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Introduction
Atrial fibrillation (AF) is the most common form of sustained cardiac 

tachyarrhythmia. It is thought that 6-12 million people will suffer from 
AF in the US by 2050 and approximately 18 million people in Europe 
by 20601-3.AF incurs a significant economic burden as it is a major risk 
factor for stroke, resulting in high rates of hospitalization, morbidity, 
and mortality4-6. The prevalence of AF is low among young individuals 
(<1% in people younger than 40 years) but increases with age, reaching 
between 10% and 17% in those older than 80 years7. Importantly, AF 

shares strong epidemiological associations with other conditions, 
including heart valve disease, diabetes mellitus, hypertension, obesity, 
metabolic syndrome, sleep apnea and inflammation8, 9.Other less 
common causes are restrictive cardiomyopathies such as amyloidosis, 
constrictive pericarditis, cardiac tumors, and severe pulmonary 
hypertension10. Recent work has also provided evidence that alcohol 
consumption and physical activity may play an important role in AF11. 
Although studies have shown that genetic factors can contribute to 
AF 12, when 1.4 million Medicare patients having 375,000 incident 
episodes of AF over 3.2 years were studied with respect to different 
races, the incidence (per thousand person-years) of other races was 
comparable to that of the Caucasian population; Caucasian (35.7), 
African American (28.2), Hispanic (26.9), Asian (26)13. Taken together, 
these studies suggest that genetic factors alone cannot explain the 
global prevalence of AF and that lifestyle practices do indeed play an 
important role. Given the increase in the incidence of AF worldwide, 
it is critical to investigate the potential impact of non-genetic factors 
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Abstract
Background: Atrial fibrillation (AF) is the most common form of cardiac arrhythmias and often results in complications associated with 

high morbidity and mortality. While genetic factors undoubtedly play an important role in AF prevalence and pathophysiology, recent studies 
have begun to uncover equally important contributions from non-genetic factors such as lifestyle habits, age, and gender. Despite advances 
in AF research, many questions remain unanswered.

Objective: Our main objective is to examine whether non-genetic factors have a causative role or exacerbate pre-existing AF. Our secondary 
objective is to identify opportunities for lifestyle changes that could help in mitigating risks associated with AF.

Methods: To prepare this narrative review paper, Medline PubMed was used to search for relevant literature published between 2000 and 
2021 using key terms including atrial fibrillation and age, gender, hypertension, type II diabetes, obesity, dyslipidemia, exercise, smoking, 
and alcohol and coffee consumption.

Conclusion: The latest literature provides more evidence that various lifestyle parameters seem to contribute to the development and 
exacerbation of AF. The pathophysiology in most cases is related to an increase in inflammatory mediators that perturb atrial tissue and 
adversely affect electric signaling in atrial substrates. It is reasonable to suggest that in some instances lifestyle modifications, such as 
weight loss, can reduce the incidence of AF. We believe that applying lifestyle modifications may have beneficial effects for patients with AF. 
The exciting field of AF research continues to rapidly evolve and holds great promise in the way of future therapeutic as well as preventative 
measures.
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with respect to AF. Herein, we comprehensively review how some key 
lifestyle modifications can affect AF, where some key established factors 
are summarized in Figure 1. We examine whether these factors can 
have a causative role or exacerbate pre-existing AF. Finally, we consider 
if there is an opportunity to mitigate the risks associated with AF by 
incorporating and applying changes in lifestyle habits.

Methodology
This is a narrative review paper that was prepared by using the 

following key terms to identify manuscripts indexed in Medline 
PubMed: “atrial fibrillation and age”, “atrial fibrillation and gender”, 
“atrial fibrillation and lifestyle modifications”, “atrial fibrillation and 
age”, “atrial fibrillation and smoking”, “atrial fibrillation and diabetes”, 
“atrial fibrillation and obesity”, “atrial fibrillation and cholesterol”, 
“atrial fibrillation and hypertension”, “atrial fibrillation and smoking”, 
“atrial fibrillation and caffeine”, “atrial fibrillation and alcohol intake”, 
“atrial fibrillation and physical activity”. Figure 2 outlines the search 
strategy that we employed for this narrative review manuscript. Table 
1 summarizes the key mechanisms that have been shown to drive AF 
for each factor.

