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Introduction
The prevalence of atrial fibrillation (AF) has surged over the 

last two decades, such that it has become a significant burden 
to healthcare.1 Numerous risk factors that contribute to the 
development of the arrhythmia are also on the rise.2,3 Strategies to 
combat these risk factors in patients with AF undergoing catheter 
ablation; have become the cornerstone in the management of AF.4,5 
It is clear that the atrial remodelling driven by these risk factors is 
reversible.2,5 However; the mechanisms by which these risk factors 
interact to produce atrial remodelling and subsequent AF are not 
entirely clear. It is well known that AF can manifest from autonomic 
perturbations;6-8 which several risk factors, themselves could also 
trigger.9-17 Indeed, there may be several interacting mechanisms and 
the role of the autonomic nervous system (ANS) as an intermediary 
between risk factors and the development of AF warrants review. 

Studies that have used the cardiac ANS as a target in the 
management of AF have also provided some important insights. 
First, modulating the ANS is effective in treating AF.18,19 Second, 
it can also produce changes that result in longer term reduction in 

AF; therefore, implying that dysfunction of the cardiac ANS may 
contribute to atrial remodelling and may play a role in the burden 
of AF. Critically, the relationship between autonomic dysfunction 
and AF appears bi-directional; the presence of AF itself can result 
in a shift in autonomic tone20 cardiac autonomic remodelling21-23 as 
well as abnormalities in reflexes involved in the regulation of cardiac 
volume.24 Last, cardiac autonomic dysfunction appears to heighten 
the incidence of AF in a large cohort study. 25

Where other reviews have primarily addressed26,27 the role of the 
ANS in AF-producing atrial electrophysiology and substrate, as well 
as modulating the ANS in AF; in this review we aim to provide the 
reader with an updated overview of the role that the ANS plays in 
the rising burden of AF both at an individual and population-level.

 

Cardiac autonomic dysfunction with incidence of atrial 
fibrillation

Although there have not been a great number of large-scale studies 
that have directly addressed this question, there is mounting indirect 
evidence through clinical sequelae of autonomic dysregulation to 
suggest that there is an association between the incidence of AF 
and cardiac autonomic dysfunction. The first indirect evidence from 
large population level prospective cohort studies came from those 
that assessed whether the presence of orthostatic hypotension (OH) 
was associated with an increased future risk of AF. The first of these 
studies, a prospective analysis of 33 346 community dwellers in the 
city of Malmö, Sweden28 demonstrated that the presence of OH; 
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defined as a decrease in systolic blood pressure of ≥ 20 mmHg  and/
or a decrease in diastolic blood pressure of  ≥ 10 mmHg  within 3 
minutes of standing was independently associated with the risk of 
AF during approximately 24 years follow up. A subgroup analysis 
indicated that hypertensive individuals with co-existing OH drove 
this effect.

 
In a prospective analysis of the 12 071 participants of the 

Atherosclerosis Risks in Communities (ARIC) study, there was 
a substantially increased risk of incident AF in patients with OH 
(18.4%) compared to those without (11.6%), over an 18-year follow 
up.29 When the authors adjusted for age, sex and the presence of 
concomitant risk factors (which perhaps also contribute to autonomic 
dysfunction), this relationship persisted and was similar in risk to 
either diabetes or hypertension in their multivariate model.

  
Psychological stress, in particular anger or hostility, is known 

to produce perturbations in autonomic activity.30 Here a surge 
in sympathetic activity and rise in catecholamines together with 
decreases in vagal activity have been observed in the laboratory setting 
in humans. In animals, correlated with an increase in catecholamines 
and reduced heart rate variability, protocols that reproduce social 
stress can trigger arrhythmia.31 In humans recent data by Lampert 
et al. 30  demonstrate that AF was more likely to occur during anger 
or stress and that this association was significantly attenuated in 
patients on ß-blockers (excluding sotalol). At a population level; the 
Framingham offspring cohort, which included 3873 participants in 
whom psychosocial questionnaires at a baseline visit were completed, 
the incidence of AF at up to 10 year follow up was higher in those 
with higher anger and hostility measures.32 

