) were higher in athletes compared with non- athletes, 
whereas the prevalence (5.4% vs 9.7%) and risk of stroke 
were lower (RR: 0.60, 95% CI: 0.37 to 0.95). Compared 
with athletes without AF, risk of stroke was twofold in 
athletes (RR: 2.38, 95% CI: 1.08 to 5.24) and nearly 
fourfold in non- athletes (RR: 3.87, 95% CI: 1.98 to 7.57) 
with AF.
Conclusion Although older male endurance athletes 
experienced an increased risk of AF, the long- term risk 
of stroke was substantially reduced compared with non- 
athletes.

INTRODUCTION
Atrial fibrillation (AF) is the most common 
cardiac arrhythmia worldwide.1 AF is associ-
ated with a substantially elevated risk of cardi-
oembolic stroke,2 particularly in the presence 

of concomitant cardiovascular risk factors. 
In contrast, there is an inverse dose- response 
association between physical activity (PA) and 
cardiovascular disease,3 4 and moderate levels 
of PA are also associated with a decreased risk 
of AF.5 6 However, high levels of vigorous PA 
and particularly systematic endurance exer-
cise are associated with an increased risk of 
AF, even in the absence of established risk 
factors,7–9 resulting in a high AF prevalence 
in male endurance athletes.10 Although not 
fully understood, the risk of exercise- related 
AF is probably linked to cardiac remodelling 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ There is a high prevalence of atrial fibrillation (AF) in 
otherwise healthy endurance athletes.

 ⇒ Despite substantial benefits on traditional cardio-
vascular risk factors, endurance sport practice is 
indicated as an independent risk factor for AF.

WHAT THIS STUDY ADDS
 ⇒ Few studies have investigated the risk of AF and 
stroke among endurance athletes prospectively.

 ⇒ Despite the high risk of AF among older male en-
durance athletes, the risk of stroke was substan-
tially lowered compared with non- athletic men of a 
similar age.

 ⇒ Our findings indicate that the risk of stroke associ-
ated with exercise- related AF might be diminished.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ This study adds to the existing research literature 
on AF and stroke risk related to endurance sport 
practice, and could aid physicians in nuanced coun-
selling of endurance athletes.  on M
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caused by repetitive exposure to high blood volumes and 
pressures during endurance exercise.7

The majority of previous studies have been limited by 
retrospective or cross- sectional designs and are largely 
restricted to young and middle- aged male athletes, with a 
limited period of exposure to endurance sport practice. 
The long- term risk of AF and stroke in older recreational 
athletes exposed to prolonged endurance sport practice 
has been sparsely investigated. Myrstad et al10 observed 
an increased risk of AF in endurance athletes aged ≥65 
years in a cross- sectional investigation. However, whether 
the risk of AF observed in older endurance athletes trans-
lates into an increased risk of stroke remains unclear. In 
a cross- sectional study, AF was associated with a twofold 
prevalence of stroke among recreational cross- country 
skiers aged ≥65 years, but not in younger athletes.11 In 
another study that included >200 000 skiers with a mean 
age of 37 years, AF was associated with an increased risk 
of stroke during up to 9- year follow- up, but the absolute 
risk of stroke was very low.8

In the present study, we aimed to examine the cumu-
lative prevalence and risk of self- reported AF and stroke 
related to leisure- time PA and endurance sport prac-
tice during an 8- year to 10- year follow- up among older 
male recreational cross- country skiers compared with 
men of similar age representing the general Norwegian 
population.

METHOD
Design and study population
The current study comprises two prospective cohorts, one 
consisting of men aged ≥65 years who participated in the 
Birkebeiner Ageing Study (BiAS),10 the other is a sample 
of men in the same age group included from the sixth 
wave of the population- based Tromsø Study (Tromsø6, 
2007–2008).12 In total, our pooled study sample included 
2372 participants.

BiAS is a prospective cohort study that included 
participants competing in the Birkebeiner cross- country 
ski race, an arduous competition extending over 54 
km with >1000 uphill altitude metres.10 In total, 658 
(n=607 male, n=51 female) athletes who completed the 
race in 2009–10 and were aged ≥65 years at that time 
were invited to participate. In the current analyses, we 
included men only as there were few eligible female 
athlete participants. In total, 509 athletes agreed to 
participate, and 505 (83%) were included (figure 1). 
The athletes received a questionnaire that was filled out 
and returned by post. A follow- up questionnaire was 
distributed in 2014 and 2020, allowing examination of 
AF and stroke during a 10- year follow- up. Seventy- nine 
(15.6%) participants did not respond to the follow- up 
in 2014. Furthermore, 152 (30.1%) participants did not 
respond to the follow- up in 2020 (online supplemental 
table 1), out of which 115 did not reply, while 37 were 
dead. In total, 87.7% (n=443) of participants responded 
to follow- up either in 2014 (17.8%), 2020 (3.4%) or 
both (66.5%).

