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Aims To assess left atrial (LA) function in sinus rhythm in veteran athletes with a history of paroxysmal atrial fibrillation
(AF) exposed to prolonged endurance exercise compared with veteran athletes without AF and controls with and
without paroxysmal AF from a non-athletic population.

...................................................................................................................................................................................................
Methods and
results

Three hundred and two male participants from four groups, veteran recreational skiers with paroxysmal AF
(n = 62), veteran skiers without AF (n = 89), and controls from a non-athletic population with (n = 62) and without
paroxysmal AF (n = 89) underwent an echocardiographic examination in sinus rhythm to evaluate LA anatomy and
function. The skiers (mean age 70.8±6.7 years) reported an average exposure to regular endurance exercise for
40–50 years. LA maximum and minimum volumes were larger in skiers (P < 0.001). LA volumes differed within the
athletic and non-athletic groups with larger volumes in the AF groups ( P < 0.001). We observed a considerable
overlap in LA volumes among non-athletes with AF and athletes without AF. LA reservoir strain (33.6% ± 4.8% vs.
28.3% ± 6.7% P < 0.001) and contractile strain (18.3% ± 4.0% vs. 15.0% ± 5.2% P < 0.001) were lower in both
AF groups regardless of athletic status. LA reservoir strain was superior to volumetric measurements at identifying
participants with AF (area under the curve 0.740 ±0.041).

...................................................................................................................................................................................................
Conclusion Male veteran athletes had significantly larger LA volumes than non-athletes. In contrast, LA strain values were

similar in athletes and non-athletes with paroxysmal AF, and significantly lower than in subjects without AF.
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Introduction

Atrial fibrillation (AF) is the most common heart rhythm disorder,
associated with an increased risk of stroke, heart failure, dementia,
and death.1,2 Moderate intensity exercise lowers the probability of
AF, whereas prolonged endurance exercise seems to increase this
risk.3–5 Long-distance endurance races have become increasingly
popular, and changes in exercise habits could cause an increased inci-
dence of exercise-induced AF.6

Although not fully understood, the pathophysiology of AF in
otherwise healthy athletes is likely to include exercise-related ad-
verse cardiac adaptations, such as dilation of the atria, changes in
autonomic activation, inflammation, and myocardial fibrosis.3,7

Cardiac output increases with increasing exercise intensity.8

Simultaneously, the relative duration of the diastole decreases, which
in turn requires a high flow across the atrioventricular valves, made
possible by increased atrial pressure and greater left ventricular (LV)
lusitropy.9 While younger athletes adapt to the increased demands
during exercise by symmetrical enlargement of all four chambers
with preserved and even enhanced diastolic properties (‘athlete’s
heart’), diastolic function attenuate with increasing age, increasing LV
filling pressures, and the load on the atria during exercise.10,11

Improved understanding of the interplay between exercise-related
cardiac remodelling and physiological remodelling promoted by aging
is warranted. It may guide clinicians facing veteran athletes to

distinguish physiological from pathological atrial remodelling and en-
able us to provide evidence-based exercise recommendations.

Over the last few years, novel echocardiographic techniques using
speckle tracking to assess atrial function have emerged, and atrial
function is established to be strongly associated with AF in the gen-
eral population.12,13 In athletes, however, data are limited and studies
in younger elite athletes are not necessarily relevant to elderly recre-
ational athletes.14,15 This study is the first to investigate the atrial func-
tion and AF in a large group of elderly recreational athletes.

The main aim of this study was to investigate structural and func-
tional characteristics of the atria in relation to AF in a cohort of male
veteran endurance athletes exposed to endurance exercise over
decades. The secondary aim was to assess if left atrial (LA) strain by
speckle tracking echocardiography is better than volumetric meas-
urements to identify the athletes diagnosed with paroxysmal AF.