Age 
Age has been found to be the most important risk factor for AF in 

the general population 14, 15. The age-dependency of AF was initially 
demonstrated by European and North American epidemiological 
surveys, but more recently, reports from Asia also show that age-related 
AF is an emerging global threat16, 17. Critically, the age-dependence 
of AF, combined with an aging population, implies that aging is the 
main contributor to the expected 2.5-fold increase in AF incidence18. 

AF is the most common arrhythmia in patients older than 65 years. 
For patients older than 80 years, the corresponding rate is approximately 
10% 3, while 70% of individuals with AF are between the age of 65 and 
85 years 19. Moreover, AF prevalence exceeds 20% in the octogenarian 
population, while AF incidence progressively doubles with each decade 
after 65 years 20. Given the global increase in life expectancy, age will 
continue to be a non-modifiable risk factor for AF 21. It is important to 

note that epidemiological studies underestimate the exact prevalence 
and incidence of AF since a substantial proportion of elderly patients 
are asymptomatic, with AF frequently discovered at a routine physical 
examination or at the time of a stroke 22, 23.

The pathophysiology of age-related AF is believed to be driven by the 
myocardial fibrosis and atrial dilation that occurs with an aging heart. 
This is further exacerbated since AF creates electrical and structural 
remodeling in the atria by shortening, mismatching, and lengthening 
the effective refractory period, hence depressing the intra-atrial 
conduction, and compromising its contractile function24. Left atrial 
(LA) size, which is a major biomarker of AF and a determinant of AF 
perpetuation, increases with age in humans25. Furthermore, a variety 
of nonfibrotic structural changes can contribute to age-related AF. 
For example, senile amyloidosis drives age-related atrial remodelling: 
amyloid deposits affect all cardiac chambers, particularly the atria, and 
atrial amyloidosis has been implicated as a potential AF substrate26.

Additionally, sinus node dysfunction, incidence of which parallels 
that of AF, has been shown to be associated with aging27. Pre-clinical 
animal studies have found age-related changes in sinus-node pacemaker 
properties, including decreases in the sodium current, connexin-43 
expression, and L-type calcium channel activity28. Indeed, patients with 
sinus node dysfunction have evidence of diffuse atrial cardiomyopathy 
including atrial fibrosis, increased right-atrial refractoriness, and 
conduction slowing29. In fact, both AF and sinus node dysfunction can 
result from a common underlying age-related atrial cardiomyopathy30. 
It is yet to be established whether there is a causal relationship that 
explains the close association between sinus node dysfunction and 
AF as a function of age. Of course, there may also be a common set of 
aging-induced mechanisms that drives this association. 

Moreover, cellular aging is linked with apoptosis, autophagy, and 
compensatory hypertrophy 31. Studies have found that increased 
autophagy leads to AF-maintaining substrate32, while atrial 
cardiomyocyte hypertrophy changes cellular Ca2+ transients in a 
manner that may promote AF33. Dysregulation of Ca2+ channels 

Figure 1: A schematic summarizing the major lifestyle factors contributing 
to atrial fibrillation.

Table 1:
Key underlying mechanisms that have been shown to drive AF 
development with respect to risk factors.

Risk factor Underlying mechanism(s)

Age Myocardial fibrosis; atrial enlargement; senile amyloidosis; sinus node 
dysfunction; cellular aging: apoptosis, autophagy, compensatory hypertrophy

Gender Differences in electrophysiological substrates; sex hormones; autonomic 
nervous system; atrial remodelling (women)

Hypertension Hypertrophy; fibrosis; left atrial inflammation; structural changes in the left 
ventricle and diastolic dysfunction

Diabetes Atrial remodelling; inflammation; oxidative stress; increased expression 
of growth factors; impaired atrial electromechanical function; autonomic 
dysfunction

Obesity Multi-cardiac chamber enlargement; metabolically active epicardial adipose 
tissue; sleep-apnea induced acidosis

Dyslipidemia Non-conclusive; increased inflammation from atherosclerotic plaques

Exercise Non-conclusive with respect to degree of vigorous physical activity and AF

