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Physical activity and atrial fibrillation risk: it’s

complicated; and sex is critical
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This editorial refers to ‘Association between physical activ-

ity and risk of incident arrhythmias in 402 406 individuals:

evidence from the UK Biobank cohort’†, by A.D. Elliott

et al., on page 1479.

Atrial fibrillation (AF) is a significant and growing contributor to mor-
bidity, mortality, and preventable stroke.1 A variety of approaches
are being applied to develop better ways to combat this expanding
epidemic. One strategy that has received great interest is the control
of cardiac risk factors, increasingly recognized to be an important and
targetable contributor to the likelihood of AF.1,2 An important
weapon in the fight against uncontrolled risk factors is exercise,
known to have beneficial effects against a range of adverse risk pre-
dictors such as obesity, diabetes, hypertension, and dyslipidaemia.
However, there is evidence that high levels of exercise, especially en-
durance training, can promote AF.3 These contradictory effects have
been difficult to sort out in epidemiological studies, most of which
support a simple protective effect; however, the available studies
have been limited by relatively small sample sizes and few patients in
any given study that achieve regular high-level physical activity.

Results from the UK Biobank

In this issue of the European Heart Journal, Elliott et al. report the
results of a study exploiting the very extensive and well-structured
UK Biobank to provide a detailed and elegant analysis of the relation-
ship between levels of physical activity and AF risk.4 Data were
obtained from 402 406 individuals who completed self-reported
physical activity screening questionnaires at baseline. Analysis of the
information in the questionnaire allowed for the estimation of the
total weekly physical activity at baseline (in MET-min/week), as well
as the proportion attributable to vigorous physical activity.
Participants were followed (median follow-up of 7 years) for arrhyth-
mia endpoints with the use of national electronic health record

databases. In addition to the occurrence of AF and atrial flutter
(which are the focus here), they examined the occurrence of ven-
tricular arrhythmias and bradyarrhythmic events.

As previously reported in the literature,2 the authors noted a pre-
dominantly protective effect of regular physical activity against AF/
flutter events. However, their large database and detailed quantitative
information on activity levels allowed the authors to identify sex-
related complexity within the data. Women showed a more pro-
nounced risk reduction with activity than men, as well as a protective
effect over the entire range of physical activity levels examined, with
statistically significant reductions in AF risk up to 2500 MET-min/
week. For men, however, increasing physical activity was only pro-
tective against AF to a level of 1500 MET-min/week; beyond that, the
protective effect was lost. Furthermore, there was a statistically sig-
nificant interaction between sex and vigorous activity effects. In
women, a beneficial anti-AF effect was observed for vigorous exer-
cise, whereas for men, there was a progressive increase in AF risk
with greater amounts of vigorous physical activity, with a statistically
significant 12% risk enhancement at 5000 MET-min/week.

Physical activity has a complex
relationship to AF risk

It is clear from the data of Elliott et al. that exercise has complex
effects on the AF-promoting atrial substrate, with some actions
being protective and others potentially harmful. This complicated
relationship is illustrated in the Take home figure. Physical activity
presents a duality of effects on AF susceptibility, with the net
outcome depending on which set of actions is predominant. By
controlling such prominent AF risk factors as obesity, diabetes, and
hypertension,2 regular exercise reduces AF risk. In addition, exercise
has other protective effects such as metabolic adaptations,5 cardio-
protective pre-conditioning,6 and antioxidant properties.7 These and
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possibly other (unknown) actions underlie the ability of regular phys-
ical activity to reduce the AF likelihood.

On the other hand, intense physical activity can produce adverse
remodelling consequences that increase AF risk. Intense endurance
training in animal models produces atrial fibrosis and dilatation, along
with autonomic changes such as enhanced vagal tone that, in addition
to causing the well-known slow heart rates of trained athletes, also
promote the initiation of reentrant AF.8,9 Stopping training allows for
some of the adverse effects (like the autonomic changes) to reverse,
whereas others (like fibrosis and dilatation) recover much more
slowly, if at all.9 Prominent among the underlying mechanisms is the
engagement of inflammatory pathways like that associated with tu-
mour necrosis factor-a (TNF-a).10,11 These systems activate pro-
fibrotic signaling that is responsible for atrial structural remodeling
with intense exercise; the fibrosis-promotion and AF-substrate en-
hancement can be prevented by interventions that block TNF-a
action.10,11.

A predominance of the detrimental remodelling consequences of
exercise accounts for the well-described occurrence of AF in high-
level athletes with no known heart disease;12 whereas the beneficial
effects predominate in population studies involving few individuals
that regularly engage in high-level physical training.13

Sex, physical activity, and AF

There is an increasing awareness of the important role of sex in con-
trolling cardiac outcomes and the need for better data to guide clinic-
al practice.14 It has long been suspected that the AF-promoting
effects of exercise are predominantly expressed in males.9,12 The

study of Elliott et al. is the clearest and most definitive demonstration
to date of the sex-related dichotomy, represented in Take home fig-
ure, in the effects of physical activity level on AF likelihood. Among
women, only a protective effect was noted, and was expressed over
the entire range of activity levels. However, men showed clear pro-
tection with moderate physical activity. With regular vigorous exer-
cise, men became more AF prone.

The mechanistic basis of this phenomenon is unknown and merits
investigation. Are sex-related differences in hormonal background
and their cardiovascular actions responsible? What about male–fe-
male differences in body habitus, a known determinant of AF risk?15

Sex-dependent differences in the cardiovascular or autonomic re-
sponse to training? Discrepancies in the type or intensity of maximum
exercise attained? Varying reprogramming of cardiovascular gene-ex-
pression in response to high-level physical activity, and/or the post-
transcriptional control of critical proteins and signaling pathways, in
men versus women? At this point, we do not know how to explain
the sex-based differences in the response of AF risk to vigorous phys-
ical activity, but the answers might provide intriguing new insights
into sex-dependent cardiovascular mechanisms and the determinants
of AF occurrence.

Clinical implications
What are the clinical implications of the study of Elliott et al.? The first
and foremost implication is that regular physical activity is protective
against most forms of cardiac arrhythmias, including AF, and is to be
encouraged. Secondly, regular involvement in very vigorous physical
activity can promote AF, predominantly in men, and this may need to
be considered in managing highly active patients with the arrhythmia.
Finally, there is a lot we do not know about how sex can determine

Women

At all levels

Men

At moderate levels At high levels

Protective AF-promoting

Risk Factor Suppression:
-Diabetes 
-Blood pressure 
-Dyslipidemia

Other consequences
-Antioxidant effects
-Preconditioning
-Metabolic changes

Atrial fibrosis

Atrial dilation

Vagal enhancement

Atrial Fibrillation

Physical activityPhysical activity

Take home figure Schematic representing the opposing effects of physical activity on AF likelihood. Physical activity can either reduce or
increase the risk of AF, with the balance of effects at high exercise levels being quite sex-dependent.
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..important biological responses, and much more research is needed
in this area.
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