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Abstract

Atrial fibrillation (AF) in the elderly occurs as a consequence of cardiovascular aging and an age related increase of comorbidity. Several
predisposing factors for AF have been identified for the overall AF population. Most of them, cardiovascular disease in particular, play a role
in younger and older patients. The longer time period during which these risk factors can cause structural changes that ultimately lead to AF

may, at least in part, explain the association between age and AF. In addition, less well defined age-related changes in cellular electrophysi-

ologic properties and structure predispose to AF in the elderly.
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1 Introduction

Atrial fibrillation (AF) is the most frequent clinically sig-
nificant arrhythmia and its incidence is continuously ris-
ing.l"! This increase is at least in part due to the aging of the
population. Studies have also demonstrated an increase in
AF incidence after age adjustment, which is probably a re-
flection of comorbidities and cardiovascular risk factors, in
addition to other factors such as lifestyle changes."* It is
expected that in the European Union the number of subjects
age > 55 years with AF will more than double between
2010 and 2060, from 8.8 to 17.9 million.”! Likewise, it is
expected that in the US more than 5.6 million people will
have AF in 2050, and half of them will be older than 80
years."! The anticipated increase in AF may also be related
to an earlier and more frequent diagnosis across all age
groups due to better awareness of the arrhythmia and its
complications and more frequent ECG monitoring over
longer periods of time. In addition, improved treatment and
subsequently improved survival of patients with cardiovas-
cular disease may lead to an increase in individuals with AF
compared to the past.

The association of AF with increasing age is well recog-
nized and has been shown by several epidemiological stud-
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ies.""! The risk of developing AF doubles with each pro-
gressive decade of gaining and exceeds 20% by age 80
years.™ Although important and well established, age is not
the only risk factor associated with AF. The arrhythmia
shows wide heterogeneity regarding comorbidities and
age.”? While it is observed frequently in older patients, it is
also observed in young people and those without any co-
morbidity.

AF etiology in the elderly likely differs from younger pa-
tients.""”? The EORP-AF general pilot registry was designed
to gain information regarding AF management in Europe.
Based on these registry data, Fumagalli, et al.,!'"! analyzed
differences in presentation, co-morbidities and treatment of
AF according to age. One third of patients in this registry,
more than 1000 were > 75 years of age. Older patients more
often had persistent or permanent AF compared with younger
patients. They also had a higher prevalence of comorbidities,
including coronary artery disease, chronic heart failure in-
cluding a substantial proportion of patients with heart failure
with preserved ejection fraction, chronic kidney disease,
chronic obstructive pulmonary disease (COPD), valvular
heart disease and hypertension. Previous hemorrhagic events
and transient ischemic attack (TIA) were reported more
often in older patients. All these comorbidities led to higher
CHA,DS,-VASc and HAS-BLED scores. With regard to
symptoms, older patients reported palpitations less frequently,
but reported dyspnea more often. They appeared to do better
with rate rather than rhythm control,!"* which was also the
preferred management in older patients.'"!

This article summarizes risk factors for AF and associ-
ated pathophysiological changes, both in the general AF
population, and with respect to the elderly patient.
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2 Risk factorsfor development of AF

For the overall population, several risk factors for AF
development have been identified. They all contribute to AF,
each factor individually, and in combination with each other.""”!
Risk factors for incident AF (after age-adjustment) in the
Framingham cohort were cigarette smoking, diabetes melli-
tus, hypertension, and prevalent CAD. Combined, they ex-
plained 44% of the burden of AF in men and 58% in
women."*! The absolute and attributable risks of AF in rela-
tion to optimal and borderline risk factors were studied in
The Atherosclerosis Risk in Communities (ARIC) Study.!"”!
Overall, 56.5% of AF cases could be explained by one bor-
derline or elevated risk factor of which elevated blood pres-
sure was the most important contributor.!"® Thus, in a high
number of cases, AF is associated with acquired risk factors
that should be amenable to preventive measures.

While some risk factors are well established, others are
rather new. Because different risk factors may cause the
same electrical and structural changes that predispose for
AF and several factors are frequently present in an individ-
ual patient, quantification of a given factor’s specific impact
on AF development is a futile effort.

