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Aims A J-shaped relationship between exercise and atrial fibrillation (AF) or atrial flutter (AFL) has been described, but
the influence of specific sport disciplines is unknown.

Purpose To examine the relationship between endurance exercise and AF/AFL prevalence in middle-aged men.

Methods We analysed questionnaire data from 3939 candidates for the Master@Heart study, assessing self-reported ex-

and results ercise history, cardiovascular risk factors and history of AF/AFL. Participants were divided into quartiles of life-

time endurance exercise hours: Q1<1778, Q2 1779-5977, Q3 5978-12231, and Q4>12231h.
Multivariable logistic regression was performed to assess the relationship between exercise volume and type
and AF/AFL. AF/AFL prevalence was 7.5% and increased significantly across lifetime exercise quartiles
(4.8%, 7.6%, 8.0%, and 9.6% from Q1 to Q4; P < 0.001). Adjusting for age, height, and traditional risk factors,
Q2—Q4 had significantly higher odds ratios of AF/AFL compared to Q1, with the largest effect for Q4 (OR
2.16, 95% CI [1.48-3.15], P <0.001). As sport, only cycling was independently associated with AF/AFL (OR
1.51[1.11-2.07], P=0.010).

Conclusion In middle-aged males, greater lifetime endurance exercise volume (>1778 h) was associated with progressively
increased odds ratios of AF/AFL, with the greatest risk in the highest quartile (>12 231 h), independent of trad-
itional risk factors. Cycling specifically was associated with AF/AFL. These findings support existing evidence
that high-volume endurance exercise may increase AF/AFL risk, even in traditionally low-risk individuals, and
furthermore suggest a possible sports-specific effect.
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In this study we analysed questionnaire data from a large cohort of 3939 middle-aged males. We show that

Lay summary

greater amounts of lifetime endurance exercise (more than 1779 h) were linked to a higher chance of having

atrial fibrillation, an irregular heart rhythm that can cause palpitations or fatigue as well as stroke. Cycling in par-

ticular was linked to a higher chance of atrial fibrillation.

o Middle-aged men accumulating greater amounts of lifetime endurance exercise are more likely to report atrial fib-
rillation than those having exercise less than 1779 h, even after accounting for other risk factors of atrial fibrillation
such as age, height, body weight, smoking, alcohol use, and medication.

o When different sports were compared, cycling was the only endurance sport clearly linked to atrial fibrillation; run-

ning and swimming were not.
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Introduction

While the overall health benefits of regular endurance exercise are
well established, emerging evidence suggests a potential associ-
ation between high volume, high intensity endurance training and
an increased risk of atrial fibrillation (AF). This relationship appears
to be complex and non-linear: Moderate levels of physical activity

are associated with a reduced risk of AF, whereas very high volumes
of strenuous endurance exercise may confer an elevated risk,* =%
giving rise to the hypothesis of a J-shaped relationship between ex-
ercise volume and AF incidence. Although limited, evidence sug-
gests a similar association for atrial flutter (AFL).>

The mechanisms underlying this relationship remain incom-
pletely understood. It is plausible that moderate exercise
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reduces AF/AFL risk by favourably impacting traditional risk fac-
tors, including blood pressure, body weight, and glycaemic con-
trol.° Conversely, high training loads may promote AF/AFL
through mechanisms including biatrial structural remodelling, al-
terations in autonomic balance, and systemic inflammation.”~°

The hypothetical J-shaped relationship between endurance
exercise and AF/AFL risk remains poorly defined at the level
of the individual athlete. It is unclear to what extent the inflec-
tion point of the association curve is modified by exercise vol-
ume, sports discipline, and traditional cardiovascular risk
factors. Adequately powered studies across different levels
and disciplines of endurance sport are needed to guide future
recommendations for athletes.

Our current analysis aims to evaluate the association between
endurance exercise and AF/AFL history in a large cohort of
middle-aged men using prospectively collected self-reported
data.