The Tromsø Study is a population- based study with 
repeated surveys with participants from the municipality 
of Tromsø, Norway.12 Participants in the Tromsø Study 
are considered representative of a northern European 
white urban population.13 Of all male inhabitants aged 
65–87 years who were invited to participate in Tromsø6 
(n=2757), 1867 (68%) attended and were included in 
the current study. Data on AF and stroke were available 
from the seventh Tromsø survey (Tromsø7, 2015–16), 
which allowed assessment of outcomes after 8 years. Out 
of attending participants in Tromsø6, 834 participants 
(44.7%) did not attend the follow- up examination in 
Tromsø7 (online supplemental table 1), 429 of these 
were invited but did not attend, 354 were dead and 51 
had moved out of the municipality.

Figure 1 Flow chart of participants included in the study. The Birkebeiner Ageing Study and the Tromsø Study. AF, atrial 
fibrillation.
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Exposures and outcomes
The main exposure was participation in the Birkebeiner 
race, dichotomised into athletes versus non- athletes. 
Secondary exposure variables were years of race partic-
ipation (annual Birkebeiner races completed), medals 
achieved in the Birkebeiner race and self- reported 
leisure- time PA. A medal is achieved when a participant 
completes the race within the average race time +25% of 
the top five performers in their respective 5- year age class. 
In both BiAS and Tromsø6 and Tromsø7, self- reported 
leisure- time PA was assessed by the Saltin- Grimby Phys-
ical Activity Level Scale (SGPALS),14 which assesses PA 
on a 4- level scale (1=sedentary, 2=light, 3=moderate, 
4=vigorous). The questionnaire has been thoroughly 
validated15 16 and has to a moderate extent discriminative 
ability in terms of an individual’s V̇O2max.

14

The main outcomes were self- reported AF and stroke 
reported at least once either at baseline (Tromsø6 and 
BiAS 2009/2010) or during follow- up (Tromsø7, and BiAS 
2014 and/or BiAS 2020). BiAS participants were asked 
“Do you have, or have you ever had atrial fibrillation?” 
and were given the following alternatives ‘yes, once’, ‘yes, 
several times’, “yes, I have it chronically” or ‘no’. All three 
‘yes’ alternatives were subsequently merged into a single 
category before analysis. Tromsø6 participants were asked 
the same question with response options ‘yes’ or ‘no’. 
Furthermore, confirmed AF diagnoses by electrocardiog-
raphy were retrieved from medical hospital records at the 
University Hospital of North Norway (for Tromsø Study 
participants only) and used in supplementary analyses. 
Self- reported stroke was based on the question “Do you 
have or have you ever had a stroke”, with either ‘yes’ or 
‘no’ as possible answers. The question differed slightly 
at follow- up for BiAS participants as they were asked to 
answer if they had experienced a stroke only. Thus, in line 
with the skip pattern participants in BiAS with missing 
data for stroke at follow- up were treated as ‘no’.

Participants with missing data on AF and/or stroke at 
either baseline or follow- up were included in the analysis, 
whereas participants with missing data at all examination 
points were excluded from the analysis.

Covariates
In Tromsø6, height and weight were measured to the 
nearest centimetre and half kilo with participants 
wearing light clothing without shoes. In BiAS, height and 
weight were self- reported. Body mass index was calcu-
lated as weight divided by the square height in centime-
tres. All other covariates were obtained by self- report in 
both cohorts. Education, smoking and alcohol frequency 
questions differed slightly between the cohorts as there 
were more alternatives in the BiAS questionnaire. As 
such, they were collapsed into harmonised categories. 
Additionally, participants were asked “Do you take blood 
pressure lowering medication?” Coronary heart disease 
(CHD) was assessed by two questions: “Do you have, or 
have you had angina pectoris?” and “Do you have, or have 
you had a heart attack?” Diabetes was examined by the 

question “Do you have, or have you had diabetes?” The 
questionnaires are described in detail elsewhere.17 18

