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    Chapter 1   
 Atrial Fibrillation: Epidemiology 
and Demographics                     

     Karina     M.     Soto-Ruiz     

       First identifi ed on electrocardiograms over 100 years ago [ 1 ,  2 ], atrial fi brillation 
(AF) is the most commonly presented arrhythmia of clinical signifi cance [ 3 ,  4 ]. It is 
estimated that it affects 46.1 million people globally [ 5 ]. Up to a half-million hospi-
talizations annually in the USA have AF as their primary diagnosis, and AF is esti-
mated to contribute to >100,000 deaths per year in the USA [ 6 ]. And hospitalizations 
have increased by 23 % between 2000 and 2010 [ 7 ]. 

 AF has a signifi cant impact on health-care costs, with the major cost drivers 
being hospitalizations, stroke, and loss of productivity [ 8 – 11 ]. In 2001, it was esti-
mated that $6.65 billion US dollars was spent on AF treatment [ 12 ], with more 
recent fi ndings estimating the costs to have ballooned from $16 to $26 billion US 
dollars a year [ 13 ], and according to fi ndings by the Cost of Care in Atrial Fibrillation 
survey, hospitalizations represented a large portion of the cost of treating AF: 52 % 
vs. 23 % for drug therapy [ 14 ]. 

 In the USA, the prevalence of AF increased by 4.5 % (from 4.1 to 8.6 %) between 
1993 and 2007, with a 0.3 % increase per year, in Medicare benefi ciaries older than 
65 years of age [ 15 – 20 ]. Over 2.3 million adults in the USA had a diagnosis of AF 
in the years 1996 and 1997, with estimations that the number would go up to 5.6 
million by 2050 [ 3 ]; this numbers climbed to 3.03 million in 2005 in the USA alone, 
and the prediction now is that 7.56 million will have AF by 2050 [ 21 ]. Worldwide, 
a total of 33.5 million patients had a diagnosis of AF in the year 2010, and it’s esti-
mated that there will be 5.5 million new cases diagnosed each year [ 5 ]; with such a 
dynamic prevalence, the impact and burden in our health-care system cannot be 
overlooked. Specially, when the real prevalence of AF could be underrepresented 
due to the fact that in up to 25 % of cases, AF occurs in the absence of symptoms, 
potentially underestimating the real prevalence of the disease [ 22 ,  23 ]. Monitoring 
techniques to detect asymptomatic, or subclinical AF, also have an impact on 
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 prevalence. Using a 24-h Holter monitor or an event-loop recording device for 7 
days, AF was detected in 11 % of the patients sampled [ 24 ]. When using a dual-
chamber pacemaker or implantable cardioverter defi brillator for 3 months, subclini-
cal AF was detected in 10 % of patients, and at 2.5 years, subclinical AF was 
detected in 35 % of patients, of whom 16 % had developed clinical AF [ 25 ]. 

 AF is associated with signifi cant morbidity, including a 3–5 times increase in the 
risk of stroke, and a three times increase in the risk of congestive heart failure (CHF) 
[ 26 ,  27 ], and it’s also associated with a twofold increase in comorbidity-adjusted 
mortality [ 9 ]. AF has also been described as a risk factor for dementia, even in patients 
without a history of stroke. Studies have reported that decreased cognitive scores (OR 
1.5–3.5) are associated with the presence of AF in different populations [ 30 – 34 ]. In 
the ONTARGET and TRANSCEND studies [ 35 ], patients with AF showed faster 
worsening of Modifi ed Mini-Mental State Examination and Digit Symbol Substitution 
Test scores over the subsequent 5 years than did patients without AF [ 36 ]. It has also 
been described that individuals with AF had an odds ratio of 2.8 for dementia com-
pared with individuals without AF [ 31 ]. The increased risk of dementia in patients 
with AF is also associated with increased mortality (HR 2.9) [ 37 ]. 