  
Perhaps the only direct measure of autonomic function at a 

population level, albeit limited to spectral heart rate characteristics 
(from short 2-minute electrocardiograph recordings) also comes from 
an analysis participants of the Atherosclerosis Risks in Communities 
(ARIC) study by Agarwal et al.25 This large prospective cohort study 
(11 715 participants) also had a long follow up of approximately 
20 years. Here, the major finding was that, despite adjustment for 
a variety of variables, lower resting heart rates and a lower overall 
variability of resting heart rate were highly suggestive of cardiac 
ANS dysfunction being associated with an increased risk of incident 
AF. Power spectral density – frequency domain characteristics of 
both heightened parasympathetic (High Frequency; HF) as well as 
sympathetic tone (ratio of Low frequency: High Frequency = LF:HF) 
were associated with incident AF. Given that the measurements are 
at rest and predict future incident AF; they are unlikely to implicate 
simple surges in the activity of both arms of the ANS as causative 
in the development of AF. Rather, it is more likely that there is 
an underlying dysfunction of the ANS present even during sinus 
rhythm and even at rest. This independent association with future 
incident AF boosts the hypothesis that chronic disturbances of the 
cardiac ANS, rather than acute shifts, contributes to the development 
of AF.[Table 1]

The role of autonomic dysfunction as a trigger of atrial fibril-
lation

The question as to whether AF may be related to acute perturbations 
in the ANS arose from early observational data that assessed the 
time of onset of a paroxysm of AF during a 24 hour period and 
found that there was bimodal distribution strongly resembling the 
circadian rhythm.8 The cardiac ANS comprises of sympathetic and 
parasympathetic divisions that can be afferent/signal processing or 
efferent nerves together with a large network of interneurons that 
form a plexus often denoted “the little brain on the mammalian 
heart.”33,34 Extrinsic sympathetic innervation to the heart arise mostly 
from the extra vertebral sympathetic chain, among which, the stellate 
ganglion is chief.27 However, the vagus nerve (which contains mostly 
parasympathetic nerves) has also been found to augment sympathetic 
tone, with immunohistochemical assessment of the vagus showing 
adrenergic neuron staining.27 The vagus nerve contains a mix of both 
motor and sensory neurons that innervate structures in the heart 
(sino-atrial and atrio-ventricular nodes, both atrial and ventricular 
myocardium as well as intrinsic cardiac ganglia).27 Afferent (sensory) 
inputs into the vagus nerve can arise from the pulmonary vein- left 
atrial junctions, sites known to be critical for the pathogenesis of 
AF.35  

The downstream effects of efferent atrial nerves on cellular 
electrophysiology to cause AF are well known and have been 
detailed previously.26,27 Adrenergic nerves release noradrenaline; 
which stimulates ß-adrenoreceptors through G-coupled proteins. 
The principal arrhythmogenic effect of adrenergic stimulation comes 
through its fundamental purpose enhancing myocardial calcium 
handling in order to produce cardiac contractility in the face of a 
“fight or flight” situation. 27 Adrenergic nerve- mediated activity of 
L-type calcium channels, increases calcium influx, resulting in action 
potential duration changes to enhance early after- depolarization. 
Owing to the increase in intra-cellular calcium, abnormalities in 
calcium-handling develop. First, there is calcium overload, resulting 
in the extrusion of calcium from the sarcoplasmic reticulum. Second, 
ryanodine type-2-receptor dysfunction occurs, exacerbating this 
process. The sodium/calcium exchanger ion channel (NCX), owing 
to its stoichiometry, disproportionately offloads 1 calcium ions from 
the cell in exchange for 3 sodium ions. This produces a net inward 
current responsible for triggering delayed after depolarization. 
Finally, adrenergic stimulation can also enhance automaticity. All 

Figure 1: “All roads lead to AF”: A “map” of the road to risk factors leading 
to autonomic dysfunction and then to AF. 
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which can produce AF.48 Interestingly, in addition to ganglionated 
plexus ablation, a variety of strategies to modulate the ANS, such 
as ß-blockers, renal denervation, low-level tragus stimulation and 
baroreceptor stimulation, have been shown to reduce AF vulnerability 
to OSA in pre-clinical studies.48 Further work is required to determine 
whether neuromodulation can be a useful adjunct in the treatment of 
OSA, particularly in those intolerant or non-adherent to continuous 
positive airway pressure treatment. 