Statistics
Participants from BiAS and the Tromsø Study were 
analysed together in a pooled cohort. Descriptive char-
acteristics for continuous variables are given as median 
(25th and 75th percentile) and categorical variables as 
percentages. Differences between groups for baseline 
covariates were assessed by independent- samples Mann- 
Whitney U test for continuous variables and by Pearson’s 
χ2 test for categorical variables. The cumulative preva-
lence of AF and stroke were defined as all participants 
still alive at follow- up who reported an outcome at least 
once during the study period divided by all participants 
who attended the baseline survey and were still alive at 
follow- up. We examined associations between exposures 
and outcomes with a Poisson loglinear regression anal-
ysis with robust SEs where parameter estimates are given 
as risk ratios (RR) and corresponding 95% CIs. To iden-
tify adjustment variables, directed acyclic graphs were 
drawn using the web application DAGitty (www.daggity. 
net) (online supplemental figures 1–4). In addition to 
an age- adjusted model, we present a total effect model 
(model 2) and a direct effect model (model 3). Model 
2 is adjusted for age, body height, education, smoking 
status and frequency of alcohol consumption. Model 3 
is adjusted for model 2+CHD, diabetes, body mass index 
and antihypertensive medication, aiming to examine 
exercise- related outcomes. RRs were estimated during a 
10- year follow- up for AF and stroke. We present estimates 
for athletes compared with non- athletes as the reference 
and estimates for races completed and medals achieved 
per 10- unit increase among athletes with the lowest 
number of races or medals as the reference. Further-
more, AF risk for joint categories of endurance sport 
practice and SGPALS are presented (1=non- athletes 
inactive, 2=non- athletes light, 3=non- athletes moderate 
to vigorous, 4=athletes light, 5=athletes moderate to 
vigorous). In addition, we categorised participants by AF 
status in both cohorts and examined stroke risk in four 
groups (1=athletes without AF, 2=non- athletes without 
AF, 3=athletes with AF, 4=non- athletes with AF). The 
significance level was set at 0.05. All statistical analyses 
were performed with Stata V.17 (StataCorp, Texas, USA).

Sensitivity analyses
We performed sensitivity analyses by excluding partic-
ipants who reported CHD and diabetes at baseline. 
Furthermore, to account for a larger loss to follow- up 
in the Tromsø Study compared with BiAS, sensitivity 
analyses were performed by including non- attendees of 
Tromsø7 (follow- up) who developed AF during the study 
period according to ECG confirmed AF diagnoses from 
the University Hospital of North Norway (online supple-
mental table 3). To further assess the robustness of the 
estimated AF risk, we removed all participants with ≥1 AF 
risk factor (smoking, overweight, hypertension, diabetes 
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and CHD) and reran model 3 (online supplemental table 
4). We also reanalyzed the risk of AF and stroke after 
exclusion of participants aged >75 years to account for 
possible issues related to recall bias (online supplemental 
table 5).

RESULTS
Descriptive characteristics for participants at baseline 
are given in table 1. On average, athletes were 2.6 years 
younger, 4.2 cm taller, 6.7 kg lighter and more educated 
than non- athletes. Athletes were less often current or 
previous smokers and had a very low prevalence of 

cardiovascular risk factors and conditions, such as CHD, 
diabetes and use of antihypertensive medication. Athletes 
reported that they had participated in the Birkebeiner 
race over a median of 14 years (range: 1–53) and had 
been practising regular systematic endurance training 
over a median of 36 years (range: 0–67), with nearly one- 
fourth (24%) reporting systematic endurance training 
for at least 50 years. Ninety per cent (n=443) of athletes 
reported either moderate or vigorous PA during past 12 
months. Two athletes had missing data for races, 5 were 
missing data for medals and 13 did not report PA. There 
were 245 (13.1%) non- athletes with missing data on PA.

Table 1 Descriptive characteristics for the Tromsø Study (Tromsø6) and the Birkebeiner Ageing Study (BiAS) study 
participants

Baseline characteristics Tromsø6 (n=1867) BiAS (n=505) P value

Age (years) 70 (67–75) 68 (66–71) <0.001

Height (cm) 174.5 (170.1–178.8) 178.0 (175.0–182.0) <0.001

Weight (kg) 81.2 (73.4–89.9) 75.0 (70.0–80.0) <0.001

BMI (kg/m2) 26.8 (24.4–29.1) 23.5 (22.2–24.8) <0.001

Number of Birkebeiner races completed – 14 (7–27)   

Number of achieved Birkebeiner medals – 6 (0–21)   

Total years of systematic endurance training – 36 (19.0–49.0)   

  % (n) % (n)   

Education     <0.001

  Primary/Secondary school 35.6 (646) 16.6 (83)   

  High school 35.8 (649) 42.2 (211)   

  College/University 28.6 (518) 41.2 (206)   

Smoking status     <0.001

  Current 15.4 (281) 0.8 (4)   

  Former 60.6 (1103) 37.9 (191)   

  Never 24.0 (436) 61.3 (309)   

Frequency of alcohol consumption     <0.001

  Never 14.2 (259) 9.4 (46)   

  1–4 times per month 64.1 (1169) 73.0 (356)   

