CHAPTER 1
ATRIAL FIBRILLATION
Epidemiology, costs and future expectations
Giuseppe Boriani, Marco Vitolo
Atrial fibrillation (AF) is the most common arrhythmia in clinical practice causing an increased risk
of morbidity and adverse clinical outcomes (i.e. stroke, heart failure or death).1
The most important studies on the epidemiology of AF showed a prevalence ranged between
1-1.5% in the general population in developed countries.2 A recent review reported that the prevalence of AF in the general adult population of Europe ranged from 1.9% in Italy, Iceland, and England
to 2.3% in Germany and 2.9% in Sweden while in the USA the prevalence of AF has increased by 0.3%
per year in Medicare beneficiaries older than 65 years, with an absolute growth of 4.5% (from 4.1% to
8.6%) in the period 1993-2007 2, 3 (Figure 1).
It is well-known that the risk of developing AF increases with age: nowadays, due to the so called
“Demographic Transition” in which the decline in death rate and birth rate leads to an increase in
median age in the general population, AF can be consider an epidemic problem and its prevalence is
projected to grow at least three-fold within 2050.4
In the Framingham Study, the prevalence of AF was 2% in people aged 60 to 69 years, 5% and 9%
in those aged 70 to 79 years, and aged 80 to 89 years respectively.5
More recent data, showed that the prevalence of AF ranged from 0.12% to 0.16% in individuals
with age <49 years; 3.7% to 4.2% between 60 and 70 years; and 10% to 17% in those aged ≥80 years.1
The incidence of AF also increases with advancing age but data is less consistent due to the heterogeneity of the characteristics of the enrolled population in the studies conducted so far.2
Among US Medicare beneficiaries aged 65 years or older, the age- and sex- adjusted incidence
of AF remained stable at 27.3 per 1000 person-years in 1993 versus 28.3 per 1000 person-years in
2007; moreover, incidence was higher among men (34 per 1,000 person/years in men versus 25 per
1,000 person/years in women) and was incredibly higher in people aged 84-89 (53.9 per 1,000 person/
years).3
Alike the US general population, also in Europe the incidence of AF increases with age although
the reported rates are lower. In a national survey conducted in Scotland, incidence rates per
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Figure 1. Prevalence of atrial fibrillation in five European Countries (modified from Zoni-Berisso
M., et al. Clin Epidemiol 2014;6:213-20). AF: atrial fibrillation.

1000 person-years was 0.5 for age 45 to 54 years, 1.1 for age 55 to 64, 3.2 for age 65 to 74, 6.2 for age
75 to 84, and 7.7 for age ≥85 years.6
Moreover, several study investigated the racial and ethnic differences in AF prevalence.7, 8
Interestingly, there is a hypothesis that European ancestry could be an independent predictor of a
higher risk of AF in African Americans. As reported by the Candidate Gene Association Resource
Study, among blacks, the risk of AF was independently associated with increasing percentage of
European ancestry (hazard ratio [HR], 1.13; 95% CI, 1.03-1.23) and every 10% increase in European
ancestry there was a 16% to 20% increased risk of AF.9
With regard to the sex differences in epidemiology of AF, several data reported that age-adjusted
incidence of AF is higher in men compared with women in general population all over the world. In
the Rotterdam Study, AF incidence in men was 11.5 per 1000 person-years compared with 8.9 for
women but the lifetime risks at age 55 years were similar (23.8% for men and 22.2% for women).10, 11
Similar data come from the Olmsted County Minnesota Study where AF incidence in men were
higher compared to women (4.7 vs. 2.7 per 1000 person-years).12
Nevertheless, the true prevalence of AF could be underestimated because in discrete proportion
of cases, AF can be asymptomatic without any clinical manifestations.
