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Atrial Fibrillation – An Orchestra of Classic and  
Modern Risk Factors
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Over the past years, prevention and control of risk factors has begun to play an important role in the management of patients prone to develop 
atrial fibrillation (AF). A considerable number of risk factors that contribute to the creation of a predisposing substrate for AF has been identified 
over the years. Although certain AF risk factors such as age, gender, genetic predisposition, or race are unmodifiable, controlling modifiable 
risk factors may represent an invaluable tool in the management of AF patients. In the recent decades, numerous studies have evaluated the 
mechanisms linking different risk factors to AF, but the exact degree of atrial remodeling induced by each factor remains unknown. Elucidat-
ing these mechanisms is essential for initiating personalized therapies in patients prone to develop AF. The present review aims to provide an 
overview of the most relevant modifiable risk factors involved in AF occurrence, with a focus on the mechanisms by which these factors lead 
to AF initiation and perpetuation.
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Introduction
Atrial fibrillation (AF), the most common sustained car-
diac arrhythmia, can represent both a cause and a conse-
quence of numerous cardiac and non-cardiac diseases. The 
prevalence of AF is steadily increasing with the aging of the 
population and the presence of the arrhythmia is associ-
ated with a substantial number of risk factors and clinical 
outcomes [1]. Numerous AF risk factors have been identi-
fied, with a variable degree of reversibility (Table I).

Moreover, a two-way relationship appears to exist be-
tween AF and many of its risk factors. Factors such as ar-
terial hypertension, aging, heart failure, or ischemic heart 
disease have long been recognized as major AF risk fac-
tors [1]. Another series of factors such as diabetes mellitus, 
obesity, sedentary lifestyle, obstructive sleep apnea, chronic 
kidney disease (CKD), and chronic obstructive pulmonary 
disease (COPD) have been added to this list of AF risk fac-
tors more recently [1,2]. Recent studies have also described 
a relationship between behavioral and environmental fac-

tors, including smoking, chronic alcohol consumption, 
and air pollution, and AF [1]. Atrial fibrillation patho-
physiology has been linked to electrical, structural and au-
tonomic abnormalities, and all risk factors involved in AF 
pathogenesis have been shown to induce one or several of 
these abnormalities (Figure 1).

The present review aims to provide an overview of the 
classic and more modern modifiable AF risk factors and 
to discuss the main mechanisms through which these fac-
tors promote the initiation and/or maintenance of non-
valvular AF.

Arterial Hypertension
In the Framingham Heart Study cohort, high blood pres-
sure was associated with a 1.8-fold increased risk of de-
veloping AF, and, given the increased prevalence of high 
blood pressure among the study patients, hypertension was 
responsible for 14% of all AF cases [1]. Particularly, a posi-
tive correlation was found between AF and systolic blood 
pressure [2]. 

In addition to inducing ventricular hypertrophy and 
atrial dilation, arterial hypertension has also been shown to 
cause hypertrophy at the atrial level, which could contrib-
ute to the increased risk of AF in this setting [3]. Reduced 
left atrial function and progressive atrial fibrosis associated 
with inflammatory infiltrates have also been reported [3]. 
Overactivation of the renin-angiotensin-aldosterone sys-
tem (RAAS) has been incriminated as the most relevant 
mechanism involved in this hypertension-induced atrial 
proarrhythmic remodeling [4,5]. Increased expression of 
the angiotensin-converting enzyme and abnormal angio-
tensin II type 1 and type 2 receptors expression have been 
reported in this setting [4,5].  Meanwhile, candesartan, an 
angiotensin II type 1 receptor blocker, was shown to ef-
ficiently block angiotensin II-induced collagen synthesis 
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Table I. Atrial fibrillation risk factors