Methods

Study population
To cover the whole range of physical activity in the population, The
Birkebeiner (2012) study comprised two independent cohorts: Men who
had participated in The Birkebeiner cross-country ski race (veteran recre-
ational skiers), and men who had participated in a population-based
health survey, (The Oslo Health study). Altogether 3545 men aged
53 years and older participated.16 Aiming to investigate atrial function
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related to exercise-induced AF, we invited 520 out of these to attend a
cross-sectional study in 2019:134 skiers with a history of AF, 123 skiers
without AF, and age and gender-matched control groups with (n = 81)
and without (n = 147) a history of AF from the general population. To in-
crease the size of the non-athletic control group with AF, every male pa-
tient at the proper age visiting the AF outpatient clinic at Diakonhjemmet
Hospital between May and September 2020, were consecutively invited
to participate until reaching the same number of participants as in the ath-
letic AF-group.

The annual Birkebeiner ski race, with a course length of 54 km covering
over a 1000 m uphill, has an average finishing time for the top 25% 70-
year-old men of 4 h. It is regarded as one of the most challenging cross-
country ski races globally and requires regular endurance exercise for
preparation.

All participants answered a questionnaire and were physically exam-
ined. Regular endurance exercise was defined in the questionnaire as an
exercise for >_30 min >_3 times a week with the purpose of increasing
physical endurance capacity and reported on an 8-level ordinal scale.
CHA2DS2-VASc score was estimated based on data from the question-
naire (age, sex, history of heart failure, hypertension, stroke, coronary
heart disease, and diabetes mellitus).

We performed a resting electrocardiogram (ECG) and a 24-h Holter
monitoring to assess undetected AF. A comprehensive echocardiograph-
ic examination in sinus rhythm was performed, assessing all phases of
atrial function. The history of AF was verified by reviewing medical
records, identifying paroxysmal AF according to guidelines.17 As it
was difficult to differentiate paroxysmal from persistent AF in 13 partici-
pants (5 athletes and 8 non-athletes), these were included as having
paroxysmal AF.

The study was approved by the Regional Committee for Medical and
Health Research Ethics (ref.nr: 2016/565) and complies with the
Declaration of Helsinki. All participants gave informed written consent.

Transthoracic echocardiography
Resting echocardiograms were recorded by the main investigator (ES) in
the left lateral decubitus position using the same digital ultrasound scan-
ner in all participants (Vivid E9, GE Vingmed Ultrasound, Horten,
Norway). We obtained 2D-greyscale, colour Doppler, and tissue
Doppler images in two parasternal and three standard apical views
according to recommendations.18 Three to five consecutive loops were
obtained and saved in cine loop format, including 200 ms before and after
all beats.

Registrations were analysed offline (Echo PAC version 203, GE
Vingmed Ultrasound, Horten, Norway) by a physician (ES) blinded for
the patients’ other data.

Parameters of LV size were obtained, calculated, and indexed to body
surface area according to recommendations.18

LA 2D acquisitions were obtained from atria-focused apical views, and
LA volumes were calculated by the summation of discs in apical four- and
two-chamber views.18 Maximum LA volume (LAmax) was measured trac-
ing the LA inner border at end-systole on the frame before mitral valve
opening, and minimum LA volume (LAmin) was measured at end diastole
on the frame before mitral valve closing. Pre-atrial contraction volume
(LAPa) was measured on the frame before atrial contraction. Atrial func-
tional parameters were computed using the following formulas: LA ejec-
tion fraction (LAEF): (LAmax - LAmin/LAmax) � 100; passive emptying
fraction (p-LAEF): (LAmax - LAPa/LAmax) � 100; LA active emptying frac-
tion (a-LAEF): (LAPa - LAmin/LAPa) � 100. Atrial volumes were indexed
to body surface areas, and an average from three consecutive loops was
computed.

Mitral inflow parameters E, A, and E deceleration time were assessed
from an apical four-chamber view by pulsed-wave Doppler, and E/A ratio
was computed from these values. Pulsed-wave tissue Doppler images
were obtained, and values of early diastolic (e0) velocities were assessed.
E/e0 was calculated from an average of septal and lateral e0 velocities.19

Atrial stiffness was computed by dividing E/e0 by peak LA reservoir
strain.20 The ratio of LAmax to LV end-diastolic volume (LA/LV) was com-
puted to evaluate potentially unbalanced remodelling.14

Strain analysis
LV global longitudinal strain (GLS) was computed according to recom-
mendations from apical four-chamber, two-chamber, and apical long-axis
views, using the 18-segment model.21 End-diastole was defined by the
frame prior to mitral valve closure. GLS was defined as the peak negative
strain during systole.