Smoking More likely due to cardiovascular-related harms associated with tobacco 

Alcohol and 
Caffeine 
Consumption

More convincing evidence supporting alcohol consumption and AF 
development; caffeine consumption not shown to definitively increase risk 
of AF
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can contribute to arrhythmias, including AF34. Multiple studies 
have shown age-related dysfunction of Ca2+ channels and receptors, 
some of which have implicated JNK, ryanodine receptor 2, and Ca2+/
calmodulin-kinase type II18. Also, there have been many reports that 
have assessed age-related electrophysiologic changes within the atria, 
but findings have been discordant. Most of these studies have been 
performed in pre-clinical animal models and have found changes 
in ion channels that were associated with aging and resulted in AF-
promoting electrophysiological remodeling. Indeed, age-dependent 
action potential studies demonstrate resting potential depolarization 
and action potential duration prolongation, changes that promote the 
development of arrhythmogenic after-depolarizations18. 

Gender
Studies have shown that the incidence of AF in women is 1.6 cases 

per 1,000 person-years, and 3.8 cases per 1000 person-years in men 
35, 36. Overall, women have a slightly lower lifetime risk of developing 
AF than men 36, while studies have also found that the prevalence of 
age-adjusted AF is higher in men (7.4% for women and 10.3% for 
men) 35. On average, women develop AF 10 years later than men 37. In 
the Framingham Heart Study, the lifetime risks for AF in females and 
males aged 60 years were 23.4% and 25.8%, respectively, whereas in 
the Rotterdam Study, the lifetime risks for females and males 55 years 
old were 22.2% and 23.8%, respectively 36. It is important to note that 
although male patients have higher morbidity, prevalence, and lifetime 
risk for AF, the absolute number of female patients exceeds that of 
males due to differences in overall life expectancy between men and 
women. Moreover, the Atherosclerosis Risk in Communities (ARIC) 
study found that the prevalence of AF among white males, white 
females, African American males, and African American females was 
6.7, 4.0, 3.9, and 3.0 per 1,000 people per year, respectively 38.

It is known that there are gender differences in electrophysiologic 
properties. For instance, women have a prolonged QT interval compared 
to men. The reason for this difference is not well understood; however, 

sex hormones, which have been shown to affect ventricular calcium 
channels, have been postulated to play an important role39. Although 
gender differences in ventricular repolarization are established, sex 
differences in atrial electrophysiology are not as well-studied. A study 
investigated changes in atrial effective refractory period (ERP) during 
atrial pacing and found that the degree of shortening of atrial ERP 
was smaller in pre-menopausal women compared to post-menopausal 
women and men. A shorter atrial ERP is a component of the electrical 
remodeling process that promotes AF. Although a small study, these 
findings suggest that female sex hormones are protective against AF, 
which may explain why the incidence of AF rises in post-menopausal 
women40.

Moreover, non-pulmonary vein triggers are more common in 
women with AF compared with men41. Studies have also found genetic 
differences in ion channel expression between men and women42. 
Gender differences in autonomic control of the cardiovascular system 
have been reported as well. In men sympathetic-mediated responses are 
more common, whereas women have higher degrees of parasympathetic 
activation, which has been associated with an increased propensity 
of AF due to extensive vagal innervation of the atrial muscle sleeves 
extending into the pulmonary veins43. There is also significant gender-
based differences in AF-related atrial remodeling. For example, in a sub-
analysis of the AF Follow-up Investigation of Rhythm Management 
(AFFIRM) trial, female gender was significantly associated with higher 
rates of left atrial remodeling and adverse cardiovascular endpoints 44. 
Li and colleagues analyzed tissue samples from men and women with 
long-standing, persistent AF and found that women have a significantly 
higher degree of fibrotic remodeling compared to men45. Another study 
reported that female gender was independently associated with delayed 
gadolinium enhancement in patients with AF, as well as in patients 
with no AF or structural heart disease46. Importantly, gender affects the 
relationship between other risk factors and AF. For instance, obesity 
appears to impart a higher risk of AF in men compared to women, 
while women with AF have a lower prevalence of coronary disease and 
sleep apnea when compared to men47.