 The increase in prevalence has been attributed to a greater ability to treat chronic 
cardiac and noncardiac disease, the aging population, and the improved ability to 
suspect and diagnose AF [ 22 ]; therefore, when talking about prevalence, we must 
keep in mind it depends on the population we study. AF is not common in infants 
and children; if present, it will almost always be associated with a structural heart 
defect: congenital heart disease, cardiomyopathy, or Wolff-Parkinson-White 
(WPW) syndrome [ 28 ]. 

 As the population age increases, so does the prevalence of AF. It is present in 
0.12–0.16 % of subjects younger than 49 years of age, 3.7–4.2 % in those aged 60–70 
years, and 10–17 % in patients 80 years or older [ 5 ,  15 – 20 ,  29 ]. In subjects over 50 
years of age, AF was more frequent in Whites than Blacks (2.2 % vs. 1.5 %). Gender 
also had an impact on prevalence, with AF occurring more frequently in males (1.1 % 
vs. 0.8 %) than females [ 3 ,  4 ], but despite a greater prevalence in men, women repre-
sent the bulk of patients with AF due to their longer survival [ 5 ,  15 – 20 ,  29 ]. 

 The impact of race is less clear. Multiple studies have found the risk of devel-
oping AF to be lower in Blacks compared to Whites, but it has not been deter-
mined whether Blacks are at lower risk or if Whites are at higher risk [ 38 ]. Data 
on Native American patients is scarce, but in a study of 664,754 subjects, of 
which 27,697 were Native Americans, an analysis looking at AF trends was con-
ducted in a subpopulation of 67 % White and 55 % Native Americans and found 
that AF was less prevalent in Native Americans than in White adult males after 
adjusting for age, BMI, and predisposing comorbidities (adjusted odds ratio 
1.15; CL 1.04–1.27) [ 39 ]. 

 The lifetime risk for developing AF was analyzed in a report from the Framingham 
Heart Study. They found the risk for developing AF from age 40 to 95 was 26 % for 
men and 23 % for women. The risk of developing AF from age 80 to 95 was 23 % 
for men and 22 % for women. Lifetime risk didn’t change signifi cantly with 
increased age due to the fact that AF incidence increases with age [ 40 ]. 
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 The exact reason for the current trends in prevalence are unknown, but could be 
partially explained by aging trends in the global population. Temporal trends in 
prevalence may result from a lead time bias, increased survival from coexistent 
cardiovascular conditions such as ischemic heart disease and heart failure due to 
improved management of cardiovascular comorbidities, resulting in a larger high- 
risk group [ 41 ]. 

    Risk Factors 

  Cardiovascular Disease     AF has been associated with cardiovascular disease, in 
particular with hypertension, coronary artery disease, cardiomyopathy, and valvular 
disease; it can also occur after cardiac surgery and in the presence of myocarditis or 
pericarditis [ 42 ]. Hypertension can increase the risk of developing AF by 1.42-fold 
[ 43 ], which represents a relatively small increase in risk; however, given the high 
frequency of hypertension in the general population, hypertensive heart disease is 
the most common underlying disorder in patients with AF [ 44 ].  

  Coronary Heart Disease     AF is not commonly associated with coronary heart dis-
ease unless it’s complicated by an acute myocardial infarction (MI) or heart failure 
(HF). AF can occur in 6–10 % of patients with an acute MI, presumably due to atrial 
ischemia or atrial stretching secondary to HF [ 41 – 48 ]. In patients with chronic sta-
ble coronary heart disease, AF can be found in less than 1 % of patients, with a rela-
tive risk of 1.98 at 7 years [ 49 ].  

  Valvular Lesions     Lesions that lead to signifi cant stenosis or regurgitation are associ-
ated with the development of AF. The rate of development of AF can be up to 5 % per 
year in patients with valvular disease, and the major independent risk factors were 
age (65 years or older) and baseline left atrial dimension >50 mm [ 50 ]. When AF 
complicates severe mitral regurgitation, valve repair or replacement is indicated [ 42 ].  