  2–3 times a week 15.6 (284) 14.6 (71)   

  4 times or more per week 6.2 (113) 3.1 (15)   

  Coronary heart disease 24.3 (444) 3.6 (18) <0.001

  Diabetes 8.5 (154) 0.8 (4) <0.001

  Currently or previously on antihypertensive medication 40.5 (729) 15.7 (76) <0.001

Self- reported physical activity     <0.001

  Sedentary 19.4 (314) 0.2 (1)   

  Light 58.0 (941) 9.8 (48)   

  Moderate 21.9 (355) 51.0 (251)   

  Vigorous 0.7 (12) 39.0 (192)   

  ≥1 AF risk factor present 86.0 (1605) 35.1 (177) <0.001

Values are presented as median (25th and 75th percentile) for continuous variables and as percentages for categorical variables. AF risk 
factor variable: one or more of the following: BMI ≥25 kg/m2, current smoker, current use of antihypertensive medication, diabetes and 
coronary heart disease.
AF, atrial fibrillation; BMI, body mass index.
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During the study period, 470 (20.3%) individuals 
reported AF. The cumulative AF prevalence was 17.8% 
for non- athletes and 28.5% for athletes. In the age- 
adjusted analysis, the RR of AF was 1.64 (95% CI: 1.38 
to 1.95) for athletes compared with non- athletes. After 
multivariable adjustment (model 2 and 3), the RR for AF 
was 1.42 (95% CI: 1.17 to 1.73) and 1.88 (95% CI: 1.49 to 
2.37), respectively (table 2). We did not observe any statis-
tically significant association between AF and number of 
races completed or medals achieved. When modelling 
AF risk by joint associations of leisure- time PA during 
the past 12 months and years of endurance sport prac-
tice, we observed a non- linear dose- response association 
(figure 2, p<0.05), with the highest risk of AF observed 
among athletes reporting vigorous PA. In sensitivity anal-
yses, we added incident AF cases according to hospital 
records and found that the cumulative AF prevalence 
increased to 22.5% for non- athletes, and the relative risk 

of AF in athletes versus non- athletes decreased (model 
3—RR: 1.52, 95% CI: 1.24 to 1.88). Excluding partici-
pants with at least one risk factor for AF did not result in 
a meaningful change of the estimated risk of AF.

In total, 211 (9.1%) participants reported a stroke, 
with a cumulative prevalence of 9.7% in non- athletes and 
5.4% in athletes. Although the age- adjusted RR was 0.60 
(95% CI: 0.41 to 0.89), the association between endur-
ance sport practice and stroke was not significant (model 
2—RR: 0.69, 95% CI: 0.45 to 1.04) after multivariable 
adjustment (online supplemental table 6). However, after 
excluding participants with CHD and diabetes at baseline 
the association reached statistical significance (RR: 0.60, 
95% CI: 0.37 to 0.95). The estimated risk reduction was 
diminished after further adjustment in model 3 (RR: 
0.76, 95% CI: 0.47 to 1.24). The cumulative prevalence 
of stroke was 8.3% in athletes with AF and 14.2% among 
non- athletes with AF. Compared with athletes without AF 
the estimated risk of stroke was increased in non- athletes 
without AF (RR: 1.94, 95% CI: 1.04 to 3.60), athletes with 
AF (RR: 2.38, 95% CI: 1.08 to 5.24) and non- athletes 
with AF (RR: 3.87, 95% CI: 1.98 to 7.57), respectively 
(figure 3).

Restricting the analysis to participants ≤75 years did not 
change the estimated risk of AF and stroke.

DISCUSSION
This study is to our knowledge the first to assess long- 
term AF and stroke risk prospectively in older men with a 
history of long- term endurance sport practice. Although 
prolonged endurance sport practice was associated with 
an increased risk of AF in older men during long- term 
follow- up, the risk of stroke was decreased. Relative to 
athletes who did not report AF during the study period, 
the risk of stroke was higher in both athletes and non- 
athletes reporting AF, as well as for non- athletes who did 
not. Furthermore, although not statistically significant, 
the estimated risk appeared higher in non- athletes with 
AF compared with athletes with AF, which may suggest 
that athletes with exercise- related AF are less susceptible 
to stroke than their non- athletic counterparts with AF.