Unmodifiable risk 
factors

Modifiable risk 
factors

Partially modifiable risk 
factors

Age Obesity Arterial hypertension

Gender Sedentary lifestyle Diabetes mellitus

Genetic background Physical activity Heart failure

Race Smoking Ischemic heart disease

Alcohol consump-
tion

Chronic kidney disease

Air pollution Obstructive sleep apnea

Chronic obstructive pulmo-
nary disease
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and to reduce atrial fibrosis in a hypertensive rat model [6]. 
Decreased intra-atrial conduction velocity, together with 
increased heterogeneity and increased duration of atrial ef-
fective refractory periods (ERPs), has also been reported in 
the presence of arterial hypertension [3]. Sympatho-vagal 
imbalance has been identified more recently as a contribu-
tor to AF occurrence in this setting. In spontaneously hy-
pertensive rats, reduced sympathetic tone and relative vagal 
hyperactivity have been shown to precede and favor AF oc-
currence [7]. In that study, increased sympathetic tone in-
duced by emotional stress restored the autonomic balance 
and decreased the number of arrhythmic events, whereas 
parasympathetic stimulation significantly increased atrial 
arrhythmic burden and triggered AF [7].

Heart failure
Whereas heart failure is seen as a major risk factor for AF, 
AF can also be seen as a contributing factor to heart failure 
[1,8]. In a cohort study, 26% of the patients diagnosed 
with heart failure developed AF over a mean follow-up of 
4.2 years, whereas the incidence of heart failure among AF 
patients was 33 per 1,000 person-years [8].

In an experimental study in dogs, heart failure was as-
sociated with atrial fibrosis, whereas treatment with pirfe-

nidone, an anti-fibrotic agent, attenuated these structural 
changes and significantly decreased AF susceptibility [9]. 
Changes in intracellular calcium, characterized by in-
creased calcium transient amplitude and sarcoplasmic re-
ticulum calcium overload, also appear to provide an AF-
susceptible substrate in this setting [10]. Prolonged ERP 
and action potential duration, predisposing to early af-
terdepolarizations, have been reported in dogs with heart 
failure [9,10], probably due to decreased activities of the 
transient outward K+ current (Ito) and of the slow delayed 
rectifier current (IKs) [11]. Increased activity of the Na+/
Ca2+ exchanger has also been reported in those dogs, fa-
voring delayed afterdepolarizations and AF [11]. However, 
neurohormonal activation, characterized by increased re-
lease of catecholamines and angiotensin II, appears to be 
the main mechanism linking heart failure to AF [12,13], 
whereas angiotensin II receptors blockers and angiotensin-
converting enzyme inhibitors have been shown to effi-
ciently prevent AF occurrence in this setting [14].

Ischemic heart disease
Ischemic heart disease and AF often coexist in the same pa-
tient and can potentiate one another [15]. In the Framing-
ham Heart study cohort, one fourth of men with coronary 

Fig. 1. Schematic representation of the mechanisms linking atrial fibrillation (AF) to its major risk factors. The figure depicts the effects of 
AF risk factors on the atria, which will ultimately lead to AF initiation and/or maintenance.
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heart disease developed chronic AF [16]. The risk to devel-
op transient AF was four times higher in women with than 
in those without coronary heart disease, although there 
was no significant association between coronary heart dis-
ease and chronic AF [16]. In the same study, a 3-fold and 
a 9-fold increase in the risk of developing transient AF was 
also reported in men and women with a previous acute 
coronary syndrome, respectively [16]. Inflammation, a key 
player in the pathogenesis of coronary artery disease, has 
been shown to promote AF via structural, electrical, and/
or autonomic remodeling [15]. In a study on rabbit isolat-
ed left atria, hypoxia induced electrophysiological changes 
characterized by increased ERP and decreased conduction 
velocity, increasing vulnerability to reentry [17]. In dogs, 
atrial ischemia led to local conduction slowing, favoring 
AF maintenance [18]. Finally, ischemic heart disease leads 
to myocardial dysfunction and heart failure, which are in-
dependent risk factors for AF [1,8].

Diabetes mellitus
Numerous studies have reported an increased incidence of 
AF in diabetic patients and a linear relationship has been 
observed between both the duration of diabetes and HbA1c 
levels and AF risk [19]. However, the diabetes mellitus-AF 
relationship is far from clear. Although a large amount of 
data indicates diabetes mellitus as an independent risk fac-
tor for AF, to date, there is no definitive proof that diabetes 
per se is sufficient to ensure AF occurrence [19].