Hypertension
Epidemiological studies have consistently identified hypertension 

as an important risk factor for AF.49,50 Although, several mechanistic 
studies have identified a hypertension related atrial substrate, there 
is cumulative evidence that in this group, sympathetic overdrive 
may be a significant contributor to this risk.2,51-54 The ANS has 
achieved significant attention in the pathogenesis of hypertension.11 
Techniques such as sympathetic nerve activity using MSNA, the 
spill-over of noradrenaline and heart rate variability have clearly 
shown a sympathetic “overdrive” that occurs at all severities of 
elevated blood pressure.11 Additionally, the increase in sympathetic 
activity parallels blood pressure increases; implicating a cause/
effect link.55 Indeed, these findings have been further extended to 
show that sympathetic over-activity is associated with and may be 
contributory to hypertension related end-organ  damage (vascular 
remodelling, left ventricular hypertrophy, and perhaps even diastolic 
dysfunction).11 

In a small group of pre-hypertensive individuals, MSNA at baseline 
and at 8 year follow-up demonstrated a correlation between MSNA 
and BP increase.56 In a comparison of young black men, who have a 
raised risk of hypertension, to white men, there was an exaggerated 
vasomotor response to sympathetic activity: where MSNA, itself, 
was not different between the groups.57 This suggests factors other 
than gross sympathetic motor tone are important in mediating the 
role of increased sympathetic nerve activity and high blood pressure. 
Although arterial baroreceptors and chemoreceptor deficits in heart 
rate control have been well established; there is no impairment in 
baroreceptor control of vasomotor tone.11,55 Cardiopulmonary 
receptors; found typically in veno-atrial junctions of the heart,58 that 
respond to changes in blood volume and inhibit efferent sympathetic 
outflow24 have been shown to be reversibly impaired in patients with 
hypertension and left ventricular hypertrophy.59  

Diabetes
The epidemiological association of AF with diabetes is well 

described and it is considered an independent risk factor for AF.49,60,61 
Recent work has demonstrated that in patients undergoing catheter 
ablation for AF, glycemic management results in significantly 
improved outcomes,62 highlighting the need for suitable targets 
to optimise (>10% reduction in HbA1c and a target of <6.5%).63 
Although there are likely a number of responsible mechanisms;63 
of which none have been clearly elucidated, it has been shown that 
diabetes (which is well known to cause autonomic neuropathy) can 
result in cardiac autonomic dysfunction; assessed using tests such 
as Valsalva maneuver, heart rate variability during deep breathing, 
heart rate and blood pressure responses to standing and the isometric 
handgrip test.64 It is proposed that cardiac autonomic dysfunction can 

these effects can occur at the level of the atrium and the pulmonary 
veins, triggering AF. 26,27 Cholinergic (parasympathetic) stimulation 
can result in shortening of the atrial effective refractory period by 
increasing the activity of IKACh (acetyl-choline receptor mediated 
inward rectifying potassium channel). This effect is heterogenous 
owing to the spatial differences in parasympathetic atrial 
innervation. 26 The combined contribution of both sympathetic and 
parasympathetic arms appears to be important in the development of 
AF with some caveats. In younger patients without structural heart 
disease, a spectrum of vagal triggers such as vaso-vagal syncope, after 
ingestion of a meal, at night, or during the recovery phase of exercise, 
can bring about a paroxysm of AF. 36 

Can atrial fibrillation risk factors cause an autonomic 
dysfunction that promotes atrial fibrillation?

The parallel increases in the prevalence of both, the development 
of AF as well as its risk factors may be underpinned by a shared 
mechanism. Here, we review each risk factor for AF, with specific 
reference to its association with autonomic dysfunction. The features 
of autonomic dysfunction due to risk factors and the proposed 
avenues toward the development of AF are summarised in Figure 1. 