Methods
Study population

This study presents a cross-sectional analysis of questionnaire data
collected during the screening stage of the Master@Heart study. A
detailed study design of Master@Heart has been published previ-
ously.?® Recruitment took place between October 2018 and May
2022 through a large-scale campaign using traditional media (e.g.
television broadcasts) as well as social media platforms.
Recruitment materials included content referring to the effects of
endurance exercise on the heart, as well as materials specifically tar-
geting non-athletic individuals, without reference to sports partici-
pation (i.e. healthy, non-smoking, non-obese men aged >45 years).
The final inclusion and exclusion criteria were not disclosed at this
stage. In all materials, the study purpose was presented as focusing
on coronary artery disease. Individuals interested in participating
were directed to a dedicated web portal (www.masteratheart.be),
where they completed a predefined online screening questionnaire.
The study protocol was approved by the local Ethics Committee
(trial registration number S61336) and all participants provided writ-
ten informed consent.

Data collection

Participants completed an online questionnaire (www.
masteratheart.be) that collected demographic data (gender, age,
weight, body height), cardiovascular risk factors (smoking status,
medication use, known cardiovascular conditions), and detailed ex-
ercise history. The complete questionnaire is provided in
Supplementary File S1.

Endurance exercise definition

Participants were asked whether they engaged in weekly sports ac-
tivities and, if so, to report the average number of hours per week
per sport: a predefined list of 22 options (see Supplementary
Material) was provided, including both endurance and
non-endurance disciplines. For duathlon and triathlon, hours for
each component (running, cycling, swimming) were recorded
separately.

Endurance sports were defined as cycling, running, swimming,
rowing, duathlon, and triathlon. Total weekly hours of endurance
exercise were calculated by summing the reported hours across all
these sports. Lifetime exercise hours were calculated by multiplying
reported weekly hours by the number of years of participation.
Total lifetime endurance exercise exposure was then obtained by
summing the lifetime hours across cycling, running, swimming and
rowing. Participants were categorized into equal quartiles based
on lifetime exercise hours. Quartile 1 included <1778 h; Quartile
2 included >1778 to <5977 h; Quartile 3 included >5977 to <12

231 h; and Quartile 4 included >12 231 h. Participants were consid-
ered active in a given sport if they reported >1 h per week.

Outcome definition

The primary outcome was self-reported history of AF and/or AFL,
as indicated on the questionnaire.

Statistical analysis
Normality was tested using the Shapiro-Wilk test. Continuous vari-
ables are presented as mean (+ standard deviation) or as median
[25th-75th percentiles] and categorical variables as number (per-
centage). Between-group differences in continuous variables were
assessed using independent t-test/ ANOVA or Mann-Whitney U/
Kruskal-Wallis test as appropriate. Dichotomous variables were
compared using a chi-squared or Fisher’s exact test as appropriate.

Multivariable logistic regression models were constructed to
evaluate the relationship of exercise volume and sports discipline
with AF/AFL. Covariates were selected a priori based on clinical
relevance and included age, body height, weight, smoking status, al-
cohol consumption, coronary artery disease, and use of antihyper-
tensive, lipid-lowering, and antidiabetic medications. All covariates
were entered simultaneously using the Enter method. Collinearity
statistics were performed and found adequate at a VIF < 5. For
the exercise volume model, the bottom quartile was chosen as the
reference group. An additional logistic regression model was con-
structed including lifetime exercise hours as a continuous variable.
To explore potential non-linear relationships, penalized smoothing
splines with REML were applied to minimize overfitting. A sensitiv-
ity analysis excluding participants with weekly exercise volumes
>20 h/week was conducted to rule out potential skewing of results
by outliers.

A two-tailed P-value <0.05 was considered statistically signifi-
cant. Data was analysed using SPSS Statistics version 29 (IBM
Corporation, Armonk, NY, USA).

Results

Baseline characteristics by AF/AFL history

Of the 3939 completed questionnaires, 296 participants (7.5%)
reported a history of AF/AFL. Participants with AF/AFL were
significantly older than the group without AF/AFL (59 [53-65]
vs. 55 [49-61] years, P <0.001) and were slightly heavier (78
[73-85] vs. 77 [72-84] kg, P=0.029). The AF/AFL group in-
cluded more current or past smokers than the non-AF/AFL
group (42% vs. 35%, P=0.008) and also more frequently re-
ported known coronary artery disease (11% vs. 4%, P < 0.001).