  Rheumatic Heart Disease (RHD)     RHD and its associated mitral valve disease were 
a major cause of AF in the Western world in the past, but the availability of early 
treatments has made the disease rare in developed countries. However, several stud-
ies from Africa, Asia, and the Middle East report a substantial prevalence of RHD 
in their population with AF [ 51 – 55 ].  

  Cardiomyopathy     AF has been reported in 10–28 % of patients with hypertrophic 
cardiomyopathy [ 49 ,  56 ,  57 ], although the prognostic importance remains unclear, 
with some literature showing a negative impact on prognosis [ 57 ], while others 
show no increase in mortality [ 56 ].  

  Venous Thromboembolic Disease     Deep vein thrombosis and pulmonary embolism 
are associated with an increased risk of AF. The exact mechanism for this is not 
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known, but it has been speculated to be related to an increase in pulmonary vascular 
resistance and cardiac afterload, which may lead to atrial strain [ 58 ,  59 ]. It has been 
reported that up to 14 % of patients with a documented pulmonary embolism 
develop AF [ 60 ,  61 ].  

 AF can also occur in chronic obstructive pulmonary disease [ 61 – 63 ], peripartum 
cardiomyopathy [ 64 ], lupus myocarditis [ 65 ], and both idiopathic and uremic peri-
carditis [ 66 ,  67 ]. Obstructive sleep apnea may also be related, in which case the 
provision of continuous positive airway pressure reduces the risk of the recurrence 
of AF [ 68 ]. 

  Obesity     This has also been described as a risk factor. Increased left atrial pressure 
and volume as well as a shortened effective refractory period in the left atrium and 
proximal and distal pulmonary veins have been identifi ed as potential factors that 
facilitate and perpetuate AF in this population [ 69 ]. The risk of AF among individu-
als who are obese was >1.6 times that of counterparts with a normal BMI [ 70 ]. In 
the Atherosclerosis Risk in Communities Study (1989) from the USA, the 
population- attributable fraction of the risk of AF contributed by being overweight 
or obese was estimated at 17.9 %, making it the second most important risk factor 
after hypertension [ 71 ].  

  Diabetes     This has also been associated with an increased risk of developing AF 
(OR 1.1 for men and 1.5 for women); increased left ventricular mass and increased 
arterial stiffness have been put forth as possible mechanisms [ 72 ,  73 ].  

  Secondhand Smoke     This is an emerging risk factor linked to the development of 
AF in both current and former smokers [ 74 ,  75 ]. Current hypotheses regarding 
the mechanism by which secondhand smoke leads to cardiac disease include 
induction of an infl ammatory state [ 76 ] and direct effects of nicotine on atrial 
structural remodeling [ 77 ,  78 ] and effects on autonomic function [ 79 ,  80 ]. Each 
of these mechanisms has been implicated in the pathogenesis of AF [ 70 ,  81 ]. 
Dixit et al. looked into a subpopulation if 4976 subjects enrolled in the Health 
eHeart Study and found that patients with AF were more likely to have been 
exposed to SHS in utero, as a child, as an adult, at home, and at work. However, 
those without AF were more likely to have visited social environments with sig-
nifi cant SHS. When in utero exposure was separated by parent, maternal or 
paternal smoking during that period was associated with AF: 50 % of those with 
AF exposed to maternal smoke compared to 32 % of those without AF,  p  < 0.001, 
and 66 % of those with AF exposed to paternal smoke compared to 48 % of those 
without AF,  p  < 0.001 [ 82 ].  