Hypertension
Although there is debate regarding the mechanism, AF and 

hypertension often coexist: among those with established AF, 
hypertension is present in 60-80% of individuals 48. A Framingham 
study found that hypertension increased the risk of having AF by 
50% in men and 40% in women49. It is important to note that this 
association may be due to the high rates of hypertension in the 
population. Nevertheless, the ARIC study found hypertension to be 
the main contributor to AF, accounting for approximately 20% of 
new cases50. Literature is yet to determine whether the risk of AF 
increases linearly with blood pressure or whether there is a specific 
blood pressure threshold above which the risk of AF increases51. It is 
also not known whether aggressive blood pressure management or the 
use of a specific antihypertensive agent reduces the risk of acquiring AF 
in hypertensive patients who are in sinus rhythm. Similarly, we have 
yet to confirm the optimal blood pressure target in patients with AF 
who are anticoagulated 52. 

Several animal models have been developed to better understand 
the pathophysiology underlying hypertension and AF. We know 

Figure 2: Diagram outlining our search strategy for preparing this narrative 
review manuscript. 
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the ORBIT-AF (Outcomes Registry for Better Informed Treatment 
of Atrial Fibrillation) study demonstrated that patients with AF and 
diabetes had significantly higher hospitalization rates, cardiovascular 
mortality, and overall mortality, as well as worse symptoms and lower 
quality of life compared with AF patients without diabetes 73.

Different mechanisms have been suggested to explain a possible 
link between AF and diabetes. Most of these theories are based on 
atrial structural remodelling, including atrial fibrosis and dilation.
The pathways driving diabetes-related cardiac fibrosis are associated 
with different factors, including inflammation, oxidative stress, 
increases expression of growth factors, and increased production 
of advanced glycation end products74, 75. Diabetes is also associated 
with proarrhythmic electrophysiologic changes. Animal studies have 
demonstrated that diabetes can lead to longer interatrial conduction 
times, increased atrial effective refractory period dispersion, and 
prolonged action potential duration, all of which are correlated with 
increased susceptibility to AF76, 77. Similar studies have found decreased 
Na+ current and increased L-type Ca2+ current densities in the diabetic 
rabbit atrium, which can result in conduction slowing and increased 
arrhythmogenicity78. Increased expression of connexin-43 and 
decreased expression of connexin-40 can also explain the predisposition 
to AF observed with diabetes76. Importantly, diabetic patients have 
been found to have significantly longer atrial activation times and 
lower bipolar voltages during catheter ablation. These patients also 
had higher recurrence of AF after ablation, suggesting the presence of 
proarrhythmic electrical re modeling 79.

Impaired atrial electromechanical function has also been implicated 
in diabetic patients who also suffer from AF. A diabetic rabbit animal 
model found that diabetes can affect atrial excitation-contraction 
coupling due to fibrosis and interatrial conduction delay 80. Clinically, 
patients with impaired fasting glucose have been found to have 
significantly prolonged conduction times, with reductions in both 
left atrial emptying volume and emptying fraction 81. Additionally, 
interatrial and intra-atrial electromechanical delay, which is an 
independent predictor of new and recurrent AF, are significantly higher 
in diabetic patients when compared with healthy control subjects82, 83.

Diabetic patients are also prone to atrial remodelling through 
oxidative stress and inflammation, which are key mediators of 
dysrhythmias. Studies have found reactive oxygen species (ROS) from 
atrial tissue of diabetic patients 84. This is important since ROS activate 
the nuclear factor kappa B pathway, which promotes atrial fibrosis by 
increasing TGF-β and TNF-α expression. They also slow conduction 
by decreasing sodium channel 5A (SCN5A) expression, providing key 
substrates for AF85, 86. Higher levels of oxidative stress can also result in 
inflammation, and in diabetic patients, inflammatory markers such as 
C-reactive protein, TNF-α, and interleukin-6 are significantly elevated. 
These key factors are all associated with left atrial dilatation and higher 
incidence of AF86, 87. 