Table 2 Risk ratio with 95% CIs for atrial fibrillation and stroke

Exposure N Number of cases n (%) Model 1 Model 2 Model 3

Atrial fibrillation

  Non- athletes 1807 325 (18.0) 1 Reference 1 Reference 1 Reference

  Athletes 505 145 (28.7) 1.64 (1.38 to 1.95) 1.42 (1.17 to 1.73) 1.88 (1.49 to 2.37)

Stroke

  Non- athletes 1305 116 (8.9) 1 Reference 1 Reference 1 Reference

  Athletes 479 23 (4.8) 0.55 (0.35 to 0.85) 0.60 (0.37 to 0.95) 0.76 (0.47 to 1.24)

Model 1: adjusted for age; model 2: additionally adjusted for body height, education, smoking status and frequency of alcohol intake; model 
3: adjusted for model 2+coronary heart disease (atrial fibrillation only), diabetes (atrial fibrillation only), body mass index and antihypertensive 
medication. In the analysis of stroke, participants reporting coronary heart disease and diabetes at baseline were excluded.

Figure 2 Risk ratio with 95% CIs for self- reported atrial 
fibrillation by joint associations of self- reported leisure- time 
physical activity and endurance sport practice. Non- athletes: 
participants from Tromsø6; athletes: participants from the 
Birkebeiner Ageing Study. (A) Adjusted for age, body height, 
education, smoking status and frequency of alcohol intake. 
(B) Additionally adjusted for coronary heart disease, diabetes, 
body mass index and antihypertensive medication. Y- axis 
values are given on a logarithmic scale.
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Long-term endurance sport practice and risk of atrial 
fibrillation
Our results corroborate other findings reporting a high 
prevalence of AF among endurance athletes.10 19 AF 
prevalence in older male endurance athletes has previ-
ously been reported to be similar to that of the general 
population despite a lower overall risk of cardiovascular 
disease.10 20 Furthermore, Grimsmo et al19 reported an 
AF prevalence of 17% in another cohort of Birkebeiner 
skiers aged 26–64 years during 28–30 years follow- up. 
However, that study had a small sample and no reference 
population. In comparison to the general population, 
our study indicates that the cumulative prevalence of AF 
increases at a faster rate in the older athletic population.

The accumulating prevalence of AF in older male 
athletes is likely due to an elevated risk of AF associated with 
endurance sport practice as pointed out by the majority 
of the research literature.7 21 However, most studies are 
limited by small sample sizes with few AF cases resulting 
in a large degree of uncertainty for the estimated risk.22 
In a recent prospective study on middle- aged skiers, the 
AF risk increase associated with endurance sport practice 
was 11% for men.8 Considering that we observed a near 
twofold AF risk increase associated with endurance sport 
practice, our findings might suggest that the risk differ-
ence between athletes and the general population is 
magnified with age. The exercise- related cardiac remod-
elling claimed responsible for AF in athletes may require 
several years to manifest and be more pronounced in 
older athletes with prolonged exposure to exercise,23 and 
thus may explain a higher risk for athletes in the present 
study. This notion is further supported by a retrospective 

cohort study including Birkebeiner skiers, where the odds 
of AF increased by 16% per 10 years of regular endurance 
exercise, an increase that did not appear to plateau until 
the fourth decade of endurance training.20

Joint associations between endurance sport, physical activity 
and atrial fibrillation
Similar to several previous investigations, we observed 
a J- shaped association between levels of PA and AF.5 7 10 
The benefit of moderate amounts of PA was less clear in 
our study compared with others.5 7 24–26 Mozaffarian et al24 
reported a >50% lower AF risk with increasing levels of 
PA among 5446 individuals aged ≥65 years. In contrast, 
a study from the third Tromsø survey observed no associ-
ation between PA and AF in individuals aged >50 years.5 
The same age interaction was observed in the Physi-
cians Health Study, where no association between exer-
cise frequency and risk of AF was found for men aged 
>50 years27. Notably, Drca et al25 reported results similar to 
our study, indicating a 13% reduced risk of AF associated 
with walking/bicycling >1 hour per day in a cohort of 44 
410 men. Thus, based on our findings and others, the 
effect of moderate PA doses on AF risk appears beneficial 
in older adults.

Risk of stroke
We observed a considerably lower stroke prevalence 
among athletes than non- athletes. This difference corre-
sponds with but also supersedes previous results based 
on middle- aged endurance athletes.8 The athletes in 
the present study had a substantially lower prevalence of 
established risk factors for stroke such as hypertension, 
overweight, diabetes and CHD than the non- athletes, 
which suggests that the effect of endurance sport practice 
was largely but perhaps not solely mediated by its effect 
on these risk factors.8

Although our results alluded to a reduced risk of stroke 
among athletes, we observed a twofold increased stroke 
risk in athletes with AF compared with athletes without 
AF, indicating that AF increases the stroke risk also in 
athletes. Nevertheless, we also observed that the preva-
lence of stroke was nearly doubled in non- athletes with 
AF compared with athletes with AF, suggesting that AF is 
less serious in athletes. Furthermore, relative to athletes 
without AF, the estimated stroke risk was nearly fourfold 
in non- athletes with AF, further indicating that exercise 
mitigates the risk of stroke in patients with AF. Our results 
corroborate the findings of Svedberg et al,8 and extends 
this notion to older athletes. Collectively, these results 
suggest that exercise- related AF involves a lower risk of 
stroke than AF related to traditional cardiovascular risk 
factors.