Obesity
The role of obesity in the development of AF is well established. 

Firstly, through a strong epidemiological link, second through 
electrophysiological studies demonstrating atrial substrate 
development in obesity2,37,38 and finally, through the finding that 
weight loss together with a comprehensive risk factor management 
strategy can result in improved freedom from AF after catheter 
ablation39 and may even reverse the progression of AF.40 It is also well 
established that obesity9,41-45 including visceral obesity17 is associated 
with an increase in sympathetic tone, as assessed by direct muscle 
sympathetic nerve activity (MSNA). Importantly, 10% weight 
loss after gastric banding procedure in severely obese patients led 
to a reduction in MSNA concomitant with improved cardiac and 
sympathetic baroreflex function.46    

Obstructive Sleep Apnea
Obstructive sleep apnea (OSA) has been identified as an 

independent risk factor for AF.5,10 The acute effect of obstruction 
results in thoracic impedance changes which increase cardiac venous 
return and left atrial stretch, with associated electrophysiological 
changes such as reduced atrial effective refractory period and 
consequent AF vulnerability.2,47 In parallel with these acute effects, 
there is also increased ganglionated plexus activity with reduced 
susceptibility to AF after ganglionated plexi ablation, atropine 
and vagotomy.2 These observations strongly implicate the ANS 
in the pathophysiology of AF due to OSA. Additionally, an acute 
obstructive event also initiates the diving reflex, hypoxia and arousals 
that induce surges in both parasympathetic and sympathetic activity, 
which could promote the onset of AF.26 Finally, repetitive airway 
obstruction can result in chronic effects that include the development 
of atrial fibrosis and electrical remodelling, both of which contribute 
to AF maintenance,2 OSA can also result in autonomic remodelling 
with both sympathetic and parasympathetic atrial hyperinnervation, 
baroreceptor dysfunction, and chronic sympathetic activation, all of 
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increases in ß-adrenergic density.71 A number of studies also report 
an increase in MSNA due to alcohol.72 

Finally, acute alcohol ingestion, which is a cause of syncope and 
orthostatic intolerance, is associated with an impaired homeostatic 
reflex response to decreased venous return, elicited by a non-invasive 
technique (Lower Body Negative Pressure; LBNP).72,73 Whilst 
under normal circumstances, blood pressure is maintained due to 
vasoconstriction,74 alcohol ingestion results in significant decreases 
in blood pressure and absent vasoconstriction. Although this reflex 
deficit could potentially be confounded by the known vasodilatory 
effect of alcohol, Carter et al.72 showed a concomitant deficit in the 
MSNA response to LBNP, which provides strong evidence to the 
contrary. Moreover, separate studies report baroreceptor dysfunction 
due to alcohol,75 implicating cardiac afferent neurotoxicity. Therefore, 
not only can alcohol cause perturbations in autonomic tone and 
autonomic remodelling, it may also lead to autonomic deficits, thus, 
providing a pathway to the development of AF.  

Smoking
There is an epidemiologic link between smoking and the long 

term risk of developing AF, with the highest risk in those with the 
largest intake, and somewhat decreased risk in those who quit.76 
There is no direct evidence linking the ANS to smoking as a risk 
factor. The pathophysiologic link is presumed to be related to the 
development of other risk factors in smokers – such as inflammation, 
hypertension and vascular disease. Nevertheless, there is strong 
evidence that cigarette smoking causes an increase in sympathetic 
activity.12 Middlekauff et al.12 provide a comprehensive review of the 
role of nicotine as well as fine particulate matter from tobacco in 
the development of autonomic dysfunction. Both acute and chronic 
effects result in an increase in sympathetic nerve activity, which can at 
least partially account for the epidemiologic association of smoking 
with AF. 

