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Atrial fibrillation (AF) is a complex diseasewith increasing prevalence in an agingpopulation and longer survival
with cardiovascular diseases. Whereas most clinical efforts have been aimed at predicting risk of AF sequelae
such as stroke and heart failure, little is known on primary prevention. AF risk assessment is complicated by the
existenceof distinct subtypesof AF, such as loneAFor postoperativeAF, in contrast to commonAF in the elderly.
Due to its often intermittent nature, diagnosing AF can be a challenge. Risk prediction becomes reasonable
when specific interventions arise. Due to our limited understanding of AF pathophysiology and substantial
lack of specific preventive strategies in the population, modification of the general cardiovascular risk profile
has largely remained the only option. Initial attempts at combining established risk factors for AF such as age,
sex, hypertension, bodymass index, electrocardiographic characteristics, and cardiovascular disease in a risk-
prediction instrument have produced a robust algorithm. However, known risk factors only explain a fraction
of the population-attributable risk of AF, and the search for novel risk indicators is ongoing. More efficient
monitoring for electrocardiographic precursors of AF and the field of genomics are evolving areas of AF risk
factor research. A better understanding of the underlying substrate of AF will provide targets for prevention. In
the future, clinical trials will be needed to establish risk categories, interventions, and their efficacy. Despite a
relevant public-health impact, knowledge on risk prediction and primary prevention of AF is still limited today.

Over the last decades, evidence about the anticipated
epidemic of atrial fibrillation (AF) has been accumulated,
supported by impressive data in Europe and the United
States.1–3 Increasing incidence and longer survival with AF
have led to realistic estimates of more than a doubling in AF
prevalence, from 2.0% in 2008 to 4.3% in an adult northern
European population. Projected numbers range from 25 to
30 million AF cases in Europe and to almost 16 million AF
cases in the United States in 2050.2,3 Major reasons for the
rapid increase in AF are the aging of the population and
better survival with cardiovascular (CV) diseases such as
myocardial infarction (MI) and heart failure (HF).

Age is the most prominent risk factor for AF. At the age
of 40, the lifetime risk of developing AF is 1 in 4.4 In contrast
to coronary heart disease (CHD) risk, which decreases at
older age,5 AF incidence remains high after accounting for
competing risk of death. Modern treatment options and
decreased case-fatality of CV diseases such as CHD, HF,
and valvular heart disease are likely to increase the number
of patients at risk for AF.6 In patients with manifest AF, sur-
vival is markedly reduced, with comparable death rates in
both sexes even after considering comorbid conditions.7,8

Other significant and frequent complications of AF com-
prise thromboembolic events, with AF being the cause of
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stroke in roughly 1 out of 5 cases, and HF, which becomes
manifest in approximately one-half of AF patients.9,10 Fur-
thermore, AF is accompanied by reduced health-associated
quality of life and cognitive impairment.11 Symptoms and
treatment of AF and its sequelae cause substantial direct
and indirect costs.12 In contrast to the described scenarios
that emphasize the significant public-health impact of AF,
disease prevention still is in its infancy. The reasons for the
striking discrepancy are not fully explained. Several factors
may account for the major mismatch.

Atrial fibrillation is a common, complex disease. Despite
an increasingly detailed picture of trigger substrates of AF
and structural and electromechanical remodeling, disease
mechanisms including hypertrophy and fibrosis are little
understood. Whereas the concept that AF is not a distinct
disease entity but merely a consequence of HF can no longer
be advocated, the exact pathophysiology of AF that would
provide insight into risk markers for developing disease
and targets for intervention remains largely unknown.
The phenotype of AF is heterogeneous. Rhythm-based
classification schemes subdivide AF into paroxysmal (ie,
self-terminating), persistent (episodes that last longer than
7 days), and permanent AF.13

Frequently, but not inevitably, a progression of inter-
mittent to permanent types of AF is observed during the
clinical course.14 This classification system has been ques-
tioned because it only vaguely reflects symptoms, the extent
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and severity of the underlying disease, prognosis, or indi-
cations for therapeutic intervention.15 Counterintuitively,
stroke rates in paroxysmal AF patients with risk factors
are comparable to persistent or permanent AF,16 and mor-
tality is also increased.17 An additional category is lone
AF, observed in individuals without overt cardiopulmonary
disease,18 although fibrotic changes in the atria can be
detected histologically.19 Lone AF usually becomes manifest
earlier in life and may have a stronger genetic predisposition
than common AF.20

Diagnosis of AF can be challenging due to the sometimes
intermittent nature of the disease. In addition, not all AF
episodes are symptomatic.21 Recent advances in monitoring
of arrhythmias through continuous pacemaker registration
suggest that the majority of AF episodes, in particular noctur-
nal AF, remain asymptomatic.22 Disease misclassification in
primary prevention study samples without continuous mon-
itoring may thus underestimate prevalence measures and
risk factor effects on AF and may render correct diagnosis
of AF onset more complicated.