Strengths and limitations
The main strength of the present study is the unique 
cohort of older Birkebeiner participants that should be 
considered representative of individuals exposed to long- 
term systematic endurance training. Nearly one- fourth of 

Figure 3 Risk ratio with 95% CI for self- reported stroke by 
joint associations of athlete status and participants reporting 
atrial fibrillation (AF) status during the study. Non- athletes: 
participants from Tromsø6; athletes: participants from 
the Birkebeiner Ageing Study. (A) Adjusted for age, body 
height, education, smoking status and frequency of alcohol 
intake. (B) Additionally adjusted for body mass index and 
antihypertensive medication. Participants reporting coronary 
heart disease and diabetes at baseline have been excluded. 
Y- axis is given on a logarithmic scale.
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athletes reported systematic endurance training for more 
than half a century, with the most experienced athlete 
reporting nearly seven decades of endurance training. 
Furthermore, including a reference group representa-
tive of the Norwegian population enabled us to indicate 
risk of AF and stroke relative to the general population. 
Another strength is that we had multiple covariates avail-
able for adjustment. However, most of these were self- 
reported and residual confounding due to incomplete 
adjustment in addition to unobserved factors cannot be 
excluded.

A sizeable number of participants did not attend 
follow- up, and a larger proportion of athletes than non- 
athletes responded to the follow- up assessment, likely 
causing overestimation of AF and stroke risk in athletes. 
We attempted to remedy this in a sensitivity analysis 
that included incident AF cases according to hospital- 
confirmed AF diagnoses which were available in the 
Tromsø Study. This resulted in a higher AF prevalence 
among non- athletes comparable to the older Norwegian 
population.28 Then again, this analysis may conversely 
underestimate AF risk in athletes as we could not account 
for those who did not attend follow- up in BiAS in the 
same manner. Furthermore, such a sensitivity analysis 
was not possible for stroke. Another limitation is that 
AF and stroke were self- reported. The sensitivity for self- 
reported AF and stroke is approximately 50%–70%29 30 
and 80% in the general population, respectively.31 More-
over, as athletes might possibly be more sensitive to 
symptoms related to arrhythmias, overestimation of AF 
risk compared with non- athletes may have occured.10 
However, it has also been suggested that AF in athletes 
can be less symptomatic.8 Unfortunately, comparable 
data about management such as oral anticoagulation 
therapy to prevent stroke and subtypes of AF were not 
available. Thus, we cannot exclude that relevant differ-
ences between the two groups in terms of treatment of AF 
could have affected the risk of stroke.

The somewhat shorter follow- up time in the refer-
ence population may have overestimated the relative 
risk of AF and stroke in BiAS participants, although 
a small portion of participants from BiAS only had 
follow- up from 2009–10 until 2014. Another limitation 
is that we used self- reported PA as a secondary expo-
sure. Questionnaire- based PA is prone to recall and 
social desirability bias,32 and therefore the effect of PA 
may have been underestimated.33 Consequently, the 
association between PA and risk of AF may have been 
biased towards the null.34 To mitigate the problem 
of missing participants at follow- up in addition to a 
somewhat limited sample of endurance athletes, we 
used RRs based on baseline prevalence in addition 
to incidence of outcomes at follow- up, enabling us to 
include all participants who gave an answer at one of 
the measurement points. This may increase the risk 
of reverse causation bias; however, as the main expo-
sure (endurance sport practice) largely preceded the 
baseline assessment for the majority of athletes, we 

assume that the concept of temporality was of limited 
concern. Finally, we are limited by the inclusion of 
men only, as several studies have observed an interac-
tion with gender in relation to the endurance sport 
practice and AF association.8 21

CONCLUSION
This prospective study substantiates previous research 
showing a high prevalence and an increased risk 
of AF in older men exposed to prolonged endur-
ance sport practice. Despite a higher risk of AF, we 
observed that endurance athletes had a lower risk of 
stroke than non- athletes, and we found further indi-
cations that athletes with AF may have a lower risk of 
stroke than non- athletes with AF. Further prospective 
studies should address underlying pathophysiological 
mechanisms for exercise- related AF and risk of stroke 
related to this entity of AF.
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The Birkebeiner Ageing Study and the Tromsø Study 

SUPPLEMENTARY MATERIAL 

 

Table S1.  