Parasympathetic denervation, increased sympathetic activity, and 
subsequent sympathetic denervation all constitute cardiac autonomic 
neuropathy, a known complication of diabetes. It has been shown 
in a diabetic rat model that an imbalance in sympathetic and 
parasympathetic activity can contribute to the development of AF 88. 

that experimental hypertension results in hypertrophy, fibrosis, 
and inflammation of the left atrium 53, 54. In particular, the main 
electrophysiological changes in the left atrium include heterogeneity 
in electrical conduction with shortening of atrial wavelength and 
greater AF inducibility and duration 54. Moreover, the duration of 
hypertension has been found to be associated with left atrial remodeling 
55. As alluded to above, altered Ca2+ signaling in atrial myocytes has been 
found to potentially trigger AF. In spontaneously hypertensive rats, a 
study found changes in Ca2+ signaling led to increased propensity for 
tachyarrhythmias in atrial myocytes53. 

Groups have studied the relationship between hypertension and 
AF in patients. As noted above, atrial cardiomyopathy, which is 
defined as a constellation of structural, contractile, architectural, and 
electrophysiological changes in the atria, is thought to play a central 
role in AF56. Hypertension is associated with left ventricular (LV) wall 
thickness, increased LV stiffness, LA dilation, and impaired diastolic 
function. Collectively, these processes can result in LA stretch and 
pressure, with subsequent LA remodeling and dysfunction, and an 
increased predisposition for AF through slowing of global and regional 
conduction and an increase in areas of low voltage57-59. It should also be 
noted that obstructive sleep apnea, which is present in approximately 
50% of hypertensive patients, has been shown to increases the risk of 
developing AF in this patient population60-62.  

Type II Diabetes
Many epidemiological studies have established diabetes as an 

independent risk factor for AF. The Framingham study was the first 
to show a potential association49. More recently, a meta analysis found 
that diabetic patients had a 34% increased risk for developing AF 63. 
Another cohort study showed that risk of AF in diabetic patients was 
most pronounced in younger individuals 64. Further, duration of having 
diabetes tends to increase the risk of AF by 3% for each additional 
year of treatment 65. Some studies have also found that glycemic 
variability may increase the risk for developing AF 63, 66. Specifically, 
the risk of AF in patients with type II diabetes has been studied with 
respect to the HbA1C levels 67, 68. These studies found that HbA1C 
had a relatively modest impact on AF with a risk increase of 1-4% per 
10 mmol/mol higher mean HbA1C compared to 12-19% for heart 
failure, myocardial infarction, and coronary heart disease. These findings 
suggest that glycemic levels and control may not be as significant in 
the development of AF as other risk factors. Moreover, the Action to 
Control Cardiovascular Risk in Diabetes (ACCORD) clinical trial 
found that patients who were randomized to an intensive treatment 
strategy did not benefit from lower rates of new onset AF compared to 
those randomized to standard management 69. Similarly, another study 
found no causal role between inadequate glycemic control and type II 
diabetes and the development of AF 70. Nevertheless, there is evidence 
that HbA1C variability can initiate AF in those with type II diabetes 71.

Importantly, the ADVANCE (Action in Diabetes and Vascular 
Disease: Preterax and Diamicron-MR Controlled Evaluation) study 
found that diabetic patients with AF had increased risks of major 
coronary events, stroke, heart failure, cardiovascular death, and all-
cause mortality compared with non-diabetic patients without AF 72. 
This major study suggests that the co-presence of diabetes and AF 
may confer a worse prognosis than either condition alone. Further, 
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mediators121, 122, actions of adipocytokines123, fibrotic remodeling of 
the LA, and fatty infiltration into the myocardium119, 124. Additionally, 
epicardial fat contains many ganglionated plexi where their activation 
can result in the maintenance of AF125. Finally, given their potential 
role in contributing to AF, it is important to highlight the relationship 
between obesity, inflammation126, and fibrosis127. It is well known that 
obesity is a systemic pro-inflammatory state128 that can be further 
exacerbated by sleep apnea-associated acidosis113.