Use of medication for diabetes (4% vs. 1%, P = 0.002), hyper-
tension (16% vs. 9%, P < 0.001) and dyslipidaemia (27% vs. 13%,
P <0.001) was more common among those with AF/AFL.
Weekly endurance exercise volume was numerically higher in
the AF/AFL group (8 [4-11] vs. 6 [3-10] h/week), though the
difference did not reach statistical significance (P =0.076). The
AF/AFL group accumulated more lifetime exercise hours
(7318 [3694-15 653] vs. 5809 [1666-12061] h, P < 0.001).

No significant differences were observed in reported height
or alcohol consumption between groups.

Sport type distribution also differed between groups: partici-
pants with AF/AFL were more likely to be cyclists (72% vs. 62%,
P <0.001) and less likely to be runners (40% vs. 47%, P = 0.013),
while the proportion of swimmers was comparable (16% in both
groups, P = 0.943). Due to the small number of rowers, separate
analysis of this subgroup was not feasible. Finally, 12% of parti-
cipants with AF/AFL reported no regular endurance training,
compared to 14% of those without AF/AFL (P =0.253).
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Table 1 Baseline characteristics by AF/AFL history

History of AF/AFL No history of AF/AFL P value
(n=296) (n=3643)

Age (years) 59 [53-65] 55 [49-61] <0.001
Body height (cm) 179 [175-183] 178 [174-183] 0.063
Weight (kg) 78 [73-85] 77 [72-84] 0.029
Alcohol consumption (units per week) 5[3-8] 5[2-8] 0.067
Current or past smoker—n (%) 125 (42) 1261 (35) 0.008
Coronary artery disease—n (%) 32(11) 139 (4) <0.001
Drugs
¢ Antidiabetic—n (%) 11 (4) 45 (1) 0.002
e Antihypertensive—n (%) 46 (16) 328 (9) <0.001
e Lipid-lowering—n (%) 79 (27) 488 (13) <0.001
Endurance exercise
e Lifetime exercise (hrs) 7318 [3694-15 653] 5809 [1666-12061] <0.001
o Weekly exercise (hrs) 8 [4-11] 6 [3-10] 0.076
e Cycling—n (%) 212 (72) 2244 (62) <0.001
e Running—n (%) 118 (40) 1726 (47) 0.013
e Swimming—n (%) 48 (16) 585 (16) 0.943
e Rowing—n (%) 1(0) 32 (1) 0.511
e No Regular Endurance Exercise—n (%) 34 (12) 505 (14) 0.253

Data presented as mean + standard deviation, median [25th percentile—75th percentile] or number (%). Abbreviations—AF: atrial fibrillation, AFL: atrial flutter

Baseline population characteristics by AF/AFL history are
summarized in Table 1.

Baseline characteristics by lifetime exercise
volume

Participants were divided into quartiles according to total life-
time endurance exercise hours: Q1 (n=985), Q2 (n=985), Q3
(n=984), and Q4 (n =985).

Participants in the highest quartile were significantly older
than those in each of the other quartiles. Weight decreased pro-
gressively from Q1 to Q4, with the highest quartile having the
lowest mean weight. Height did not differ significantly between
groups. The proportion of current or past smokers also de-
creased progressively across quartiles of lifetime exercise hours,
with Q4 having the lowest prevalence. Weekly alcohol con-
sumption was lower in Q4, though pairwise comparisons were
non-significant. The use of antidiabetic, antihypertensive and
lipid-lowering medication was similar across quartiles.

Sports type varied significantly across exercise volume quar-
tiles. Both lifetime and weekly exercise hours increased with
each quartile. The proportion of cyclists increased progressively
from Q1 to Q4, with 93% of participants in Q4 reporting cycling.
A similar increasing trend across quartiles was observed for swim-
ming, with 25% of Q4 reporting swimming. In contrast, running
participation peaked in Q2 and Q3 (57% in both quartiles) and
was lower in Q1 and Q4. Rowing participation was minimal and
did not differ significantly. 55% of participants in Q1 did not en-
gage in endurance exercise on a regular basis.