Baseline characteristics of participants from the Birkebeiner Ageing Study (athletes) according to those who 

attended follow-up in 2020 and those who did not. 
Baseline characteristics Attended follow-up 

(n=353) 

Did not attend 

follow-up in 2020 

(n=152) 

p-value 

Age 67 (65 – 71) 69 (66 – 73) <0.001 

Height (cm) 178 (175 – 182) 177 (173 – 182) 0.06 

Weight (kg) 75 (70 – 80) 75 (69 – 80) 0.64 

BMI (kg·m-2) 23.4 (22.2 – 24.7) 23.7 (22.5 – 24.9) 0.38 

 % (n) % (n)  

Education   <0.01 

 Primary/Secondary school 12.3 (43) 26.7 (40)  

 High School 43.4 (152) 39.3 (59)  

 College/University 44.3 (155) 34.0 (51)  

Smoking status   0.15 

 Current 0.6 (2) 1.3 (2)  

 Former 35.5 (125) 43.4 (66)  

 Never 63.9 (225) 55.3 (84)  

Frequency of alcohol 

consumption 

  0.34 

 Never 9.1 (31) 10.3 (15)  

 1-4 times per month 74.3 (254) 69.9 (102)  

 2-3 times a week 13.2 (45) 17.8 (26)  

 4 times or more per week 3.5 (12) 2.1 (3)  

Coronary heart disease 3.4 (12) 4.0 (6) 0.75 

Previous stroke 2.0 (7) 0.7 (1) 0.27 

Atrial fibrillation 14.2 (50) 12.7 (19) 0.65 

Diabetes 0.6 (2) 1.3 (2) 0.38 

Currently or previously on 

antihypertensive medication 

14.0 (47) 19.9 (29) 0.10 

Self-reported physical activity   0.20 

 Sedentary 0.3 (1) 0.0 (0)  

 Light 8.1 (28) 13.8 (20)  

 Moderate 51.0 (177) 51.0 (74)  

 Vigorous  40.6 (141) 35.2 (51)  

Values are presented as median (25th and 75th percentile) for continuous variables and as percentages for categorical variables. 
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Table S2. 

Baseline characteristics in the Tromsø Study (Tromsø6) (non-athletes) according to those who attended follow-

up and those who did not. 
Baseline characteristics Attended follow-up 

(n = 1033) 

Did not attend follow-up 

(n = 834) 

p-value 

Age 69 (66 – 73) 73 (68 – 78) <0.01 

Height (cm) 175 (170.6 – 179.2) 174.1 (169.6 – 178.3) <0.01 

Weight (kg) 81.9 (74.4 – 90.7) 79.9 (71.9 – 89.0) <0.01 

BMI (kg·m-2) 26.9 (24.6 – 29.2) 26.5 (24.2 – 29.2)  

 % (n) % (n)  

Education   <0.01 

 Primary/Secondary school 27.8 (280) 45.5 (366)  

 High School 38.6 (389) 32.3 (260)  

 College/University 33.6 (339) 22.2 (179)  

Smoking status   <0.01 

 Current 11.9 (121) 20.0 (160)  

 Former 60.7 (618) 60.6 (485)  

 Never 27.5 (280) 19.5 (156)  

Frequency of alcohol consumption   <0.01 

 Never 10.4 (106) 18.9 (153)  

 1-4 times per month 65.9 (670) 61.8 (499)  

 2-3 times a week 16.5 (168) 14.4 (116)  

 4 times or more per week 7.2 (73) 5.0 (40)  

Coronary heart disease 18.7 (190) 31.3 (254) <0.01 

Previous stroke 5.3 (53) 9.2 (73) <0.01 

Atrial fibrillation 9.7 (96) 15.6 (15.6) <0.01 

Diabetes 6.1 (62) 11.5 (92) <0.01 

Currently or previously on 

antihypertensive medication 

35.4 (356) 46.8 (373) <0.01 

Self-reported physical activity   <0.01 

 Sedentary 14.6 (136) 25.8 (178)  

 Light 57.9 (540) 58.2 (401)  

 Moderate 26.6 (248) 15.5 (107)  

 Vigorous  1.0 (9) 0.4 (3)  

Values are presented as median (25th and 75th percentile) for continuous variables and as percentages for categorical variables. 
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Figure S1. 

Simplified directed acyclic graph depicting the total effect model (model 2). Green node with “►” illustrates 

exposures. Blue node with “I” illustrates outcomes. White nodes illustrate covariates that have been conditioned 

on. Blue nodes indicate descendant of the exposure and ancestor of the outcome. Black arcs depict blocked 

pathways, green arcs indicate causal pathways. BMI: Body mass index, CHD: Coronary heart disease. 