Delayed, and in some cases difficult, diagnosis of AF may
be one reason why more effort has been put into predicting
and preventing sequelae of AF than into the prevention of
the disease itself. Current AF guidelines devote much room
and detail to rapidly emerging risk assessment and antico-
agulation regimens to reduce stroke risk.13 Over decades,
risk scores for stroke, one of the most threatening com-
plications of AF, have been developed and validated.23,24

Currently the CHADS2 and more refined CHA2DS2-VASc
scores are most widely used.25,26 Oral anticoagulation can
effectively reduce incidence of stroke,27 but at the risk of
major bleeding such as intracranial hemorrhage. Risk scor-
ing systems have been introduced to assess excess risk
of bleeding in AF patients eligible for anticoagulation, the
dilemma here being that stroke risk factors overlap with
bleeding risk to a large degree.28 Patient characteristics and
preferences balancing the risk of stroke and bleeding play
an important role in the recommendations.29 The approval
of effective new oral anticoagulants such as the direct throm-
bin inhibitor dabigatran with potentially lower event rates of
major bleeding, will change anticoagulation regimens, and
will require re-evaluation of bleeding-risk algorithms.30,31

For primary prevention, evidence is still largely missing.
Initial attempts at compiling risk-prediction algorithms for
incident AF were developed in thoracic surgery patients.32

Postoperative AF is a frequent complication in cardiac and
noncardiac surgery.33 It may represent a specific subtype of
AF that is triggered by periprocedural hemodynamics and
imbalance of the sympathetic and parasympathetic tone,
resulting in cardiac stress. The exact structural and elec-
trical pathomechanisms leading to postoperative AF are
unknown. Direct surgical manipulation and trauma alone or
on top of a preexisting substrate have been held responsible
for postoperative AF. Enhanced local and systemic inflam-
mation and oxidative stress can be measured. Systemic
biomarkers of the acute phase response, inflammation, and
oxidative stress are elevated in patients developing post-
operative AF.34,35 It has been suggested that there may
be a genetic component to postoperative AF, as shown for
the interleukin-6 promoter gene that appears to modulate
the inflammatory response to surgery and susceptibility to

postoperative AF.36 Modern atrial tissue metabolomic and
proteomic analyses support oxidative stress, acute phase,
and apoptotic pathways to be involved. Down-regulation of
glycolysis and pyruvate metabolism and enhanced ketone-
body metabolism can be observed.37,38 This rudimentary
understanding of the pathophysiology of postoperative AF
would explain why medication such as beta-blockers, drugs
affecting the renin-angiotensin-aldosterone system, statins,
and corticoids have been attributed protective effects.39–41

The antiarrhythmic drugs amiodarone and sotalol may sta-
bilize the proarrhythmic substrate for AF and reduce the
incidence of postoperative AF, at the cost of serious side
effects.42

The incidence of postoperative AF depends on patient
characteristics and type of surgery. After heart surgery,
incidence rates can rise to almost 50%. Postoperative AF
is accompanied by higher morbidity including HF and
stroke, and consecutively longer hospitalization, mortality,
and increased costs.43 In addition, first diagnosis of AF after
surgery predisposes to recurrent AF during later life. Most
known risk parameters for postoperative AF are derived
from cardiac or thoracic surgery experience. Indicators of
risk of developing AF consistently comprise age, male sex,
race, and type and extent of surgery.44 Prior AF episodes are
also predictive of recurrent AF in the perioperative phase.45

Among novel risk factors recently suggested are obesity
and electrocardiographic (ECG) characteristics, such as
P-wave duration on a 12-lead ECG.32 Large-scale validation
of risk schemes is outstanding and their ability to guide
preventive therapies needs to be assessed. The transporta-
bility of risk algorithms to nonthoracic surgery has not been
demonstrated yet.

At the population level, postoperative AF accounts only for
a small proportion of AF cases, and the pathophysiology of
AF occurrence most likely differs for common AF observed
in the community. Although the exact links with cardiac
structural, contractile, and electrical remodeling processes
remain to be elucidated, consistently reported risk indicators
of AF are sex, advancing age, body mass index, hyperten-
sion, HF, MI, and valvular heart disease.46,47 Although there
is considerable overlap with other CV diseases, there are dif-
ferences in magnitude and ranking of risk factors. Diabetes,
though consistently related to incident AF,48 and smoking
are less strongly associated with AF than with other CV
diseases. Risk factors more specific to AF are ECG changes,
such as PR interval as possible precursors of AF.