Across all age groups, the incidence of AF is higher in
men than in women." It is unknown whether this difference
is due to sex itself or just a phenomenon of under-diagnosed
AF in women and/or over-diagnosed AF in men due to dif-
ferent symptom intensity or/and differing medical attention.
Hypertension is the number one risk factor globally.” The
higher the blood pressure, the greater is the risk for incident
AF.[1317

Like hypertension, heart failure is associated with an in-
crease in atrial pressure and/or volume overload and dia-
stolic ventricular dysfunction, which may lead to atrial dila-
tation and fibrosis, the electrical and structural changes pro-
viding the basis for AF development. While hypertension is
an important and well established risk factor for AF, heart
failure is less well defined and has not been studied as ex-
tensively. Valvular heart disease, particularly left sided dis-
ease, leads to atrial pressure and volume overload and is
associated with AF development. Both passive atrial stretch
and an increase in atrial pressure during atrial contraction
have been found to stimulate the release of atrial natriuretic
factor. The level of this neurohormonal activation was
found to be a predictor of paroxysmal AF. Diabetes mellitus
and hyperthyroidism have also been recognized as inde-
pendent risk factors for AF. Coronary artery disease and
chronic kidney disease are risk markers for AF as well.!'*!*]
High body mass index (BMI) which is often associated with
sleep apnea ranks sixth in the global list.” High BMI is also

associated with increased left atrial volume. COPD appears
to be associated with progression from paroxysmal to per-
sistent and permanent AF.

Less well-established risk factors are tall stature, in-
creased epicardial fat, high birth weight, alcohol consump-
tion, smoking and high-level endurance training. Obesity
has recently received increasing attention as a risk factor for
AF based on epidemiological, mechanistic and clinical evi-
dence.!"” It carries a strong link to metabolically active atri-
al epicardial fat tissue."*"

Genetic factors, both monogenic and polygenic, have re-
cently been identified as risk factors for AF. A positive fam-
ily history of AF nearly doubles the risk of developing
AF.”Y Early-onset AF in particular appears to have a strong
heritable component that is independent of concomitant
cardiovascular conditions.”***) Up to one third of AF pa-
tients carry common genetic variants that predispose to AF.

Inflammation has been suggested as pathophysiological
mechanism in AF development and perpetuation.** The
causal role of inflammation in structural atrial damage has
been reinforced by experimental studies.'”” Inflammation
has been studied predominantly in post-operative AF, and
its role is less well established for other forms of AF.

Left atrial (LA) enlargement has also been described as
risk factor for AF."® In a study by Tsang, et al.,” LA
volume was confirmed to be independent of both clinical
risk factors and diastolic function profile for the prediction
of AF. Whether LA enlargement is the hen or the egg with
regard to AF is not known, only patients with new onset of
AF were included in the study. Still it is possible that pa-
tients already had asymptomatic episodes of AF over some
time that led to left atrial enlargement.

There is also an association between sick sinus syndrome
(SSS) and AF. Like AF, SSS is diagnosed more often in
men, increases with age and is associated with several car-
diovascular risk factors like hypertension, diabetes and
higher body mass index.”*” In addition, SSS can have a ge-
netic background. It can manifest as bradycardia with or
without tachycardia-bradycardia syndrome.””? Both forms
of SSS, with and without tachycardia-bradycardia syndrome,
are correlated with severe structural and electrical remodel-
ing, thereby predisposing for AF.

Recently, advanced interatrial block, first described by
Bayes de Luna., et al.,”® has been shown in the ARIC study
to be associated with an increased risk for AF after adjust-
ment for socio-demographics, cardiovascular risk factors,
and potential confounders.*”

Cardiovascular comorbidities and other risk factors as
well as AF itself induce a slow but progressive process of
structural remodeling in the atria.l’””! Activation of fibro-
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blasts, enhanced connective tissue deposition, and fibrosis
are the hallmarks of this process. In addition, atrial fatty
infiltrations, inflammatory infiltrates, myocyte hypertrophy,
necrosis and amyloidosis are found in patients with con-
comitant conditions predisposing to AF. In many patients,
the structural remodeling process occurs before the onset of
AF.?% In addition to structural changes, AF induces electri-
cal and autonomic tone remodeling. The relative contribu-
tion of underlying primary conditions versus AF itself to the
clinical progression of AF is presently unclear.*"!

In the German Atrial Fibrillation Network (AFNET) reg-
istry, the likelihood that patients had persistent or permanent
AF increased with the number of risk factors in a given pa-
tient.’!) The “HATCH” score, including the risk factors
heart failure, age, previous TIA or stroke, COPD and hy-
pertension, was proposed to identify patients with AF pro-
gression."”) This emphasizes the fact that several risk fac-
tors typically coexist and act in combination.

The impact of each risk factor may vary by age. Genetic
factors, obesity and endurance sports likely play a larger
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role in younger patients, while other factors are more
prevalent and relevant in older patients. Their contribution
to AF in an individual patient, especially in combination
with the risk factor “age” which discussed below, is un-
known, but likely depends on disease severity and conse-
quent treatment.