  Renal Disease     This has also been linked as a risk factor for the development of 
AF. Compared to individuals with eGFRcys >90 mL/min/m 2 , a multivariable hazard 
ratios for the development of AF were signifi cantly increased at 1.3, 1.6, and 3.2 in 
those with eGFRcys of 60–89, 30–59, and 15–29 mL/min/m 2 , respectively, during a 
median follow-up of 10.1 years [ 83 ].  
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 In the Framingham study, 1409 patients with new-onset AF were evaluated for 
the risk of subsequent occurrence based on whether they develop a secondary pre-
cipitant or not. A precipitant was found in 31 % of patients. They were cardiotho-
racic surgery (30 %), infection (23 %), noncardiothoracic surgery (20 %), and acute 
myocardial infarction (18 %). Other precipitants found were acute alcohol con-
sumption, thyrotoxicosis, acute pericardial disease, acute pulmonary embolism, and 
other acute pulmonary pathologies. While the 15-year cumulative incidence of 
recurrent AF was lower among those with secondary causes (62 % vs. 71 %), fi nding 
a recurrence of AF among the population with secondary causes was still unex-
pected [ 84 ]. 

  Postoperative Period     AF has been reported in up to 30–40 % of patients in the 
postoperative period for those who underwent coronary artery bypass grafting 
(CABG) surgery [ 85 – 88 ], in 37–50 % after valve surgery [ 85 ,  88 ,  89 ], and in up to 
60 % of those undergoing a valve replacement plus CABG [ 65 ,  68 ,  85 ,  88 ]. AF has 
also been described in up to 24 % of patients with a denervated transplanted heart 
and often in the absence of signifi cant rejection [ 88 ,  89 ]. Most occur within the fi rst 
2 weeks, while developing AF after the 2-week mark has been associated with an 
increased risk of subsequent death [ 89 ,  90 ]. AF is less common after noncardiac 
surgeries with incidence rates that vary, from 1 to 40 %. This wide range could 
likely be due to the variability in patients and surgical characteristics [ 91 ,  92 ].  

  Hyperthyroidism     Patients with hyperthyroidism are at an increased risk of developing 
AF [ 93 ]. This is believed to occur due to an increased beta-adrenergic tone that may 
contribute to the rapid ventricular response [ 94 ]. It has also been suggested that it may 
be related to an increased automaticity and enhanced triggered activity of pulmonary 
vein cardiomyocytes, which can be a source of ectopic beats that initiate AF [ 95 ]. AF 
can be seen in up to 20 % of patients over the age of 60 but less than 1 % of patients 
under 40; men are also more likely to have AF than women (12.1 % vs. 7.6 %) [ 96 ].  

 Other factors associated with an increased risk have also been described: 

  Family History     The presence of AF in a fi rst-degree relative, particularly a parent, 
has been associated with an increase in risk, independent of standard risk factors 
such as age, sex, hypertension, diabetes, or clinically overt heart disease [ 97 ]. The 
strength of this connection seems to be greater with fi rst-degree relatives with pre-
mature onset (less than 65 years of age) [ 98 ].  

  Polygenic Inheritance     This seems to be more common and could explain the mod-
est elevation in the relative risk of AF in fi rst- and second-degree relatives of affected 
individuals [ 97 ,  99 ].  

  Monogenic Inheritance     Both autosomal dominant and autosomal recessive forms 
have been identifi ed. Genetic linkage analysis has identifi ed loci at 10q22-q24, 
11p15.5, 6q14-16, 3p22-p25, and 4q25 [ 100 – 104 ]. At the 4q25 locus, several 
single- nucleotide polymorphisms have been identifi ed [ 105 ].  
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  Birth Weight     A possible relationship between birth weight and AF development 
has been described. The age-adjusted hazard ratios (with <2.5 kg [5.5 lb] being the 
referent group) for incident AF increased signifi cantly from the lowest to the high-
est birth weight category, during a median follow-up of 14.5 years [ 106 ].  