Table 2 lists the population characteristics by self-reported
weekly endurance exercise training. Figure 1 shows the distribu-
tion of weekly exercise hours for each endurance sport
category.

Relationship between endurance exercise
volume and AF/AFL

Unadjusted AF/AFL prevalence increased across lifetime exer-
cise quartiles: 4.8% in Q1, 7.6% in Q2, 8.0% in Q3 and 9.6% in
Q4 (P <0.001), with Q3 and Q4 significantly higher compared
to the bottom quartile.

In a logistic regression model adjusting for age, height, weight,
smoking, alcohol consumption, and use of antidiabetic, antihy-
pertensive, and lipid-lowering medication, lifetime exercise
hours remained independently associated with AF/AFL preva-
lence. Compared with the lowest quartile, the odds ratio of
AF/AFL was higher in Q2 (OR 1.86, 95% Cl [1.26-2.73], P=
0.002), Q3 (OR 1.90, 95% CI [1.29-2.78], P=0.001), and Q4
(OR 2.16, 95% Cl [1.48-3.15], P < 0.001).

In an additional model with the same covariates, lifetime
hours of endurance exercise (per 1000 h) remained independ-
ently associated with AF/AFL prevalence; analysed continuous-
ly, each additional 1000 h of lifetime endurance exercise was
associated with a 2% higher odds ratio of AF/AFL (OR 1.02,
95% Cl [1.01-1.03], P =0.002).

Further exploratory analysis using penalized smoothing
splines did not reveal a non-linear relationship between lifetime
exercise hours and AF/AFL, and there was no significant risk re-
duction at lower lifetime exercise volumes.

Figure 2 shows unadjusted AF/AFL prevalence across lifetime
exercise quartiles. Adjusted odds ratios from multivariable logis-
tic regression are presented in Table 3 and Figure 3.

In a multivariable logistic regression model including cycling,
running, and swimming and adjusted for the same set of risk fac-
tors as well as total lifetime exercise hours, only cycling was sig-
nificantly associated with a history of AF/AFL (adjusted OR 1.51
[1.11-2.07], P=0.010). Figure 4 shows adjusted odds ratios
from multivariable logistic regression. A model including sports

920z AInr 91 uo Jasn Ausiaaiun yesseH Aq 6£01698/6806e900/c/9/810118/usdolya/woo dno-olwapeoe//:sdiy Woll papEojuMO(]



Downloaded from https://academic.oup.com/ehjopen/article/6/3/0eag089/8691039 by Hasselt University user on 16 July 2026

*90USIBHIP JuedYIUSIS OU 3)edIpul S19133| Swes ‘paijdde UoI3d3II0D [UOLIBJUOY YHM (GO'0 > d) S9OUILIP
asimiied Juedyiusis ajedipul (p ‘2 ‘g ‘e) SI9339] JuUBJaYIQ "JeNNY [BLIIE 1Y ‘UONHE||LIqY [eLi}e 4y —SUOIeIARIAY (%) Jaquinu Jo [3]i3uadiad YyiG/—ajipuadiad YyiGz] Uelpaw ‘UOIJEIASP piepue)s F Ueaw se pajuasald ejeq