LA strain was obtained from apical four-chamber 2D views, optimized
to avoid LA foreshortening, with a narrow image sector at frame rate-
s > 60 fps. The LA border was traced from one side of the mitral annulus
to the other along the endocardium. A region of interest was automatic-
ally defined, then adjusted manually to fit the thickness of the LA wall as
recommended.22 The software automatically divided the LA into six seg-
ments, scoring their tracking quality with the possibility for manual cor-
rection. All strain values were computed as the average of the accepted
segments and averaged over three heart cycles. Zero strain reference
was set at LV end-diastole. LA strain values are stated as LASr - LA reser-
voir strain, LAScd - LA conduit strain, and LASct - LA contractile strain
(Figure 1).22

Statistical analysis
Continuous variables are reported as mean ± standard deviation (SD)
for normally distributed data. Other continuous variables are reported as
median (25th–75th percentile). Categorical values are reported using fre-
quencies and percentages. Two-way between groups analysis of variance
was conducted to explore the main effects of athletic status, AF status,
and the interaction between AF status and athletic status. To assess inde-
pendent associations between the atrial strain parameters LASr and
LASct and AF, we performed a logistic regression for each parameter.
Each regression was adjusted for weight, height, CHA2DS2VASc score,
GLS, LV mass index, LAVImax, and E/e0. We performed a hierarchical lo-
gistic regression to evaluate the incremental value of LASr in identifying
athletes with AF, LASct was excluded from this model due to collinearity.

Receiver operating curves (ROC) for atrial volumes and functional
parameters were created, and areas under curves were calculated for
these parameters’ ability to identify athletes suffering from AF. A sensitiv-
ity analysis excluding ablated patients was performed. Reproducibility
analyses were conducted offline on anonymized recordings in 15 ran-
domly selected participants using a two-way mixed model with absolute
agreement between measures. Intra-observer analysis was done by the
main investigator (ES) with a 2-week interval between measurements.
Inter-rater analysis was conducted by rater two (MS) separated in time
and place from rater one. Analysis was performed on the same set of
recordings from each participant. The raters could randomly select differ-
ent pictures and loops for analysis and re-analysis. Tests with P-values
<0.05 were considered statistically significant. All analyses were per-
formed using SPSS Statistics version 26 (IBM, Armonk, NY, USA).

Results

Three hundred and ninety-four out of the 520 invited individuals
(76%) participated in the study. After exclusion of participants with
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..AF during the examination, supraventricular tachycardia other than
AF, heart failure (EF < 35%), open-heart surgery, and clinically signifi-
cant valvular disease, we included 302 participants; 62 athletes with
paroxysmal AF, 89 athletes without AF, 89 non-athletes without AF,
and 62 non-athletes with paroxysmal AF (Figure 2). We did not iden-
tify any cases of AF during resting ECG or Holter monitoring in study
participants without priorly known AF.

Baseline characteristics
All participants were men with a mean age of 70.8 ± 6.7 years.
Baseline characteristics are presented in Table 1. Athletes with and
without AF reported a similar lifelong exposure to endurance sports,
with an average of 40–50 years of regular endurance exercise and 16
completed Birkebeiner races. The prevalence of cardiovascular dis-
ease and risk factors in athletes was very low. AF burden was low in
both athletes and non-athletes, with three out of four participants
reporting less than one monthly episode of AF.

Blood pressure was similar in all groups. Individuals with AF were
taller, independent of athletic status. Athletes had a lower mean body
mass index. While a higher proportion of athletes had undergone AF
ablation, antiarrhythmic drug use was more prevalent among non-
athletes. P-values for the main effects of athletic status and AF status
as well as the interaction effect of these parameters regarding base-
line characteristics are reported in Supplementary material online,
Table S9.