Smoking causes acute increases in heart rate, blood pressure and 
contractility due to the effect of nicotine to increase noradrenaline 
from peripheral sympathetic efferent nerve terminals77,78 as well as 
a rise in sympathetic nerve activity. Whilst several mechanisms may 
be responsible for chronic increases in SNA, a number of studies 
demonstrate a consistent attenuation of afferent nerves, particularly 
the baroreceptors found in the heart and blood vessels. While under 
normal circumstances, the baroreflex would counter the effect of 
nicotine on sympathoexcitation, smoking results in dysfunction, 
permitting unchecked sympathetic activity.12,79  This effect appears 
to be reversible; encouraging the role of smoking cessation as a 
component of risk factor management. 

Physical inactivity
Physical activity is associated with a reduced risk of AF in a 

number of studies and it can offset AF risk in obese individuals.80,81 A 
sedentary lifestyle is not only strongly linked to both cardiovascular 
disease as well as mortality, it is associated with autonomic 
dysfunction.13 Similar to the other risk factors, as described above, 
physical inactivity is associated with sympathetic hyperactivity, 
and baroreceptor dysfunction owing to an enhanced baro-reflex 

cause tachycardia, reduced exercise capacity, orthostatic intolerance 
(together with peripheral blood vessel sympathetic denervation) and 
perhaps even silent myocardial ischemia. 64 

In an animal model of diabetes, atrial refractoriness, atrial 
conduction velocity and AF inducibility were not different to 
control rats at baseline; however, diabetic rats showed a heightened 
susceptibility to AF from sympathetic stimulation, together with 
histologic evidence of sympathetic nerve remodelling.15 This link 
has also been demonstrated in humans, where the burden of AF 
in diabetics was strongly correlated with LF/HF ratio, a frequency 
domain spectral characteristic of heart rate variability thought 
to represent a marker of sympathetic activity.65 Overall (time-
domain) heart rate variability was not reported in this study, which 
is a significant limitation. Direct measures of sympathetic nerve 
activity (MSNA and noradrenaline spill-over) show that diabetes is 
associated with both an increased central sympathetic drive as well 
as an impairment in the sympathetic responses to a carbohydrate 
load.16 Therefore, there is modest evidence that implicates autonomic 
dysfunction as a mediator of the elevated risk of AF associated with 
diabetes. 

Alcohol excess
The role of alcohol as a dose-dependent risk factor for AF is well 

known.14 A recent meta-analysis has demonstrated that moderate 
levels of alcohol consumption are associated with increased risk of 
AF.66 A randomised intervention study has shown that in patients with 
AF, abstinence results in reduced recurrence at 6 months follow up.67  
A variety of mechanisms have been proposed. However, the direct 
effect of alcohol as neurotoxin68 resulting in autonomic dysfunction is 
likely to be  important. Acute ingestion of alcohol is associated with 
a decrease in heart rate variability69,70 and diminished vagal heart 
rate modulation in healthy adults.69 Sympathetic hyperactivity was 
observed in patients with coronary artery disease70 and with a history 
of AF, in whom alcohol ingestion was associated with increased 
sympathetic tone (assessed using heart rate variability) together with 

Table 1: Autonomic dysfunction and the incident risk of AF at a population 
level

Study Measure Population Study 
size

Mean 
Age

Average 
follow 
up 
duration 
(years)

Multivariate 
adjusted 
risk of the 
incidence 
of AF

Direct evidence of autonomic dysfunction 

Agarwal et 
al.25

Heart Rate 
Variability

Atherosclerosis 
Risks in 
Communities 
(ARIC)

11, 
715

54±6 20 1.14 (CI; 
1.08 – 1.21): 
per each SD 
lower HRV.