Dyslipidemia
There is a growing body of evidence that supports the potential role 

of blood lipid levels as a risk factor for AF37, 129-135. It is interesting to 
note that these studies have failed to demonstrate a positive relationship 
between hypercholesterolemia and AF development. In fact, some of 
these studies have found that higher levels of low-density lipoprotein 
(LDL) and total cholesterol are associated with lower risk of having 
AF130-135. Literature has yet to fully establish whether levels of high-
density lipoprotein (HDL) have a similar effect on AF development. 
Similarly, there is some evidence that suggests statins may protect 
against AF 136, 137, but this is an area that has been poorly explored. 
It is generally hypothesized that statins may exert these beneficial 
effects via a decrease in inflammation and C-reactive protein138, 139. 
In addition to decreasing cholesterol levels, statins can also lower 
oxidative stress and downregulate the renin angiotensin system140, 141. 
It is also important to note that targeting lower levels of LDL and 
total cholesterol to reduce the onset of AF may not be appropriate in 
all patient groups. A recent observational study found that in patients 
suffering from congestive heart failure pronounced decrease in LDL 
and total cholesterol is associated with new onset AF142.  Another recent 
study demonstrated that there was no relationship between HDL or 
triglycerides and new onset AF143. This study, however, found that in a 
large hypertensive patient population there was an inverse association 
between total cholesterol and LDL levels and AF development. Finally, 
using a Korean database, Roh et al. have shown that variability in total 
cholesterol levels was associated with an increased risk for new onset 
AF144. Taken together, this body of work indicates cholesterol levels 
can contribute to AF development, but more robust preclinical and 
clinical studies are needed to better delineate the mechanisms and 
pathophysiology driving such an association.

Exercise 
Although the relationship between exercise and AF is complex 

understanding its impact on AF is important for informing the 
decisions an individual can make to promote their overall health.
Different studies have shown that chronic vigorous exercise may 
increase the risk of developing AF. This can be due to long-term 
intensive exercising leading to progressive atrial dilation along with 
autonomic changes and enhanced vagal tone, which may ultimately 
progress to the development of AF145. In a study involving young men, 
increased frequency of exercise was also found to be associated with a 
greater risk of AF146. The risk of AF was found to decrease as the age of 
these individuals increased, implying that exercise can have a stronger 
preventative impact on other AF risk factors in the older demographic. 
These results are supported by studies that have found that leisure-time 
exercises like walking and bicycling are associated with an increased 
risk of AF in younger men and a decreased risk in middle-aged and 

Clinically, significantly lower heart rate variability, which is a marker 
of autonomic dysfunction, has been observed in diabetic patients89. 
Changes in heart rate variability, particularly elevated low- to high-
frequency ratio, have been strongly linked with asymptomatic AF90.

Finally, metabolic syndrome, which is characterized by hypertension, 
dyslipidemia, obesity, and insulin resistance has been reported to 
increase the risk of AF91. In theory, metabolic syndrome results in 
a transformation of epicardial adipose tissue that can lead to the 
production and release of pro-inflammatory mediators that cause 
endothelial dysfunction and fibrosis, both of which contribute to the 
electrical and structural remodeling of atrial tissue92-95. 

Obesity
Increased body mass index has been shown to contribute to the 

development of AF (96). Interestingly, this was first noted in patients 
undergoing cardiac surgery, where it was found that obese patients 
had a higher predisposition for developing post-operative AF97. The 
Framingham Study and the Women’s Health Study also found that 
higher BMI was associated with increased risk in having AF96, 98. Meta-
analyses have also found a strong relationship between a high BMI 
and AF. One meta-analysis of 600,000 patients revealed that for every 
5-point increase in the BMI, there was an associated 20-30% increase 
in AF incidence, 10% increase in risk of post-operative AF, and 13% 
increase in post-ablation AF99. Other studies have suggested that the 
relationship between AF and obesity is independent of gender, age, 
diabetes, hypertension, and sleep apnea50, 96, 98, 100-106. In fact, it has been 
posited that this strong relationship is such that, after hypertension, a 
high BMI is the second most important population-attributable risk 
factor for AF50.The ARIC study did indeed show that almost 20% of 
AF incidence can been attributed to a BMI great than 25 kg/m2 50. 

The pathophysiology of obesity-related AF is a complex and 
multifactorial one. Obesity is associated with hemodynamic changes 
that result in LV enlargement and remodeling 107, which initiates a 
cascade of events that contribute to changes in LA morphology and 
pulmonary venous pressures 108, 109. As noted in previous sections, atrial 
remodeling is a major cause of AF. A large German study found that 
obesity is a strong predictor of LA enlargement 110. Long-term studies 
have also shown that obesity and LA volume incrementally predict AF 
risk 111. Moreover, obesity is associated with various neurohumoral and 
metabolic pathways that are dysfunctional. Such derangements include 
increased insulin resistance, autonomic dysfunction, hypertension, and 
activation of the renin-angiotensin-aldosterone system108, 112. A high 
BMI can also lead to changes in pulmonary vascular pressures via 
obesity-related sleeping disorders, such as sleep apnea, which can lead 
to autonomic dysfunction and abnormal cardiac impulse formation 
secondary to hypoxia and acidosis113. 