ddle-aged males

in mi

th atrial arrhythmia prevalence

ne wi

Association of self-reported sports volume and discipl

100°0> 4000 q(0) 0 400 (L 7S) 6€S (%) u—as1d19x3 dueINpUT JEINSDY ON e
T61°0 €1 et (60) 6 (s0)s (9°0)9 (%) u—3uimoy e
100°0> J(1'S2) LT L(702) 102 «8YT) 9vT (0) 6€ (%) u—SulwImS «
1000> (CTy) 9T¥ q(£'9S) 85§ 4(6'95) 095 (S'TE) OTE (%) u—8uuuny e
100°0> pl"€6) 026 -(092) 8¥L (7’29 519 (9°LT)ELT (%) U—3UIPAD o
1000> p[rT-0T] 2T ,[0T-6]8 ql8-€19 [€-0]0 (sdy) 3s1o1axa APjoapn e
100°0> p[86€ ¥2-£60GT] ¥16 8T LlLLT 0T-TTL] 6618 q[T0L¥-90£2] T£9€ [£98-01 0 (SU)ENRIDCIEIN X I
9S12J9Xa 2ouelnpuly
1000 q(9'6) G6 4(0'8) 6£ qel9°2) SL e(8) LY (%) u—14v/4V 0 AloisiH
6450 (6¥T) L¥T (eeT) 1ET (0¥T) 8T (€'ST) TST (%) u—3uiamol-pidi e
1810 (0'8) 6£ (s'oT) €01 (0'6) 68 (s'oT) €01 (%) u—anisuspiadAynuy e
6v1°0 1) v TTniT (oT)ot (te)1e (%) u—dnadgelppuy e
s3niQq
9€5°0 (S¥) vv (9°¢) g€ (S¥) v¥ (6'v) 8y (%) u—aseasip Aiapie Aleuolo)d
000 4(€'T€) 80€ qel6°€E) PEE e(T°2€) 59€ «(6'8€) 6£€ (%) u—J2xjouws 3sed Jo Juain)
8700 lL-C1 ¥ [8-2] S [8-2]1 g 8-2] S (29m Jad s31un) uondwinsuod [0Yod|y
100°0> -[18-0£] 6 qles-T1s1 92 qls8-2/] 8L e[88-€£] 18 (33) 3yB1PM
€10 [esT-t/1]18LT [e8T-¥/T] 641 [e8T-¥/T]1 64T [e8T-¥/T]1841T (wo) ysiay Apog
100°0> LI€9-15] £S ql19-6v] 6 [09-87] ¥S qel19-6¥] ¥S (sleah) a3y
(586 =u) (¥86 =u) (586 =u) (586 =u)
anjea d 140) €D I4e] 10

2insodxa 3sI213Xa ddueINpUD Aq SoiIsLId)OeIRYD duljeseg 7 3]qel



De Paepe et al.

Cycling

1500
Il

400 )

7/

300

2007

100

Number of participants

0—
0 5 10 15 20 25 30
Woeekly training hours

Swimming

3400
|1

~
400 »
300
200

100

Number of participants

0- T T
0o I 2 3 4 5 6 7 8 9 10

Woeekly training hours

Running

2I00‘I
N

500 )

7/

400
3007
2007

Number of participants

1007

0- T T T 1
0 5 10 15 20 25 30

Weekly training hours

Rowing

34000_I
8 4
% “
i
g. 20
Y
o
®
) 10
£
=]
4

0= — T

0o I 2 3 4 5 6 7 8 9 10

Weekly training hours

Figure 1 Distribution of weekly endurance exercise hours. Panel (A), (B), (C), and (D) show the distribution of exercise hours per week for
cycling, running, swimming and rowing respectively of participants who filled in the screening questionnaire.

disciplines continuously (lifetime hours per sport) yielded similar
results (see Supplementary File $2).

A sensitivity analysis excluding participants reporting extreme
endurance volumes (>20 h/week) yielded similar results (see
Supplementary File S3).

Discussion

In this large cohort of middle-aged men, we observed a progres-
sive increase in the prevalence of AF/AFL with higher volumes
of lifetime endurance exercise. After adjusting for traditional
risk factors, individuals in quartiles 2-4 (>1778 lifetime hours of
exercise) had significantly higher odds ratios of reporting AF/
AFL compared with the bottom quartile. Furthermore, our results
indicate a further risk increase with even greater cumulative exer-
cise exposure, with the largest effect seen in the 4th quartile. As a
novel result, further analysis revealed a sport-specific pattern with
cycling, but not running or swimming, being associated with in-
creased AF/AFL risk. These findings suggest that both the volume
and nature of the endurance activity, should be considered when
evaluating arrhythmic risk in athletes.