Indirect evidence of autonomic dysfunction 

Fedorowski 
et al.28

Orthostatic 
hypotension 

Malmö, 
Sweden

33, 
346

46±7 24 1.30 (CI; 1.05 
– 1.61)

Agarwal et 
al.29

Orthostatic 
hypotension

Atherosclerosis 
Risks in 
Communities 
(ARIC)

12, 
071

55±6 18 1.4 (CI; 1.15-
1.71)

Eaker et 
al.32

Psychosocial: 
Anger and 
Hostility 
measures

Framingham 
offspring

3,873 49±10 10 1.2 (CI; 1.0-
1.4): Anger & 
1.3 (1.1-1.5): 
Hostility

SD = Standard Deviation. CI = confidence Interval. HRV = Heart Rate Variability (SD normal-normal 
RR interval).
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pacing induced AF produced hyperinnervation of efferent sympathetic 
nerves (assessed with both Positron Emission Tomography using 
[C-11] hydroxyephedrine labelled sympathetic nerve terminals as 
well as tissue noradrenaline content.21 Heterogeneity of sympathetic 
innervation was also seen, which correlated with electrophysiological 
remodelling (atrial refractoriness). Finally, propranolol blunted 
these effects at 6 weeks, whereas others have shown that acutely, 
ß-blockade does not. These data suggest that AF itself promotes 
atrial autonomic remodelling.21 Further evidence of longer term 
autonomic remodelling (> 6 weeks of pacing induced AF in dogs) 
comes from immunohistochemical assessment of the cardiac intrinsic 
ganglia, which has shown an increase in both sympathetic22,23 and 
parasympathetic neurons.23

 
In patients with heart failure and chronic AF, assessment of single 

unit MSNA, which provides the advantage of detailed assessment of 
sympathetic activation per cardiac cycle and overcomes the limitations 
of multiunit MSNA recording during AF, has demonstrated an 
increase in sympathetic activity over heart failure patients in sinus 
rhythm.87 More importantly, variability in the R-R interval in AF 
was found to be associated with changes in sympathetic nerve 
activity. Specifically, lengthening of the R-R interval (with associated 
reduction in diastolic pressure) results in greater single unit MSNA.87 
This strongly implicates that AF itself is responsible for the increase 
in sympathetic activity. Although the precise mechanisms by which 
this occurs has not been extensively evaluated, a longer R-R interval 
could unload arterial baroreceptors; augmenting sympathetic 
activity.26,87 Indeed, Gould et al.88 have shown impaired sympathetic 
responses to passive head-up tilt (which unloads baroreceptors) in 
patients with heart failure during AF in comparison to those in sinus 
rhythm. In patients with persistent AF referred for cardioversion, 
baroreflex abnormalities were corrected by restoring sinus rhythm.89

 
Finally, we have shown that patients who have symptomatic 

paroxysmal AF referred for catheter ablation and studied in sinus 
rhythm; have an impairment of the reflex response to Lower Body 
negative Pressure (LBNP) in comparison to age and sex matched 
healthy adults.24 The normal response to LBNP has already been 
discussed in the text. By decreasing cardiac venous return, LBNP 
deactivates receptors (known as cardiopulmonary, volume sensitive or 
stretch receptors) found mostly in veno-atrial junctions in the heart, and 
surrounding the pulmonary veins.35,58 This results in vasoconstriction 
in order to maintain blood pressure. Therefore, these receptors are 
important in the regulation of cardiac volume.74 Although the deficit 
could occur anywhere along the reflex arc, we demonstrated that 
successful AF ablation outcome (at a minimum of 3  months after 
the procedure and up to 2 years) resulted in improvement of this 
reflex. Moreover, these abnormalities were identified in sinus rhythm 
in patients with paroxysmal AF, as opposed to during AF only; highly 
suggestive that cardiac autonomic remodelling was responsible for 
these differences. Further, such abnormalities in autonomic function 
could also contribute to sequelae of AF; such as an independently 
increased risk of falls and orthostatic intolerance in older adults,90 
diminished cerebral blood flow during AF,91 which may contribute 
to the risk of cognitive decline & dementia92 as well as heart failure93 
owing to dysregulation of cardiac volume. 

initiated sympathetic outflow. More recently, destructive changes in 
the central nervous system centres that control sympathetic outflow 
(RVLM; Rostral Ventrolateral medulla) have been described that 
result in an increase in sympathetic nerve activity.13 Indeed, it is 
proposed that physical inactivity may contribute to the development 
of hypertension due to the increased sympathetic activity.13 