Nevertheless, in female patients, impaired glucose tol-
erance was associated with increased left ventricular mass 
[20], a known AF risk factor. The systemic inflammatory 
syndrome commonly encountered in diabetic patients [19] 
has also been placed amongst the mechanisms linking dia-
betes to AF. Increased interleukin-6 and C-reactive protein 
(CRP) levels have been identified in diabetic patients [19], 
whereas inflammation is known to precipitate AF. Increased 
fibrosis was also observed in rats with type II diabetes com-
pared to controls, leading to intra-atrial conduction abnor-
malities [21]. Electrical remodeling of the atria has been 
reported in diabetic rats, as well as in patients with abnor-
mal glucose metabolism, which displayed intra-atrial con-
duction abnormalities and decreased atrial voltage [21,22]. 
Finally, in diabetic rats, inducibility of sustained AF was 
associated with heterogeneous cardiac sympathetic dener-
vation and homogenous cardiac parasympathetic denerva-
tion, and both sympathetic and parasympathetic stimula-
tion have been shown to increase AF occurrence [23].

Obesity
Numerous population-based studies have associated obe-
sity with an increased risk of AF [2,24]. A 4% increase 
in the risk of AF was observed for each unit added to the 
body mass index [24], whereas in patients with paroxys-
mal or persistent AF, weight loss had a dose-dependent 
effect on maintaining sinus rhythm and reducing the risk 
of recurrent AF [25].

In sheep, obesity was associated with left atrial enlarge-
ment, atrial fibrosis, and pericardial lipid deposits, con-
tributing to AF initiation and maintenance [26]. Direct 
release of inflammatory cytokines by the epicardial fat has 
also been incriminated in AF occurrence in obese patients, 
via pericardiac ganglionated plexuses stimulation, para-
sympathetic-induced ERP shortening and intra-atrial con-
duction slowing, and sympathetic-induced increase in cal-
cium transient in the atria and the pulmonary veins [15]. 
In patients undergoing pulmonary vein isolation, obesity 
has been associated with shorter ERP [27], although in-
homogeneous action potential prolongation has also been 
reported as a potential AF predisposing factor in obese pa-
tients [28].

Obstructive sleep apnea
Extensive evidence has associated sleep apnea with an in-
creased risk of developing AF [29]. In addition, sleep apnea 
and AF share a number of risk factors such as hypertension, 
obesity, diabetes mellitus, and coronary artery disease [2]. 
The Sleep Heart Study, which compared patients without 
sleep-disordered breathing with patients with obstructive 
sleep apnea, reported a 4-fold higher prevalence of AF in 
the latter [29], whereas continuous positive airway pres-
sure treatment decreased AF risk in this setting [2].

Repeated forced inspiration leading to decreased in-
trathoracic pressure favors atrial filling and increases intra-
atrial pressure, leading to atrial enlargement and AF [30]. 
Hypoxia and hypercapnia produced during repeated apnea 
episodes activate the chemoreceptor reflex, induce auto-
nomic dysfunction, and increase the blood pressure, thus 
favoring AF occurrence [31]. Inflammation, as evidenced 
by increased oxidative stress and elevated CRP levels, also 
appears to promote atrial remodeling and AF in these pa-
tients [32]. In addition, the hypercapnia that occurs during 
apnea episodes has been associated with a uniform increase 
in ERP and with slowed intra-atrial conduction, mediated 
by chemoreceptor-induced sympathetic activation [33], 
while application of a negative pressure during tracheal oc-
clusion, associated with vagal activation, induced a signifi-
cant decrease in ERP [34].

Sedentary lifestyle and physical activity
There is a nonlinear relationship between physical activity 
and AF; both sedentary lifestyle and intense physical activ-
ity have been associated with increased AF risk [35,36]. In 
a retrospective cohort study assessing the impact of car-
diopulmonary fitness on AF risk, a 7% decrease in AF risk 
was observed for each metabolic equivalent added during 
treadmill testing [35]. At the opposite pole, a 5-fold higher 
risk of AF has been reported in athletes, compared to the 
general population [36].

The association between reduced physical activity and 
AF risk factors including diabetes, obesity, and hyperten-
sion, is probably one of the main mechanisms by which 
sedentary lifestyle increases AF risk [37]. Adiposity-asso-
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ciated inflammation has been observed in patients with 
physical inactivity, further contributing to atrial proar-
rhythmic remodeling [38]. The increased sympathetic tone 
generally present in these people could also contribute to 
AF by promoting early and/or delayed afterdepolarizations 
[39].