Prevalence of this type of AF, the so called “subclinical AF”, is ranging from 10% to 40%, depending on the type of screening and occurs more frequently in elderly.13
Recent data from the EurObservational Research Programme – Atrial Fibrillation (EORP-AF)
Pilot General Registry, showed that 39.7% of the patients enrolled in the study (1237 of 3119 patients)
were asymptomatic (European Heart Rhythm Association [EHRA] score I). Thus, if we correctly
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detect asymptomatic AF by active screening, AF prevalence would be higher and closer to 3%, as
estimated for the USA in the 2015.2, 13
In this epidemic scenario, the economic burden of AF is a growing public health issue. Several
studies reported the costs associated with AF highlighting that atrial fibrillation is an expensive disease, both in terms of direct, and indirect costs.14
In a systematic review, Wolowacz et al. showed that direct-cost estimates ranged from $2000 to
14200 per patient-year in the USA and from € 450 to 3000 in Europe.15
First of all, the hospitalization rates for AF have been rapidly increased impacting on public
finances.
Indeed, hospitalizations related to AF are approximately 50-70% of total costs due to the inpatient
care and interventional procedures (i.e. ablation procedures): inpatient costs ranged from $1700 to
18800 in the USA and from € 1300 to 6400 in the Western Europe.15-17
Similar economic data can be found in the RACE and AFFIRM trials. More in details, the mean
costs for rate and rhythm control strategies were € 7386 and € 8284 for RACE trial and $ 20546 and
$ 25763 for the AFFIRM trial.18, 19 The great impact of atrial fibrillation on public health financial
system is impressive if we consider that in the year 2000, the 0-9-2.4% of the total UK health-care
budget was represented by the direct cost of AF.15 In 2006, Coyne et al., conducted a retrospective
analyses of three federally funded US databases reporting that national cost of hospital treatment of
non-valvular AF in the US was $6.65 billion, including $2.93 billion (44%) for hospitalizations with
a principal discharge diagnosis of AF, $1.95 billion (29%) for the incremental inpatient cost of AF as
a comorbid diagnosis, $1.53 billion (23%) for outpatient treatment of AF, and $235 million (4%) for
prescription drugs.20
Delaney et al., recently reported hospital and clinical care costs associated with atrial fibrillation for Medicare beneficiaries in the Cardiovascular Health Study and the Framingham Heart Study
showing that the adjusted incremental cost for participants with atrial fibrillation was $18,060 (95%
confidence interval: $14,965- $21,155) in the Cardiovascular Health Study and $20,012 (95% confidence interval: $15,057-$24,966) in the Framingham Heart Study.21
Moreover, a sub-study of the Euro Heart Survey of AF, analyzed the costs of atrial fibrillation in
five European countries: mean costs of inpatient admission of an AF patient were estimated at €1363,
€5252, €2322, €6360, and €6445 and mean costs incurred on an annual basis at €1507, €3225, €1010,
€2315, and €2328 in Greece, Italy, Poland, Spain, and the Netherlands, respectively; inpatient care
and interventional procedures represented the main part of the costs, accounting for more than 70%
of total annual costs in all five countries (Figure 2).22
As mentioned before, atrial fibrillation can be considered an epidemic problem and future expectations on atrial fibrillation prevalence are significant.
According to the data of statistics’ office “Eurostat”, the percentage of European total population aged more than 55 years old is expected to rise to 41% within 2060 and, as a consequence,
from 2010 to 2060, the number of adults 55 years and over with AF in the European Union will
double.23
Krijthe et al., estimated that if the prevalence of AF remain stable, the number of with AF in
the European Union could be 17.9 million by the year 2060.23 These data are comparable to those
reported by Zoni-Berisso et al., who estimated that the number of patients with AF in 2030 in Europe
would be 14-17 million and the number of new cases of AF would be 120,000-215,000 per year (estimated incidence 0.23-0.41 per 1,000 person/years).2 Future projections on prevalence of AF in the
United States are similar and several studies estimated that future numbers of adults with AF would
double within 2050, rising up to 12.1 million.12, 24, 25
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Figure 2. Mean annual cost of atrial fibrillation in five European Countries by resource category and
country (modified from Ringborg A., et al. Europace 2008;10:403-11). AF: atrial fibrillation.

In conclusion, the prevalence and incidence of atrial fibrillation have been growing remarkably
and are expected to increase even more in the next years due to the demographic transition and the
presence comorbidities among the patients with atrial fibrillation that can promote the arrhythmia
themselves. For this reason, the increased risk of stroke, morbidity and mortality related to atrial
fibrillation will dramatically impact on public health policy and healthcare costs.