Although there is much debate on the exact relationship and 
mechanism by which epicardial fat contributes to AF, there is 
evidence to suggest that adipose tissue surrounding the heart does 
play a role in AF development114-117. We also know that epicardial 
fat is metabolically active 118, while adipocytes can modulate the 
electrophysiology of atrial myocytes 119, 120. A combination of such 
properties may lead to AF via the local release of inflammatory 
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Smoking
Of the lifestyle factors that an individual has control over, smoking 

has a consistent association with AF where it has been found to increase 
the risk of AF over time. Numerous studies have found that current 
and former smokers have a 32-51% and 9-49% increased risk of AF, 
respectively, compared to those who had never smoked163-166. These 
findings suggest that while smoking does appear to increase the risk 
of AF, quitting smoking can reduce this risk to a degree. However, the 
risk may never return to that of a never smoker. The Atherosclerosis 
Risk in Communities (ARIC) study found similar results, determining 
current smokers were more than twice as likely to develop AF than 
non-smokers167. This was particularly true for individuals who had a 
total smoking history of greater than 33 pack-years. In line with this, 
one meta-analysis reports that there is a 16% increase in the risk of AF 
for every 10 pack-years of smoking165. These effects are not limited to 
direct smoking, with secondhand smoke exposure impacting the risk 
of AF as well. The Healthy Heart Study found that individuals who 
had a smoking parent during their gestation and those who lived with 
a smoker as a child were more likely to develop AF168. 

The relationship between smoking and AF may be due, in part, to 
the greater risk of cardiovascular disease in smokers. Analysis of the 
association between smoking and AF in subjects from the Reasons for 
Geographic And Racial Differences in Stroke (REGARDS) Study 
found that there was a significant increase in the incidence of AF in 
smokers compared to non-smokers169. However, after adjusting for 
cardiovascular risk factors, the difference in the incidence of AF was 
no longer significant. These findings suggest that acknowledging and 
treating the cardiovascular risk factors of smokers can help reduce their 
risk for developing AF. Moreover, the risk of AF in smokers appears 
to depend on gender as well. According to a meta-analysis, 6.7% of 
the overall risk of AF in men and 1.4% of the risk in women were due 
to smoking164. Another meta-analysis supports these results, finding 
that men who smoke have a 38% increased total risk of AF, compared 
to 28% in women who smoke170. This suggests that there may be a 
protective factor in women, or a predisposing factor in men, that should 
be investigated more thoroughly.

Alcohol and Coffee Consumption 
Along with smoking, alcohol has been established to increase the 

risk of AF. However, the association between caffeine consumption 
and AF is less obvious. One approach to understanding the impact 
of alcohol on AF is to decrease the quantity consumed in individuals 
with AF who drink often. An Australian study of adults who consumed 
at least 10 drinks a week and had AF found that the individuals who 
greatly decreased their consumption significantly increased the time 
before recurrence of AF compared to the control group171. However, 
the quantity of alcohol consumed may also be important for predicting 
the level of risk. The Framingham Study, in a follow-up of more than 
50 years, found that individuals who drank heavily had a significantly 
greater risk of developing AF172. A meta-analysis supports these results, 
observing that low alcohol intake (no more than one drink per day) 
had no association with AF, while heavy drinking increased the risk173. 

Gender may also be important for developing AF amongst those 
who consume alcohol. In men, even moderate drinking was found to 
increase the risk relative to the low intake group173, 174. The frequency of 

elderly men and women147, 148. However, in a different group of elderly 
men, a higher rate of AF was found in those with a history of vigorous 
exercising149. These findings suggest that the relationship between 
exercise, age, and the progression to AF is complex and needs to be 
studied further. 