Atrial parameters
LA parameters are summarized in Table 2. There was no significant
interaction between AF status and athletic status regarding atrial
parameters. Athletes had larger atrial volumes than non-athletes
(P < 0.001), but there were no significant differences in atrial function
as assessed by strain nor LAEF between athletes and non-athletes.
The AF-groups had larger atrial volumes, higher atrial stiffness, and
lower atrial function as assessed both by atrial strain and dynamic
volumetric parameters than the non-AF groups regardless of athletic
status. LASr remained highly significantly associated with AF
(P < 0.001) in all participants combined and in the athletic group alone
after adjusting for height, weight, CHA2DS2VASc score, E/e0, LV mass
index, LAVImax, and GLS. The sensitivity analysis excluding ablated
participants demonstrated consistent results. Results are reported as
Supplementary data online.

Evaluation of LA parameters in
identifying AF in athletes
ROC curve analysis recognizes atrial strain parameters of the reser-
voir and contractile phase as best at identifying athletes suffering
from AF. LASr demonstrated the highest area under the
curve = 0.740 ± 0.041, slightly above dynamic volumetric measure-
ments followed by absolute volumes (Table 3). Figure 3 illustrates the
independent and incremental value of LASr at identifying athletes
with AF on top of clinical characteristics and standard echocardio-
graphic parameters in a hierarchical logistic regression model. Height

Figure 1 Left atria strain curves from apical four-chamber view. The six different segments were measured individually, and the average of accepted
segments computed.
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.................................................................. .........................................

....................................................................................................................................................................................................................

Table 1 Baseline characteristics

Athletes Non-athletes

AF No AF AF No AF

Age (years) 70:9±5:7 71:2±5:6 70:2±8:1 70:6±7:2

Weight (kg) 81:2±10:5 78:5±10:4 88:4±16:0 81:8±13:5

Height (m) 1:83±0:07 1:79±0:06 1:81±0:07 1:78±0:07

Body mass index (kg/m2) 24:3±2:6 24:5±2:6 26:9±3:9 25:8±3:7

DBP (mmHg) 80±9 80±8 81±8 81±8

SBP (mmHg) 139±18 138±16 138±14 141±14

Heart rate (beats/min) 56±11 56±8 60±10 62±10

CHA2DS2-VASc score 1:6±1:1 1:5±1:1 1:9±1:4 1:6±1:4

Higher education, n (%) 52 ð83:9Þ 73 ð82:0Þ 50 ð80:7Þ 69 ð77:5Þ
Anti-hypertensive treatment, n (%) 17 ð27:4Þ 25 ð28:0Þ 25 ð40:3Þ 32 ð36:0Þ
Diabetes, n (%) 1 ð1:6Þ 1 ð1:1Þ 3 ð4:8Þ 8 ð9:0Þ
Current smoking, n (%) 1 ð1:6Þ 1 ð1:1Þ 3 ð4:8Þ 1 ð1:1Þ
Previous ablation, n (%) 22 (35.5) 14 (22.6)

Beta-blocker, n (%) 12 19.4) 24 (38.7)

Calsium-channel blocker, n (%) 1 (1.6) 4 (6.5)

Amiodarone, n (%) 2 (3.2) 3 (4.8)

Flecainid, n (%) 3 (4.8) 7 (11.3)

Digoxin, n (%) 0 (0.0) 0 (0.0)

Use of oral anticoagulants CHA2DS2-VASc score >_ 2 (%) 19=30 ð63%Þ 29/37 (84%)

Use of oral anticoagulants CHA2DS2-VASc-score <2 (%) 13=32 ð41%Þ 13/25 (52%)

Number of completed Birkebeiner ski races Md ¼ 15ðIQR 8–24Þ Md ¼ 18ðIQR 9–27Þ
Still participating in regular endurance exercise (%) 46 (75.8%) 68 (75.8%) 11 (17.7%) 8 (9.3%)

Values are expressed as mean±SD, n (%), or median (interquartile range).
DBP, diastolic blood pressure; SBP, systolic blood pressure.
CHA2DS2-VASc score estimated based on age, sex, CHF history, hypertension, stroke, coronary heart disease and diabetes mellitus.

Figure 2 Recruitment of the study sample. AF, atrial fibrillation; SVT, supraventricular tachycardia.
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..and LV mass index provided significant incremental value, though
only height was significant independent of other covariates.