  Infl ammation and Infection     A relationship has been described after studies looking 
at levels of C-reactive protein (CRP) and fi nding elevated levels in people with later 
development of AF [ 107 ], history of atrial arrhythmias [ 108 ], failed cardioversion 
[ 109 ], recurrence of AF after cardioversion [ 110 ], and development of AF after 
cardiac surgery. However, infl ammation is more likely a marker of conditions asso-
ciated with AD, as opposed to being a direct or perpetuating cause [ 111 ].  

  Pericardial Fat     Pericardial fat is a visceral adipose tissue with infl ammatory prop-
erties, and patients with AF had a signifi cantly higher pericardial fat volume 
(102 mL vs. 76 mL in controls with no AF) [ 112 ]. Using data from over 3000 indi-
viduals in the Framingham Offspring Cohort, a 40 % higher odds ratio of AF per 
standard deviation increase in pericardial far volume was observed. This association 
remained signifi cant after adjustments for age, gender, heart disease (myocardial 
infarction, heart failure), BMI, and other regional fat deposits [ 113 ].  

  Autonomic Dysfunction     The autonomic nervous system may be involved in the ini-
tiation and maintenance of AF. It may be particularly important in patients with par-
oxysmal AF, as both heightened vagal and sympathetic tone can promote 
AF. Heightened vagal tone in predominantly normal hearts, which may explain why 
vagally mediated AF is often seen in athletic young men without apparent heart dis-
ease who have slow heart rates during rest or sleep; such patients may also have an 
electrocardiogram (ECG) pattern of typical atrial fl utter alternating with AF [ 114 , 
 115 ]. In comparison, AF induced by increased sympathetic tone may be observed in 
patients with underlying heart disease or during exercise or other activity [ 115 ].  

  Corrected QT Interval     Individuals with either congenital long QT syndrome or 
short QT syndrome have an increased risk of AF [ 116 ,  117 ]. Individuals with a QTc 
<372 ms (1st percentile) or >419 ms (60th percentile) had an increased risk (adjusted 
hazard ratios 1.45 up to 1.44, respectively) compared to the reference group (411–
419 ms) [ 118 ].  

  Premature Atrial Contractions     Premature atrial contractions (PAC) are known trig-
gers of PAC. PAC count (by quartile) on Holter monitoring was associated with 
incident AF [ 119 ].  

  Other Supraventricular Tachyarrhythmias     Spontaneous transition between typi-
cal atrial fl utter and AF has been observed, although little is known about the 
mechanism of this [ 120 ,  121 ]. AF is, in some patients, associated with paroxysmal 
supraventricular tachycardia (PSVT) [ 122 – 124 ]. The most common causes of 
PSVTs are atrioventricular nodal reentrant tachycardia and atrioventricular reen-
trant tachycardia, which occurs in patients with WPW syndrome or concealed 
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accessory pathways. Among patients with WPW syndrome, the mechanism may 
be retrograde conduction via the accessory pathway of a premature beat, stimulat-
ing the atrial myocardium during its vulnerable period [ 125 ]. Ablation of the 
accessory pathway reduces the incidence of subsequent AF [ 125 ,  126 ].  

  Low Serum Magnesium     Low serum magnesium in patients undergoing cardiac sur-
gery has been identifi ed as a risk factor for the development of postoperative 
AF. Patients in the lower quartile of serum magnesium (≤1.77 mg/dL) were approx-
imately 50 % more likely to develop AF compared to patients in the upper quartiles 
(≥1.99 mg/dL) after multivariable adjustments [ 127 ].  

  Alcohol     AF occurs in up to 60 % of binge drinkers with or without an underlying 
alcoholic cardiomyopathy [ 128 ]. Most cases occur during and following weekends 
or holidays when alcohol intake increases, a phenomenon which has been termed 
“the holiday heart syndrome.” Moderate, long-term alcohol consumption does not 
appear to be a risk factor for AF and has no signifi cant association in either men or 
women [ 72 ,  129 ,  130 ]. In contrast, heavy alcohol consumption is associated with an 
increased incidence of AF. Two large cohort studies found an increased incidence 
among men with heavy alcohol consumption (hazard ratio 1.45 in both) [ 131 ,  132 ]. 
Neither study found a correlation in female patients, but the ability to detect such a 
correlation was limited by the small sample size of women with alcohol consump-
tion in this range. Another study found an increased risk (relative risk 1.34, 95 % CI) 
with consumption of more than 36 g per day (>3 drinks/day) [ 130 ].  