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CHAPTER 2
ATRIAL FIBRILLATION CLINICAL MEANING
Giovanni Quinto Villani, Luca Rossi, Diego Penela Maceda, Andrea Biagi

1. Atrial fibrillation clinical meaning
Atrial fibrillation (AF) affects 6 million people in Europe, and its prevalence is expected to rise to
18 million by 2050, with a significant impact on health care. Atrial fibrillation is the leading cause
of hospitalizations for arrhythmias and accounts for approximately one third of hospitalizations for
heart rhythm disturbances. Indeed, atrial fibrillation hospitalizations have increased dramatically in
recent years. Epidemiological data confirms the emergence of this condition as a global epidemic.
Estimates from the Global Burden of Disease study indicated that AF was associated with an age
adjusted mortality rate of 1.7 per 100,000 people (95% uncertainty interval 1.4 to 2.1) in 2010 and
that it prevalence is increasing in both developed and developing countries. It is noteworthy that AF
is associated with an increased risk of cardiovascular and renal disease and with significant and progressive effects on estimated disability and mortality. Moreover, there is growing evidence that AF
is associated with an increased risk of sudden cardiac death. Furthermore, AF is known to co-exist
and interact with other conditions contributing to a worse prognosis than for individuals without AF
(i.e. patients with inherited cardiomyopathies, inherited cardiac channelopathies).

2. F
 actors influencing the prognosis and cardiovascular
outcomes: general considerations
2.1. AF in young-age populations
It is well known that the incidence of AF increases with increasing age and most commonly in the
presence of concomitant cardiovascular risk factors or diseases, labeling AF “a disease of the elderly”.
However, number of patients experiencing an arrhythmic event at younger age is increasing. Even
if data about the prognostic implications are not consistent across the studies, general notion often
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is that many young-onset AF patients have AF occurring in the absence of AF risk factors and have
a normal life expectancy. Recently De With et al. reported the results of the Phenotyping YoungOnset Atrial Fibrillation Patients study (YOUNG-AF) a prospective, single-centre, observational
study that was performed at the University Medical Center Groningen.1 They evaluated the clinical
profile, AF progression to permanent AF, and cardiovascular outcome of patients with young-onset
paroxysmal and persistent AF in a population of 468 patients (mean age 46±10 years, 76% men)
with a median follow-up of 7.2 (2.7-10.0) years. This study had some interesting findings. First,
only 11% of patients had young-onset AF without a risk factor or comorbidities. Hypertension and
obesity were present in one of four of cases, and familial AF was present in 25%. Moreover, 12%
of patient had AF progression to permanent AF (2%/year) and diastolic blood pressure and left
atrial size were independent factors associated with AF progression. Finally, long-term prognosis was good with an yearly cardiovascular event rate of 2.4%, but event rates were higher when
AF had progressed to permanent AF. The increase in the number of events in these patients was
mainly related to need of hospitalization for heart failure. PR interval and left ventricular hypertrophy assessed by echocardiography were associated with cardiovascular events, both being markers
of severity of associated diseases and cardiac remodeling. These data are consistent with previous
published studies that observed a worse cardiovascular outcome in patients with persistent or permanent AF compared to paroxysmal AF. Probably, in young-onset AF patient, particular attention
in detecting the development of cardiovascular risk factors over time must be made in order to
prevent AF progression.

2.2. Atrial fibrillation without comorbidities
Patients with atrial fibrillation often have several cardiovascular risk factors, structural heart disease, and comorbidities, all of which influence mortality and the cardiovascular outcomes. On the
contrary, clinical meaning and the prognosis of AF without recognized comorbidities, so called
“Lone AF”, is still not well defined due to the criteria used to define this condition. For example
the Olmsted investigators excluded from Lone AF those individuals with coronary heart disease,
valvular heart disease, heart failure, cardiomyopathy, chronic obstructive pulmonary disease, age
>60 years at time of diagnosis, and other triggers such as trauma, surgery, or acute medical illness.
As a consequence the prevalence of AF without comorbidities varies from 0.2-11% depending on
the definition used.