Ventricular parameters
LV values are summarized in Table 4. There was no significant
interaction between AF status and athletic status regarding

ventricular parameters except for LV mass index. Volumes
were larger in athletes compared with non-athletes, whereas E/
e0 was lower in athletes. LV mass index was higher in athletes
than non-athletes and higher in athletes with AF than in athletes
without AF. GLS was lower in athletes but unaffected by AF
status.

................................. .................................

....................................................................................................................................................................................................................

Table 2 Left atrium echocardiographic valuesP-value interaction athletic status and AF status

Athletes Non-athletes

AF No AF AF No AF P-value

athletes vs.

non-athletes

P-value

AF vs.

No AF

P-value

interaction

athletic

status and AF

status

LASr (%) 27:9±6:4 33:5±4:8 28:7±7:0 33:8±4:9 0.410 <0.001 0.673

LAScd (%) 13:4±4:9 15:4±4:0 13:3±4:0 15:3±4:5 0.788 <0.001 0.955

LASct (%) 14:6±4:5 18:1±4:1 15:5±5:8 18:5±4:0 0.215 <0.001 0.591

LAEF (%) 44:3±9:4 50:6±6:8 44:9±10:6 52:2±6:8 0.204 <0.001 0.546

LAVImax (mL/m2) 52:4±15:2 45:9±10:8 44:3±11:9 38:2±8:0 <0.001 <0.001 0.867

LAVImin (mL/m2) 29:7±12:3 22:9±7:2 25:0±10:0 18:3±4:8 <0.001 <0.001 0.997

LA passive emptying fraction (%) 29:0±8:6 29:7±8:1 26:1±9:6 30:2±8:8 0.247 0.020 0.090

LA active emptying fraction (%) 25:0±10:3 31:9±8:9 27:8±12:2 34:9±9:1 0.013 <0.001 0.970

LA stiffness 0:31±0:15 0:23±0:08 0:34±0:25 0:26±0:09 0.052 <0.001 0.948

Values are expressed as mean±SD. Two-way between groups analysis of variance was conducted. P-values for the main effects of athletic status and AF status as well as the
interaction are presented in the table.
LA, left atrial; LAEF, left atrial ejection fraction; LAScd, Left atrial conduit strain; LASct, Left atrial contractile strain; LASr, Left atrial reservoir strain; LAVImax, maximum left atrial
volume index; LAVImin, minimum left atrial volume index.

................................ ................................

....................................................................................................................................................................................................................

Table 4 Left ventricular echocardiographic parameters

Athletes Non-athletes

AF No AF AF No AF P-value

athletes vs.

non-athletes

P-value

AF vs. No AF

P-value interaction

athletic status and

AF status

GLS (%) 18:7±2:0 18:8±1:6 19:5±1:6 19:1±1:7 0.009 0.606 0.169

Ejection fraction (%) 54:4±3:5 56:2±3:7 56:8±3:5 57:1±3:8 <0.001 0.016 0.070

Peak mitral E wave vel (cm/s) 0:56±0:15 0:55±0:14 0:62±0:15 0:62±0:15 <0.001 0.842 0.750

Peak mitral A wave vel (cm/s) 0:53±0:16 0:60±0:16 0:58±0:16 0:68±0:16 <0.001 <0.001 0.525

E/A 1:1±0:37 0:94±0:22 1:2±0:54 0:95±0:25 0.427 <0.001 0.600

E/e0 8:1±2:4 7:5±2:3 8:5±2:3 8:7±2:3 0.003 0.417 0.156

Average e0 (cm/s) 7:2±1:8 7:7±1:8 7:5±1:7 7:4±1:5 0.789 0.509 0.177

EDecT (ms) 261±69 251±68 237±69 234±48 0.006 0.410 0.670

LVEDV indexed (mL/m2) 84:9±17:5 78:6±16:8 69:1±9:5 68:2±10:0 <0.001 0.028 0.157

LVESV indexed (mL/m2) 38:9±9:6 34:7±9:1 29:9±5:1 29:3±5:5 <0.001 0.008 0.068

LV mass index (g/m2) 93:3±23:5 81:5±17:1 76:7±20:5 79:5±23:8 <0.001 0.075 0.004

Indexed LA/LV ratio 0:31±0:08 0:30±0:06 0:31±0:09 0:29±0:06 0.368 0.079 0.271

Stroke volume indexed (mL/

beat/m2)