Most of these variables are easily available in clinical
practice and have been combined in a first attempt at
providing a risk-prediction tool for incident AF in the
community.49 The risk algorithm showed good model fit
and calibration. Interestingly, echocardiographic informa-
tion on cardiac structure and function did not seem to
improve the risk function to a clinically relevant extent,
except for subgroups with HF or valvular heart disease in
which cardiological workup is indicated anyway. Additional
measurement of the inflammatory biomarker C-reactive pro-
tein or B-type natriuretic peptide as an indicator of cardiac
stress improved the discriminatory ability of the risk func-
tion marginally.50 But the benefit in risk information gained
through measurement of the 2 biomarkers may not be
justifiable for screening due to the related costs.
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Figure 1. Generation, evaluation, and refinement of AF risk-prediction tools and primary prevention. * Biomarkers in the broad sense of objectively
measurable and quantifiable characteristics correlated with normal biology and disease. Arrow means ‘‘informs.’’ Abbreviations: AF, atrial fibrillation.

The initial risk score was validated in independent
cohorts with similar performance characteristics.51 Despite
well-known differences in AF risk factor burden in African
Americans, the magnitude of association was comparable
to whites and the risk function performed equally well.
However, the risk factors combined only accounted for a
maximum of 64% of the population-attributable risk across
cohorts. Efforts are underway to further improve the risk
function and assess its performance in different types of
samples.

Multiple novel risk indicators have been suggested in con-
text with AF over the last decade that may help to improve
the initial risk score. Among them race,52 sleep apnea,53

and kidney disease54 have been studied most extensively.
Some risk factors may apply in specific individuals, as has
been reported for thyroid status.55 Increasing availability of
rhythm control or monitoring devices, and the identification
of ECG predictors of AF, may support detection of precur-
sors of AF and early diagnosis of disease in populations at
high CV risk.56

A rapidly evolving field of AF risk assessment is
genetic epidemiology, which will provide insights into
pathophysiology and risk stratification. The susceptibility
to AF is heritable, and a positive family history in at
least 1 parent almost doubles the risk of developing AF,
in particular in younger individuals.57 In these initial studies
that published results on the relevance of parental AF,
ECG validation of AF was available in both generations.
In practice, a family history of AF is more difficult to
accurately obtain than for drastic events such as stroke
or MI. More objective genetic markers will be necessary to
achieve reliable risk estimates. Whereas familial AF is highly
heritable,58 common types of AF are complex diseases
with a less well-established genetic background. From
candidate and genome-wide association studies we have
gained insights into the genetic architecture and potential
pathophysiological mechanisms of AF across different
ethnicities.59,60 The risk conferred by the identified genetic
variants, however, is modest and will not significantly
improve risk prediction of AF in the general population
at the present stage. Large-scale consortium efforts are

ongoing with the aim to estimate the value of genetic
testing for disease prediction. Deeper insights are needed to
comprehensively elucidate the role of genomics in AF risk.

In the practice setting, the gain in information using addi-
tional risk factors always needs to be weighed against the
increasing complexity of the risk-prediction model and addi-
tional costs arising from the determination of the respective
risk factor. Importantly, risk assessment in AF is supposed
to help guide clinical decision-making. For this reason, spe-
cific actions should arise from a certain risk score. Present
risk categories are data-driven and do not result in specific
interventional recommendations, except for the intuitive
optimization and treatment of modifiable risk factors with
the hope to modify the substrate of AF. Clinical trials will be
needed to establish risk categories, test interventions, and
assess the cost-benefit ratio of novel risk factors (Figure 1).

In conclusion, we are only at the beginning of valid
and reliable risk prediction in AF. Initial risk-prediction
algorithms for incident AF perform satisfactorily but need
to show their transportability to different settings and
ethnicities. Known risk factors explain only a moderate pro-
portion of the population-attributable risk and leave room
for improvement. Convincing preventive strategies need to
be developed based on the identified risk factors. In return,
their performance will help to refine risk categories and
choice of risk indicators. The success story for coronary
artery disease with a significant decline in CHD deaths
teaches us that primary prevention can be highly effec-
tive. Risk factor research at all levels, from understanding
pathophysiological mechanisms and the epidemiology of
AF to the identification of precursors of disease, will inform
the development of accurate risk-stratification instruments,
optimize early diagnosis of AF, and, ultimately, optimize the
implementation of preventive strategies to reduce the public
health burden of AF.
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