Impact of endurance exercise volume in a
low-risk population

Our main finding is a positive association between AF/AFL his-
tory and lifetime exercise volume in this cohort of healthy
middle-aged males. Participants with AF/AFL had greater life-
time endurance exposure and AF/AFL prevalence increased
across quartiles of lifetime exercise hours. Although partly ex-
plained by older age in those with AF/AFL, there was also a
trend towards higher weekly exercise hours in those with AF/
AFL. Adjusted for traditional cardiovascular risk factors, quar-
tiles 2 through 4 of lifetime exercise hours exhibited a higher
likelihood of reporting a history of AF/AFL compared to the bot-
tom quartile (1778 h). The top quartile (>12 231 h) showed a
2.1-fold higher likelihood of AF/AFL.

Consistent with current literature, our findings indicate that
greater cumulative lifetime endurance exercise exposure is as-
sociated with increased AF/AFL risk.>*? Prior case-control stud-
ies evaluating total lifetime exercise exposure have proposed
similar potential thresholds for AF and AFL risk. Calvo et al. iden-
tified 2000 lifetime hours as a threshold above which AF risk in-
creased, while Elosua et al. reported a comparable threshold
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around 1500 h.>*® Consistently, the lower cut-off for Q2 in
our cohort was 1778 lifetime hours, with Q2 showing a 1.8-
fold higher likelihood of AF. Notably, whereas both prior
studies suggested a plateau in AF occurrence beyond their pro-
posed thresholds, AF/AFL risk in our cohort continued to in-
crease with greater accumulated exercise exposure, reaching
a 2.1-fold higher likelihood in Q4 (median 18 944 lifetime
hours). This further increase in risk is likely a direct cause of
the substantially broader exposure range captured in our popu-
lation. Similarly, a prior Norwegian study found a progressive
increase in both AF and AFL risk with increasing exercise ex-
posure, with individuals accumulating approximately 1560 ex-
ercise hours over 20 years exhibiting a significantly higher
prevalence of AF.°

While Calvo et al. reported a protective effect of lower
exercise volumes (<2000 h) compared with truly sedentary in-
dividuals, neither our analysis nor that of Elosua et al demon-
strated a significant risk reduction at lower cumulative
exposure levels. In our cohort, this may reflect a degree of se-
lection bias towards more active participants, despite efforts to
include truly sedentary individuals.
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Figure 2 Prevalence of self-reported AF/AFL history by life-
time exercise hours quartile. Asterisk (*) indicates statistical sig-
nificance based on chi-squared test with Bonferroni-adjusted
post-hoc analysis.

Considering the above, it seems unlikely that the relationship
between AF/AFL and cumulative exercise exposure is governed
by a universal threshold but rather characterized by strong inter-
individual variation.??> Nevertheless, it appears that a certain
cumulative training load is required to promote AF/AFL devel-
opment. Volume (i.e. lifetime hours) may be more important
than intensity in this regard, as our group recently demonstrated
cardiac remodelling in athletes to be driven predominantly by
training duration rather than intensity.*

One potential explanation for the lack of protective effect at
moderate exercise amounts in our cohort, is the relatively low
burden of cardiovascular risk factors in our cohort. For example,
the ongoing CARDIA study reported a mean BMI of 29 kg/m?
and 9% diabetes prevalence, compared to 24 kg/m? and 1%
treated for diabetes in our cohort.'® As the protective effect
of physical activity against AF is thought to be mediated through
its beneficial impact on traditional cardiovascular risk factors,
the relative absence of these factors in our cohort may have
masked the initial protective slope of the J-curve, potentially re-
vealing a more direct effect of exercise volume itself. As a se-
cond explanation, exercise may already convey cardiovascular
benefits at relatively low, guideline-recommended levels of

Q4 vs Q1

[ ]

[ ]

Q3 vs Q1

[ ]

Q2 vs Q1- ) |

Lifetime exercise hours

Quartile 1+ [

T T T 1
1 1.5 2 25 3 35

Odds ratio for AF/AFL

Figure 3 Relationship between lifetime exercise hours and
AF/AFL. Odds ratios (OR) and 95% confidence intervals (Cl)
for atrial fibrillation by lifetime exercise hours quartile. ORs
and 95% Cls are derived from a multivariable logistic regression
model with Q1 as reference group and adjusted for age, body
height, weight, smoking status, alcohol consumption, coronary
artery disease, and use of antidiabetic, antihypertensive, and
lipid-lowering medication. Abbreviations - AF: atrial fibrilla-
tion, AFL: atrial flutter.