46:0±8:9 44:0±8:4 39:2±5:5 38:9±5:8 0.005 0.967 0.189

Values are expressed as mean± SD. Two-way between groups analysis of variance was conducted. P-values for the main effects of athletic status and AF status as well as inter-
action are presented in the table.
AF, atrial fibrillation; EDecT, E deceleration time; EDV, end-diastolic volume; ESV, end-systolic volume; GLS, Global longitudinal strain; LA, Left atrium; LV, left ventricle.
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Reproducibility
For LAVImax intra-observer intraclass correlation coefficient
(ICC) was 0.985 (0.957–0.995) and inter-observer ICC was 0.984
(0.954–0.995). For LAVImin the corresponding numbers were 0.980
(0.922–0.994) and 0.959 (0.881–0.986). For LASr intra-observer ICC
was 0.846 (0.543–0.948) and inter-observer ICC 0.893 (0.676–
0.964). LAScd intra-observer ICC was 0.872 (0.614–0.956), inter-ob-
server ICC 0.854 (0.557–0.951), and for LASct the intra-observer
ICC was 0.869 (0.614–0.956) and the inter-observer ICC 0.820
(0.452–0.940). Other ICC results are reported as Supplementary
data online.

Discussion

In this large cohort of male veteran recreational athletes with strong
exposure to endurance exercise through several decades, we found
enlarged left atria compared with non-athletes. Both athletes and

.................................................................................................

Table 3 Performance of atrial volumes and functional
parameters at identifying athletes with AF

Variable AUC P-value

LASr 0:740±0:041 0.000

LAScd 0:623±0:049 0.012

LASct 0:706±0:043 0.000

LAEF 0:698±0:044 0.000

LA conduit fraction 0:504±0:048 0.928

LA pump fraction 0:679±0:045 0.000

LAVImax 0:626±0:047 0.008

LAVIPa 0:601±0:048 0.034

LAVImin 0:688±0:044 0.000

AUC, area under the curve; LAEF, left atrial ejection fraction; LAScd, left atrial
conduit strain; LASct, left atrial contractile strain; LASr, left atrial reservoir strain;
LAVImax, maximum left atrial volume indexed; LAVImin, minimum left atrial vol-
ume indexed; LAVIPa, left atrial preatrial contraction volume indexed.

Figure 3 Independent and incremental value of LASr at identifying athletes with AF on top of clinical characteristics (CHA2DS2-VASc score, height,
and weight) and standard echocardiographic parameters (E/e0, mitral inflow velocity and mitral annular early diastolic velocity; GLS, global longitudinal
strain; LAVImax, maximal left atrial volume indexed; LVMI, left ventricular mass index) in a hierarchical logistic regression model.
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..non-athletes with paroxysmal AF had significantly reduced LA strain
values compared with subjects without AF.

This is the first study exploring the relationship between atrial size,
function, and AF in an elderly population of recreational athletes. The
enlarged left atria in athletes compared with non-athletes suggests
atrial remodelling due to prolonged exposure to exercise. This com-
plies with the findings of Letnes et al.23 that demonstrated how
LAVImax increases with improved cardiorespiratory fitness, regardless
of diastolic function, and how this effect augments with increasing
age.

LAVImax and LAVImin are associated with AF in non-athletic popu-
lations, and we found a strong association between these parameters
and AF status in athletes as well as non-athletes.12,24 However, as
LAVImax and LAVImin are also strongly associated with athletic status,
cardiorespiratory fitness needs to be taken into consideration when
evaluating left atrial volumes.

As opposed to absolute volumes, we found that functional param-
eters, both assessed by dynamic volumetric measurements and atrial
strain, were less influenced by athletic status. This complies with stud-
ies of LA function in healthy athletes, showing minute differences be-
tween athletes and non-athletic controls with borderline significant
lower reservoir strain and no difference in contractile strain, despite
a highly significant difference in LAVImax.