Meanwhile, elevated levels of fibrosis biomarkers have 
been reported in athletes [40] and atrial fibrosis has been 
highlighted by histological examination in physically 
trained rats [41]. Atrial dilation, induced by intense physi-
cal training as an adaptation to the increased cardiac out-
put, also contributes to AF susceptibility in this setting 
[41]. Finally, autonomic imbalance has also been incrimi-
nated in AF occurrence in trained athletes. Parasympathet-
ic-induced bradycardia, commonly seen in athletes, has 
been associated with ERP shortening, increased likelihood 
of reentry, and higher risk of AF occurrence [42].

Chronic kidney disease
Chronic kidney disease is recognized as a strong predictor 
of cardiovascular events, including AF [43]. The associa-
tion between CKD and new-onset AF has been reported 
in several population-based studies and an increased risk of 
developing AF has been seen in patients with glomerular 
filtration rate below 60 ml/min/1.73 m2 [43].

In patients with CKD, the primary role in atrial proar-
rhythmic remodeling has been attributed to RAAS acti-
vation [14]. Low-grade inflammation and increased oxi-
dative stress, commonly seen in patients with CKD, may 
also play an important role in this regard [44]. Meanwhile, 
in a model of renal failure in rats, administration of anti-
oxidant agents significantly reduced AF inducibility [44]. 
Increased levels of catecholamines and enhanced norepi-
nephrine hypersensitivity, typically seen in CKD patients, 
may also contribute to increased AF susceptibility in this 
setting [45].

Chronic obstructive pulmonary disease
Numerous studies have linked the presence and the exac-
erbations of COPD with an increased risk of AF [46,47], 
whereas forced expiratory volume was negatively correlated 
with AF occurrence [48]. The role of hypoxia as a possi-
ble mechanism for AF promotion in the setting of COPD 
remains controversial. While some studies have failed to 
demonstrate a direct effect of hypoxia on the electrophysi-
ological properties of atria [33], others described a hypox-
emia-induced inhomogeneous conduction of premature 
wavefronts, shortened wavelength [18], and sympathetic 
overactivation [31]. Meanwhile, a consensus seems to have 
been reached regarding the impact of hypercapnia on the 
electrophysiological properties of the atria. Hypercapnia-
induced atrial conduction slowing and ERP prolongation 
appear to create a substrate for AF, even after carbon diox-
ide returns to normal values [33]. In COPD patients, AF 
occurrence has been linked to prolonged atrial depolariza-
tion and electromechanical delay [49]. Increased oxidative 

stress and systemic inflammation have also been observed 
in COPD patients [50]. Increased right atrial volume sec-
ondary to right ventricular systolic dysfunction and pul-
monary arterial hypertension could further increase the AF 
risk in this population [46].

Smoking
Both current and former smokers seem to have increased 
risk of developing AF and a dose-response relationship 
appears to characterize this association [51]. Indirectly, 
smoking predisposes to myocardial infarction, heart fail-
ure, and COPD, all of which are independent risk factors 
for AF. However, the smoking-AF association appears to 
extend far beyond these smoking-related conditions. One 
of the main mechanisms by which tobacco smoking in-
duces AF appears to be myocardial ischaemia, mainly due 
to decreased blood oxygen carrying capacity, coronary va-
soconstriction, and accelerated atherosclerosis [52]. Inter-
stitial fibrosis that occurs in these patients has been attrib-
uted to increased transforming growth factor β (TGF-β) 
and type II TGF-β receptors levels [53]. Nicotine-induced 
autonomic dysfunction, characterized by down-regulation 
of beta-adrenergic receptors and increased release of cate-
cholamines, has also been incriminated in AF development 
[54]. Although the effect of nicotine on atrial ion channels 
has not been studied, at the ventricular level, nicotine-in-
duced blockade of the inward rectifier potassium channels 
could promote ectopic and triggered activity and induce 
arrhythmias [55].