Although the benefits of physical activity, especially in terms of 
AF risk are widely accepted; excessive physical activity, particularly 
endurance exercise, is also associated with an increased risk of 
AF.82 The mechanisms underlying this association are not well 
understood; although heightened parasympathetic activity that result 
in electrophysiological changes in the atrium (shortening refractory 
periods) due to acetylcholine dependent potassium channels  may 
play a role.82,83 A rat model of endurance training has demonstrated a 
temporal association with vagal activation (both efferent atrial effects 
and baroreceptor augmentation) coupled with AF inducibility; that 
wanes with cessation of excessive physical activity.84 

Bi-directional relationship between atrial fibrillation and 
cardiac autonomics: “AF begets AF”

The clinical progression of AF – and the dictum “AF begets AF” is 
well understood.85 There is overwhelming evidence that risk factors 
for AF may at least partially mediate their impact through autonomic 
dysfunction. Autonomic dysfunction may even potentiate risk factors 
such that cardiovascular disease, including AF may become much 
more likely in patients with more than one risk factor. Similarly, there 
is a strong link between autonomic dysfunction and the development 
of AF. Therefore, it is with substantial precedent that we hypothesise 
a bidirectional relationship between ANS dysfunction and the 
incidence of AF (Figure 2)

Traditionally, the role of the ANS in the development of AF 
has been moulded from the concept that acute perturbations in 
autonomic tone can cause functional (reversible) abnormalities 
in atrial electrophysiologic properties that result in a “bout” of 
AF.27 There is increasing evidence to support chronic changes in 
autonomic function (autonomic remodelling) at the level of the 
atria due to AF.21-23 Animal studies have shown that atrial phenol 
application to produce heterogenous sympathetic denervation results 
in electrophysiological substrate development as well as substantially 
increased AF inducibility.86 In another study in canines, 6 weeks of 

Figure 2: The bidirectional relationship of AF and the autonomic nervous 
system.
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Clinical implications and perspective for future research
A thorough understanding of the important role that the ANS 

plays in the development of cardiovascular diseases, particularly 
AF, could present us more potentially effective methods to mitigate 
AF risk in susceptible individuals as well as halt its progression. 
Measurement of autonomic activity may provide a better marker of 
risk in individuals with one or more risk factors for AF. Strategies 
to manage risk factors could be refined to better modulate the ANS, 
such as individualised targets of weight loss using sympathetic 
activity as a guide, management of hypertension using agents that 
dampen down central sympathetic activity, advising particular kinds 
of physical exertion, or psychological techniques such as mindfulness 
or yoga to reduce autonomic perturbations that could trigger AF. In 
patients with established AF, neuromodulation techniques, which 
have already shown to be useful in reducing the burden of AF,18,26 
may also delay its progression. Indeed, neuromodulation can also be 
considered in those who are unable to manage their risk factors by 
lifestyle adjustments or during the period in which they are making 
changes. 

Future work should initially focus on a large-scale characterization 
of autonomic function across a wide spectrum of individuals with 
AF in order to determine whether autonomic dysfunction parallels 
AF severity with a focus on cardiovascular reflex testing in order to 
understand the role of afferent inputs that regulate central autonomic 
outflow. 

Lastly, delineating the mechanisms responsible for afferent ANS 
dysfunction and its integration into higher centres to control overall 
autonomic activity warrants attention. This is an area that has been 
thus far neglected and may provide important insights into both the 
progression of AF; specifically, whether this represents an additional 
mechanism of atrial remodelling, as well as represent the missing 
mechanistic link between AF and its consequences such as heart 
failure,94 falls and orthostatic intolerance90 and perhaps even cognitive 
decline and dementia.92

Conclusion
Through a combination of epidemiological association as well as 

mechanistic studies, there is considerable evidence to suggest the 
concept that the ANS may form an integral link between lifestyle-
based risk factors and the development of AF. Potentially this 
relationship may extend to be one of the drivers of disease progression. 
Therefore, we propose that the role of the ANS is quite literally an 
important section of the “road” that leads to AF. 
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