Table 3 Logistic regression analysis of AF/AFL according to quartiles of lifetime endurance exercise hours

Univariable model

OR [95% Cl]
Quartile 1 —
Quartile 2 1.64 [1.13-2.40]
Quartile 3 1.74 [1.20-2.53]
Quartile 4 2.13 [1.48-3.06]

0.009
0.003
<0.001

Multivariable model*

OR [95% Cl] P value
1.86 [1.26-2.73] 0.002
1.90 [1.29-2.78] 0.001
2.16 [1.48-3.15] <0.001

Quartile 1 as reference. OR: odds ratio, Cl: confidence interval. * Multivariable model adjusted for age, body height, weight, smoking, alcohol consumption, coronary
artery disease, and use of antidiabetic, antihypertensive, and lipid-lowering medication.
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Figure 4 Relationship between sports discipline and atrial fib-
rillation/atrial flutter. Odds ratios (OR) and 95% confidence in-
tervals (Cl) for atrial fibrillation by sports discipline. ORs and
95% Cls are derived from a multivariable logistic regression
model adjusted for lifetime exercise hours, age, body height,
weight, smoking status, alcohol consumption, coronary artery
disease, and use of antidiabetic, antihypertensive, and
lipid-lowering medication. Abbreviations - AF: atrial fibrilla-
tion, AFL: atrial flutter.

physical activity.**¢ The study questionnaire focused on struc-
tured endurance exercise and did not capture low-intensity
physical activity such as brisk walking, commuting or occupa-
tional tasks. This highlights the importance of accurate and com-
prehensive assessment of physical activity in future prospective
studies.

An important consideration is the observed prevalence of re-
ported AF/AFL history in our cohort, ranging from 4.8% in the
bottom quartile to 9.6% in the top quartile. Whilst these preva-
lences align with existing literature on AF in athletes—reporting
between 0.3% and 28.5%'”2°—the 4.8% prevalence observed
even in the bottom quartile appears relatively high. These dis-
parities are likely predominantly driven by age; e.g. Johansen
et al. reported an AF prevalence of 28.6% among skiers with a
median age of 68 years compared to 55 years in our cohort.
Furthermore, a degree of recruitment bias is inherent to
self-referred questionnaire data. Individuals with a history of at-
rial arrhythmia may have been more interested in the
Master@Heart study in view of the study goals. Other potential
explanations include residual effects of prior unreported exer-
cise exposure, and lack of ECG confirmation (i.e. participants
may have incorrectly labelled other types of palpitations or ar-
rhythmias as ‘AF’ or ‘AFL’).

Impact of endurance sport type on AF/AFL
risk
Beyond cumulative exercise exposure, this cohort of cyclists,
runners and swimmers offers new insights into the potential im-
pact of these specific sports disciplines on AF/AFL risk. Given
the high popularity of cycling in the Flemish region where the
study was conducted, cyclists were particularly well repre-
sented. This demographic context enabled us to explore the po-
tential influence of this sport type on AF/AFL risk in greater
detail.

The phenotype and extent of cardiac adaptation vary across
exercise modalities. Cycling in particular appears to be

associated with profound remodelling, with greater left ven-
tricular cavity dimensions compared with runners or rowers
for example.2222 Similarly, cycling has been identified as a major
determinant of left atrial enlargement, although direct compar-
isons to other endurance sports are lacking.!” While greater
average training volumes in cyclists, also evident in our cohort,
may partly explain these differences, sport-specific mechanisms
likely contribute. Cycling combines high dynamic and moderate
static components, as opposed to running which is predomin-
antly dynamic. Sustained isometric upper body strain during
cycling has been hypothesized to increase cardiac pressure
load, potentially augmenting cardiac remodelling.®