Alcohol consumption
The association between alcohol consumption and AF ap-
pears to be dose- and gender-dependent [56]. Whereas 
low alcohol intake does not seem to be associated with AF, 
moderate alcohol consumption has only been associated 
with AF in males, and a gender-independent association 
has been observed between high doses of alcohol and AF 
occurrence [56]. An association between excessive acute 
alcohol intake and cardiac arrhythmias, known as the 
“Holiday heart syndrome”, has also been described [56]. 
One of the mechanisms explaining the alcohol intake-AF 
association relies on the proarrhythmic effect of acetalde-
hyde, the primary metabolite of alcohol, on the Purkinje 
fibers [57]. To date, the effect of alcohol consumption on 
atrial structural remodeling has not been adequately stud-
ied. Qiao et al. recently reported an association between 
alcohol consumption and the presence of low-voltage ar-
eas, speculating a relationship between alcohol consump-
tion and atrial fibrosis [58]. Meanwhile, alcohol-induced 
electrical remodeling has been studied more extensively. 
Prolonged (120-h) exposure of rabbits to high intravenous 
alcohol infusion resulted in a significant decrease in ICa-L 
and sodium current (INa) density [59]. Decreased ERP and 
prolonged intra-atrial conduction have also been reported 
following alcohol ingestion in patients undergoing electro-
physiological study [60]. Changes in the duration of the P 
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wave and of the PR interval further support proarrhyth-
mic intra-atrial conduction prolongation following alcohol 
consumption [61]. Finally, autonomic dysfunction may 
also contribute to alcohol intake-related AF. In healthy in-
dividuals, acute alcohol ingestion has been associated with 
a decrease in short-term heart rate variability (HRV) and 
with an increase in low-to-high-frequency (LF/HF) HRV 
components ratio, suggesting that sympathetic overactivity 
may be involved in binge drinking-related AF [62].

Air pollution
Epidemiological evidence, mostly derived from studies in 
patients with implanted cardioverter defibrillators, associ-
ates air pollution with an elevated risk of AF [63], mainly 
via pollution-induced inflammation [64]. In addition, in-
creased levels of pollutants, particularly carbon monoxide 
and carbon black, have been associated with HRV reduc-
tion [65]. Carbonaceous particles have also been shown to 
increase the LF/HF ratio, demonstrating an increased sym-
pathetic activity in this setting [65]. Increased complexity 
of the P wave and PR prolongation as a result of acute 
exposure to particulate matter < 2.5 μm in aerodynamic 
diameter have also been linked to increased AF vulnerabil-
ity, although the exact mechanisms by which these changes 
occur remain to date unknown [66]. Finally, air pollut-
ants can also favor AF occurrence by inducing COPD and 
heart failure exacerbations and/or by aggravating coronary 
artery disease [63].

Clinical Implications
Over the time, clinical and experimental studies have 
identified a variety of AF risk factors and provided insights 
into their mechanistic links to AF genesis. Elucidating the 
mechanisms by which various risk factors lead to AF has 
an indisputable role in identifying new prevention meth-
ods. While AF risk factors such as age are unmodifiable 
(Table I), correction of the numerous modifiable AF risk 
factors could considerably reduce the AF burden. Indeed, 
studies have shown that lifestyle changes and/or treatment 
of clinical conditions commonly associated with AF lead 
to a significant decrease in the risk of new-onset AF [67]. 
Although numerous AF risk factors have been identified, 
clinical risk scores have a limited capacity to predict AF, 
highlighting once more the complexity of this arrhyth-
mia. Patients often display multiple AF risk factors, and 
AF mechanisms are probably different from one patient 
to another. All this suggests that patients at risk of AF 
probably require a personalized approach and that risk 
factors management requires an integrated multidiscipli-
nary strategy.

Conclusion
In their vast majority, AF risk factors play an important 
role in inducing proarrhythmic atrial structural, electrical, 
and/or autonomic remodeling, but they also often contrib-
ute to the development of other risk factors, which will in-

dependently contribute, at their turn, to AF initiation and 
maintenance. Elucidating the mechanisms by which these 
factors contribute to AF initiation and perpetuation is ex-
pected to provide a basis for new antiarrhythmic strategies. 
In the meantime, adequate management of modifiable AF 
risk factors could represent a valuable tool for reducing the 
AF burden in the general population.
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