Cumulative years of regular endurance exercise has also been shown 
to be an important determinant of AF with an odds ratio per 10 
years of exercise of 1.16 in middle-aged men150. In the middle-aged 
demographic, lifetime heavy intensity exercise was identified as a risk 
factor for AF151. Even after adjusting for age in participants in a cross-
country skiing event, those who completed the race in less time and had 
a greater number of prior completed races were found to have higher 
rates of AF152. Though in a study involving men and women, the women 
who took part in intense exercise had a 28% lower risk of AF, while the 
men had an increased risk153. These results point to a possible gender-
effect that should be studied more closely. The same study found that 
moderate physical activity in all individuals was associated with a lower 
risk, indicating that the type and quality of exercise may be important 
for determining its relationship with AF.

In contrast to long-term intense, vigorous exercising, moderate-
intensity exercises have been associated with a decreased risk of AF. 
One study found that participants who were moderately active had a 
19% reduced risk of AF compared to a low activity group154. However, 
the same study found that a resting heart rate of less than 50 beats 
per minute was a risk factor for AF, suggesting that high-intensity 
exercising does carry a higher risk. Another study considered treadmill 
testing and found that individuals who displayed greater fitness and 
capacity for exercise were associated with a 7% lower risk of AF155. This 
inverse relationship was most pronounced among the obese patients. 
Moreover, individuals who improved their cardiorespiratory fitness 
not only lowered their AF risk, but also decreased the severity of the 
symptoms and risk of AF-associated stroke and mortality156-158. These 
findings are supported by a study of subjects completing aerobic interval 
training (AIT) of four 4-minute intervals at 85-95% maximum heart 
rate 3 times a week for 12 weeks159. The average time spent in AF 
increased from 10.4% to 14.6% in the control group of individuals who 
did not partake in the interval training, while a decrease from 8.1% to 
4.8% was observed in the AIT group. The frequency and severity of 
AF symptoms decreased after AIT as well.

It is important to mention that some studies have found no 
relationship between exercise and AF or even a paradoxical relationship. 
Two meta-analyses found no association between physical activity and 
AF, with neither intensity of the exercises nor time spent exercising 
showing a relationship to the incidence160, 161. Interestingly, another 
study found that individuals who participated in vigorous physical 
activity had an inverse relationship between total exercise time and 
incidence of AF162. While most studies have indicated that long-term 
intense exercising predisposes to AF and moderate-intensity exercising 
is protective against it, more research may be necessary to understand 
these relationships in detail. Ultimately, it is important to know if a 
“perfect” type and amount of exercising exists to adequately promote 
cardiovascular health while limiting the risk for AF.
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from AF and reducing their risk of experiencing debilitating strokes. 
Different electrophysiological and surgical strategies have also aimed 
to improve the cure rates of AF. However, these approaches have failed 
to produce optimal results on a consistent basis. Moreover, although 
we have developed scoring systems that can adequately risk-stratify 
patients with AF, we have yet to definitively establish the genetics 
driving AF. Importantly, we now have a better understanding that 
lifestyle parameters also play a significant role in acquiring AF. Various 
preclinical and clinical studies have provided strong evidence that 
factors such as hypertension, dyslipidemia, and obesity increase 
the likelihood of developing AF. We continue to learn more about 
the pathophysiology of AF and these specific lifestyle habits. It is 
believed that atrial remodeling and inflammatory mediators play 
a central role. Indeed, in some cases, these factors can compound 
genetic predispositions. Encouragingly, there is also mounting data 
suggesting that controlling these factors through lifestyle modifications 
can have beneficial effects in decreasing the rates of acquiring AF. 
Healthcare practitioners should be aware of these common lifestyle 
parameters, especially in their AF patient population. Moreover, the 
medical community will greatly benefit from having robust statistical 
models that can be used to predict the risk of developing AF if a 
patient presents with a modifiable lifestyle factor. Such models can 
also determine whether various lifestyle parameters have a synergistic 
effect in predisposing patients to AF. These tools can be employed to 
assess the relative importance of each risk factor, their predictive value, 
and ascertaining which ones are truly independent predictors for AF. 
Presenting patients with strong preclinical and clinical findings should 
provide important impetus for incorporating and applying lifestyle 
changes that can reduce the risk of developing AF globally.
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