In our cohort of cyclists, runners, and swimmers, individuals
with AF/AFL were more frequently cyclists and less frequently
runners whereas swimmers were similarly represented.
Notably, after adjustment for traditional risk factors and cumu-
lative exercise volume, cycling remained independently asso-
ciated with AF/AFL. Although cycling, running, and swimming
have individually been associated with an increased risk of AF
or AFL, direct comparisons between different sport types are
rare.202425> Several studies have demonstrated an increased
AF prevalence among runners, including the landmark study
by Karjalainen et al.?>~?” Evidence among swimmers is limited,
but one study reported a higher AF prevalence among
swimmers with a median age of 73 years compared with an
age-matched control group.?® Notably, Aizer et al. reported no
increased AF risk among recreational cyclists. However, the
mean weekly exercise exposure in that cohort (108 min) may
have been insufficient to increase AF risk.® In contrast, partici-
pants with AF in our study reported a median of 8 h of exercise
per week.

Taken together, our findings suggest that among high-volume
endurance athletes, cycling in particular is associated with AF/
AFL independent of training volume, supporting that
sport-specific loading characteristics may contribute to AF risk
beyond cumulative exercise volume. While direct comparisons
are lacking, many prior studies demonstrating an increased AF
risk in athletes have focused on cohorts of cross-country
skiers.>1227:39 | this context it is interesting to consider the
parallels between cycling and skiing, as both disciplines combine
prolonged endurance exercise with a moderate to high static
upper-body component.?®3! Besides greater structural cardiac
remodelling, this may confer a greater predisposition to atrial ar-
rhythmias. Supporting this concept, a recent Australian study re-
ported a particularly high prevalence of AF (28.5%) among
former elite rowers, an endurance sport characterized by even
greater upper-body involvement and static loading.®?

Finally, while profound atrial structural remodelling likely
plays arole, the pathophysiology of atrial arrhythmias in athletes
is thought to involve autonomic modulation and systemic in-
flammation.” 1° Whether these factors differ between cyclists
and other endurance sports remains to be studied.

Limitations

This study has several limitations. The cross-sectional design
and reliance on self-reported data limit causal inference and
introduce the potential for different types of bias.
Questionnaires did not capture exercise intensity or low-
intensity physical activity such as walking or daily occupational
tasks, which may underestimate total physical activity exposure.
Importantly, cumulative lifetime hours of exercise were calcu-
lated rather than directly reported, extrapolating current weekly
exercise hours across reported years of training, and thus as-
suming stable weekly training over time. AF/AFL history was

920z AInr 91 uo Jasn Ausiaaiun yesseH Aq 6£01698/6806e900/c/9/810118/usdolya/woo dno-olwapeoe//:sdiy Woll papEojuMO(]



Association of self-reported sports volume and discipline with atrial arrhythmia prevalence in middle-aged males 9

entirely self-reported by a single questionnaire item without val-
idation through ECG or medical records, posing a risk for mis-
classification and over- or underestimation of true AF/AFL
prevalence. Similarly, risk factor assessment was based on re-
ported medication use, which may not fully reflect underlying
cardiovascular risk burden. Furthermore, the study included
only male participants, and results may not be directly extrapo-
lated to women. Additionally, the study lacks information on
socioeconomic status of participants, which may have influ-
enced AF prevalence. Lastly, a degree of recruitment bias can-
not be excluded, as individuals with heightened health
awareness or prior symptoms may have been more likely to par-
ticipate in the screening for the Master@Heart study.

Conclusion

In middle-aged males, greater self-reported estimated lifetime
endurance exercise volume (>1778 lifetime hours) was asso-
ciated with a higher odds ratio of self-reported AF or AFL, ad-
justing for age and traditional risk factors. The highest quartile
(>12 231 lifetime hours) showed the greatest likelihood of AF
or AFL. These findings contribute to growing evidence sug-
gesting that high-volume endurance training may increase
the risk of AF, even in individuals with a favourable cardiovas-
cular risk profile. As a novel finding, specifically cycling ap-
peared to be associated with greater AF risk, while this
association was not found for running or swimming. Future
studies should lay focus on accurate quantification of exercise
exposure and sports type, combined with comprehensive
structural and electrical phenotyping.

Supplementary material

Supplementary material is available at European Heart Journal
Open online.
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