 

 

Figure S2. 

Simplified directed acyclic graph depicting the direct effect model (model 3). Green node with “►” illustrates 

exposures. Blue node with “I” illustrates outcomes. White nodes illustrate covariates that have been conditioned 

on. Black arcs depict blocked pathways, green arcs indicate causal pathways. BMI: Body mass index, CHD: 

Coronary heart disease. 

 

 

Figure S3. 

Simplified directed acyclic graph depicting body mass index, blood pressure, diabetes and coronary heart disease 

as potential sources of confounding bias in model 2. Green node with “►” illustrates exposures. Blue node with 

“I” illustrates outcomes. White nodes illustrate covariates that have been conditioned on. Red nodes indicate 

ancestor of exposure and outcome variables. Red arcs depict biasing pathways, black arcs depict blocked 

pathways, green arcs indicate causal pathways. BMI: Body mass index, CHD: Coronary heart disease. 

 

 

Figure S4.  

Directed acyclic graph depicting unmeasured variables (gray nodes) that are potential sources of residual 

confounding bias in model 3. Green node with “►” illustrates exposures. Blue node with “I” illustrates 
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outcomes. White nodes illustrate covariates that have been conditioned on. Gray nodes indicate unobserved 

variables. Red arcs depict biasing pathways, black arcs depict blocked pathways, green arcs indicate causal 

pathways. BMI: Body mass index, CHD: Coronary heart disease. Note that when Atrial fibrillation is applied as 

an exposure, anticoagulant treatment becomes an ancestor of an exposure and an outcome, and as such is also a 

potential source of residual confounding bias. 

 

Table S3. 

Risk ratio with 95% confidence interval for atrial fibrillation after inclusion of hospital registry confirmed 

diagnoses in non-athletes who did not attend follow-up.  
Exposure n Number of cases n (%) Model 1 Model 2 Model 3 

Non-athletes 1864 480 (25.8) 1 Reference 1 Reference 1 Reference 

Athletes 505 145 (28.7) 1.24 (1.06 – 1.46) 1.15 (0.96 – 1.37) 1.52 (1.24 – 1.88) 

Model 1: Adjusted for age. Model 2: Adjusted model 1 + body height, education, smoking and frequency of alcohol intake. Model 3: 

Adjusted for model 2 + coronary heart disease, diabetes, body mass index, and antihypertensive medication. 

 

 

Table S4. 

Risk ratio with 95% confidence interval for atrial fibrillation after exclusion of participants reporting overweight, 

use of antihypertensives, smoking, coronary heart disease and diabetes. 
Exposure n Number of cases n (%) Risk ratio (95% CI) 

Non-athletes 256 33 (12.9) 1 Reference 

Athletes 328 82 (25.0) 1.63 (1.06 – 2.51) 

CI: Confidence interval. Adjusted for age, body height, education, previous smoker, and frequency of alcohol intake. 

 

Table S5. 

Risk ratio with 95% confidence intervals for atrial fibrillation and stroke in participants aged ≤75 years. 
Exposure n Number of cases n (%) Model 1 Model 2 Model 3 

Atrial fibrillation      

 Non-athletes 1387 238 (17.2) 1 Reference 1 Reference 1 Reference 

 Athletes 469 137 (29.2) 1.72 (1.43 – 2.06) 1.47 (1.20 – 1.80) 1.98 (1.54 – 2.55) 

Stroke 

 Non-Athletes 1041 91 (8.7) 1 Reference 1 Reference 1 Reference 

 Athletes 443 21 (4.7) 0.55 (0.35 – 0.87) 0.62 (0.38 – 1.02) 0.73 (0.43 – 1.23) 

Model 1: Adjusted for age, Model 2: Additionally adjusted for body height, education, smoking status and frequency of alcohol intake, 

Model 3: Adjusted for model 2 + coronary heart disease (AF only), diabetes (AF only), body mass index, and antihypertensive medication. 

For analysis of stroke participants, those reporting coronary heart disease and diabetes at baseline have been excluded. 

 

Table S6. 

Risk ratio with 95% confidence interval for stroke with coronary heart disease and diabetes participants 

included.  
Exposure n Number of cases n (%) Model 1 Model 2 Model 3 

Non-athletes 1829 183 (10.0) 1 Reference 1 Reference 1 Reference 

Athletes 498 28 (5.6) 0.60 (0.41 – 0.89) 0.69 (0.45 – 1.04) 0.83 (0.53 – 1.30) 

Model 1: Age adjusted, Model 2: Additionally adjusted for body height, education, smoking status and frequency of alcohol intake, Model 3: 

Adjusted for model 2 + coronary heart disease, diabetes, body mass index, and antihypertensive medication. 
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