  Fish and Fish Oil Supplements     It has been suggested the intake of fi sh and fi sh oils 
rich in long-chain n-3 fatty acids may reduce the incidence of arrhythmias [ 133 ], but 
the data is mixed. Three cohort studies, with sample sizes of 45,000, 48,000, and 
5000 patients, found no relationship [ 134 – 136 ], while one study with a cohort of 
approximately 5000 patients suggested a reduction in AF burden [ 136 ].  

  Medications     Certain medications can cause or contribute to AF development [ 137 ]. 
These include theophylline [ 138 ], adenosine [ 114 ], and drugs that enhance vagal 
tone, such as digitalis [ 139 ]. Case-control studies have suggested an increased risk 
for developing AF in patients taking nonsteroidal anti-infl ammatory drugs (NSAIDs) 
[ 140 – 142 ]. However, the absence of an accepted biologic mechanism and the sus-
ceptibility of case-control studies to unmeasured confounders make us cautious 
about the strength of this association [ 143 ].   

    Classifi cation and Progression 

 AF has been classifi ed as paroxysmal, persistent, permanent, or lone [ 144 ]. 
Lone atrial fi brillation refers to the presence of AF with no underlying structural 
heart disease; it can be present in as much as 45 % of patients with paroxysmal 
AF [ 145 ]. 
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 In patients recently diagnosed, it’s been found that up to 15 % of patients prog-
ress to persistent or permanent AF within 1 year. Heart failure, hypertension, and 
rate-control therapy, rather than rhythm-control (26 % vs. 11 %), were indepen-
dently associated with AF progression. A risk stratifi cation rule to assess the prob-
ability of AF progression found that age, previous TIA or stroke, and COPD were 
also associated with AF progression. The clinical outcome of patients demonstrat-
ing AF progression is worse compared with patients demonstrating no AF progres-
sion [ 146 ]. Up to 52 % of newly diagnosed had paroxysmal AF [ 147 ]. Patients with 
a higher CHADs2 score showed more AF progression: 19 % progression when 
CHADs2 > 1 vs. 14 % when CHADs2 is 1 and 9 % when CHADs2 is 0 ( p  < 0.0001). 
The use of class 1c antiarrhythmic drugs was also associated with less AF progres-
sion, whereas the use of cardiac glycosides was associated with more AF progres-
sion at 1 year follow-up [ 146 ]. 

 The World Health Organization (WHO) quantifi es the burden of disease from 
mortality and morbidity utilizing disability-adjusted life year (DALY) measure-
ments; one DALY can be thought of a one lost year of “healthy” life. The sum of 
these DALYs across a population, or the burden of disease, is considered a measure-
ment of the gap between current health status and an ideal health situation where the 
entire population lives to be of advanced age, free of disease and disability [ 147 ]. 

 In the 2010 Global Burden of Disease Study, DALYs were utilized to indicate the 
overall morbidity contributed by a given disease in the population. For AF, the age- 
standardized DALYs in Central Asia, China, Russia, South Asia, Southeast Asia, 
and sub-Saharan Africa were 35–50 per 100,000 people. In comparison, age- 
standardized DALYs for patients with AF in Australia, Canada, the USA, and 
Western Europe were >60 per 100,000 people [ 148 ,  149 ]. A comparison of these 
values with data from the 1990 Global Burden of Disease Study shows that the 
burden of AF is steadily rising and now comprises an increased percentage of total 
DALYs for each nation [ 148 ].     
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