25

Despite a higher indexed stroke volume, GLS was lower in ath-
letes, reflecting that a larger ventricle demands less deformation to
produce the same stroke volume. LV mass index was higher in ath-
letes than non-athletes as expected and higher in athletes with AF
than without AF, suggesting LV mass index as a potential co-marker
of AF in athletes as seen in non-athletic populations.26

Diastolic properties decline with increasing age.27 While exercise
seems to promote LV relaxation properties and slow the age-related
progression of diastolic dysfunction, our study supports the notion
that long-term exercise does not prevent a gradual decline in resting
diastolic function in athletes.14,28,29 We identified significantly lower
E/e0 in athletes, but the numerical difference was slight with values

close to their age-expected value.30 In addition, we observed a high
contractile strain relative to conduit and reservoir strain regardless of
athletic status, concordant with findings in non-athletic populations,
where age-induced atrial remodelling reduces early diastolic empty-
ing and results in a compensatory increase in active LA function.31,32

These findings imply that athletes cannot mitigate the impact of aging
on diastolic properties and atrial compliance. To provide further in-
sight as to whether these changes result in a lower atrial contractile
reserve, studies examining atrial function in elderly athletes during ex-
ercise are warranted.

Two smaller studies have previously evaluated LA strain and AF in
athletes.14,15 In a group of younger elite athletes with AF, Trivedi
et al.14 found no differences in atrial strain between athletes with and
without AF, but athletes with AF had normal diastolic function as
opposed to their non-athletic control group with AF. Among 27 ath-
letes with AF and a mean age of 60 years, Hubert et al.15 found highly
significant differences in all atrial strain parameters, with reservoir
strain being the strongest identifier of AF. The age-induced cardiac
remodelling in our elderly cohort may attenuate the favourable effect
of exercise on diastolic properties in younger athletes, thus explaining
much of the differences between the studies. The age-induced altera-
tions in atrial strain parameters may also diminish the effect of athletic
atrial remodelling and reduce the ability of atrial strain to identify AF
compared to younger athletes. However, comparisons between dif-
ferent study populations are complicated, emphasizing the need for
longitudinal studies in different athletic cohorts and caution when
generalizing these results among different groups of athletes.

The majority of athletes without AF in our study surpass the upper
limit of normality regarding LAVImax in guidelines despite having nor-
mal atrial function assessed by atrial strain.18 This illustrates the diffi-
culties of using LAVImax to identify pathological atrial remodelling in
elderly recreational endurance athletes.

Even though atrial functional parameters and especially LASr prove
a promising marker of atrial dysfunction in elderly endurance athletes
with incremental value to clinical and conventional echocardiographic

Figure 4 Scatter plot of left atrial reservoir strain (LASr) in athletes based on AF status.
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.
parameters in identifying athletes with AF, the values overlap be-
tween AF and non-AF athletes (Figure 4). Thus, it does not seem evi-
dent that LASr is suited to identify veteran athletes at risk of
paroxysmal AF at an individual level. According to the NORRE study,
the lower normal limit of LASr >60 years of age was 22.7%.33 We
found 13 athletes having strain values below this point, all suffering
from paroxysmal AF. This suggests that a LASr value below this limit
is a reason for further investigating the presence of undiagnosed AF
in elderly athletes.

Strengths and limitations
To our knowledge, this is the most extensive study to date exploring
the relationship between endurance exercise, AF, and atrial function.
The study comprises a unique cohort of elderly recreational athletes
with an average of 40–50 years of performing endurance exercise,
making the results relevant to a large group of recreational athletes.

The study may have seemed more appealing to individuals inter-
ested in endurance exercise, hence likely to attract the fittest mem-
bers of our control cohort, diluting the effect of training in the
athletic group. To increase the number of participants in the control
group with AF, we supplemented the control group with patients
from an outpatient clinic. Finally, this is a single-centre study, consist-
ing of men only, due to the low number of female participants in the
Birkebeiner study with exercise-induced AF. Considering the increas-
ing number of female recreational endurance athletes, future studies
should strive to include women.

Conclusions

Male veteran athletes had significantly larger LA volumes than non-
athletes. In contrast, LA strain values were similar in athletes and
non-athletes with paroxysmal AF, and significantly lower than in sub-
jects without AF. Our findings suggest that LA functional parameters
are more closely linked to AF than volumetric parameters in veteran
athletes.

Supplementary data

Supplementary data are available at European Heart Journal - Cardiovascular
Imaging online.
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