Recently Kim et al. described the proportion of AF without comorbidities (clinical, subclinical cardiovascular disease and triggers) among the entire AF sample in Framingham Heart Study
(FHS).2 They compared the rate of combined cardiovascular events (stroke, heart failure, myocardial infarction), as well mortality in 3 population of the FHS: patients with AF but without
comorbidities, patient with typical AF, and al a third group of age-sex cohort-matched individuals
without AF. The annual incidence of AF without clinically recognized comorbidities was 0.5 per
1000 person-years. Compared with typical AF, the AF without comorbidities group had a 33%
lower hazard of all-cause mortality, 34% lower hazard of total cardiovascular disease events, lower
incidence of heart failure (hazard ratio [HR] 0.52, P<0.001). However, the incidence of stroke,
and myocardial infarction were not different significantly. On the other hand, when compared
with the matched cohort without AF, AF without comorbidities had significantly higher risk for
all-cause mortality (HR 1.43, P<0.001), total incident cardiovascular events (HR 1.73, P<0.001)
and three-fold higher risk for heart failure (HR 2.94, P<0.001) than the group without AF.
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2.3. Clinical presentation and prognosis
Atrial Fibrillation may be associated with a wide range of clinical presentations: 1) typical (palpitations with or without other concomitant symptoms); 2) atypical (fatigue, shortness of breath, chest
pain, lightheadedness, syncope, decreased exercise tolerance, etc., without palpitations); 3) asymptomatic (AF detected incidentally during routine physical examination, preoperative evaluation,
emergency department or clinic visit for unrelated problem, etc.), with a prevalence of asymptomatic
patients almost 40%.
To date, two questions are still matter of debate. First, there is no agreement of whether clinical presentation at the first diagnosis of the arrhythmia has an impact on the risk of cardiovascular
events and all-cause mortality. Second, whether persistence of symptoms despite an optimal medical
therapy can affect prognosis or not remains unknown. Recently Siontis et al. evaluated the prognostic significance of the clinical presentation of AF in a population of 476 patients derived from
the Rochester Epidemiology Project (REP) records-linkage system, which allows complete capture
of health care utilization in Olmsted County, Minnesota residents.3 Differently from previous studies, authors employed no restrictions with regards to age, baseline risk profile or duration of symptoms, differentiated between types of presentation and if typical and atypical symptoms had distinct
effects on thromboembolic and mortality risk. The analysis demonstrated that among patients with
new-onset AF a typical presentation with palpitations was less common than atypical or asymptomatic presentation. Moreover, patient characteristics differed by presenting symptoms, as typical
AF was associated with younger age and lower CHA2DS2-VASc scores, and asymptomatic AF was
associated with male gender and diabetes. More important, presence of symptoms has important
prognostic implications. In particular patients with atypical and asymptomatic AF presentation
at the time of their first AF diagnosis experienced a 3.5-fold (HR 3.51, 95% CI 1.65-7.48) and 2.7fold (HR 2.70, 95% CI 1.29-5.66) increased risk of cerebrovascular events, respectively, compared
to those with typical even after adjustment for the CHA2DS2-VASc score, other risk factors, and
anticoagulation therapy. On the basis of these results, it is possible that score-based schemes used to
discriminate between low, intermediate, and high-risk patients can be improved by consideration of
AF symptoms.

2.4. Gender and AF prognosis
Growing body of literature suggests that women and men experience risk factors for cardiovascular
disease differently: in population with diabetes, habit of smoking and high body mass index women
showed a greater risk of cardiovascular disease than men. Among individuals with AF, female is also
considered a risk factor for stroke.
In order to determine whether AF may be considered a stronger independent risk factor for cardiovascular disease and death in women compared with men, Edmin et al. conducted a meta-analysis
of cohort studies including a total of 4,371.714 participants, 66511 of them with AF.4 The pooled
ratio of relative risks for women versus men showed a 12% greater risk of all cause mortality associated with AF in women than in men (relative risk ratio 1.12, 95% confidence interval 1.07 to 1.17).
Furthermore AF was observed to be associated with twice relative risk of stroke in women than in
men; higher relative risk of cardiovascular mortality in women than in men; 55% higher relative risk
of cardiac events (cardiac death or non-fatal myocardial infarction) in women versus men); and an
increased risk of heart failure in women compared with men. Causes of these differences are still