3 “Ag€’ asarisk factor for AF

Aging involves a relentless and systematic process of
degeneration in living organisms leading to attenuation of
most biochemical and physiological functions.”” “Age” as
risk factor remains to be defined and the rate at which aging
occurs is different between individuals. Most studies define
“clderly” as those patients older than 65 years.'") At the
same time, it is generally accepted that calendar age and
biological age are not synonymous. At least from an epide-
miological standpoint, there is a marked increase in AF be-
tween 60 and 65 years (Figure 1).1*"

It is well known that aging increases the propensity for
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Figure1l. Depiction of the AF prevalencein different studies. There is a steep increase in AF prevalence across all studies between 60
and 65 years of age (red line). Adjusted from citation [31] with permission. AF: atrial fibrillation.
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occurrence of AF.’***) The pathophysiologic mechanisms,
though, by which aging increases the likelihood for AF
development remain poorly understood.*® A longer time
period during which the atrial myocardium is exposed to
external stressors, i.e., risk factors, likely plays a role in the
association of age and AF as well. Most elderly patients
present with one or more comorbidities. It appears very dif-
ficult if not impossible to distinguish the impact of these
comorbidities from true “age” related factors.

There are only limited experimental and even less clini-
cal data that relate to “age” as a predisposing factor for AF
despite the overwhelming evidence of the close association
between increasing age and AF. While AF generally is more
prevalent in men than in women in the AFNET registry,
women outnumber men in the age group above 80years,”")
likely because they live longer than men. Since men typi-
cally acquire more cardiovascular risk factors, it could be
hypothesized, that theses comorbidities play a larger role for
AF than the risk factor “age”.

The atrial myocardium undergoes electrical and struc-
tural remodeling with age, both of which may play an im-
portant role in the initiation and/or perpetuation of atrial
arrhythmias.***” Changes in atrial tissue structure appear to
be of major importance in providing a substrate for AF.

Structurally aged atrial bundles are characterized by en-
hancement of the fibrous tissue that is interspersed between
myocytes.”" Cardiac fibrosis is characterized by excessive

accumulation of fibrillary collagen in the extracellular space.

It may result from age-dependent cardiomyocyte loss (re-
placement fibrosis),” or it may be an interstitial response
to chronic diseases such as hypertension, myocarditis, and
congestive heart failure (reactive fibrosis).”” Fibrosis is
ubiquitous in the atria of the aging heart and the hallmark of
the structural AF substrate.’” Both, increased non-uniform
atrial interstitial fibrosis’™ and atrial conduction slowing
have been shown in patients with AF.*"!

Age-related electrical changes due to ionic current altera-
tions include modifications in the cellular action potential
shape and duration as well as an enhanced dispersion of
cardiac repolarization.®" This has been shown in canine
models and in human tissue. Anyukovsky, et al.,*") showed
that conduction velocity for premature beats was reduced in
older canine hearts and occurred during a wider time win-
dow. Again, they found a twofold increase in the amount of
fibrous tissue. In a rat model, Hayashi, et al.,* showed that
old rats had significantly longer interatrial conduction time
and P wave durations compared with young rats. AF was
inducible in old rats, but not young rats. As reported by oth-
ers, histology revealed a significant increase in interstitial
atrial fibrosis, atrial cell size, and heart weight.

Arterial stiffness increases with age and predicts coro-
nary artery disease, stroke and mortality.*”! Fumagalli, et
al.,"™ reported a significant association between arterial
stiffness (measured as cardio-ancle vascular index on both
upper and lower extremities) and age in a small group of
patients. Of note, this index was not affected by hyperten-
sion, coronary artery disease, cerebrovascular disease, chro-
nic renal failure and heart failure, all known to be risk fac-
tors for AF. Arterial stiffness was also associated with in-
creased left atrial diameters, but the exact interaction be-
tween arterial stiffness, left atrial and left ventricular proper-
ties (i.e., stiffness) could not be fully explained by their ob-
servations. The majority of AF cases may be the conse-
quence of risk factors causing increased arterial stiffness,
diastolic dysfunction, and atrial volume overload.***! Re-
cently, the association between age-related arterial stiffness
and persistence or recurrence of AF has been studied.”*® For
each one-unit increase in cardio-ancle vascular index, the
risk of finding AF at the control visit was 2.31 times higher.
When using pulse pressure as marker of arterial stiffness,
participants of the Framingham Heart Study were found to
have an increased risk for AF as well.[*’!

Diastolic left ventricular dysfunction with abnormal left
ventricular relaxation is very common in the elderly and has
been regarded as part of the normal aging process.*! Al-
though this form of left ventricular relaxation abnormality is
considered the mildest one, patients with this form of dia-
stolic dysfunction have a greater risk for AF independent of
the effects of age. Pathophysiologically, LV relaxation ab-
normalities may lead to the development of higher atrial
pressures during atrial diastole by reducing passive LA
emptying. Over time, LA and pulmonary veins could dilate
and potentiate electrical and structural remodeling thereby
increasing vulnerability to AF. In a study by Tsang, et al.,*”)
the diastolic dysfunction profile was incremental to clinical
risk factors and left atrial volume. Furthermore, the gradient
of risk appeared to be related to the severity of diastolic
dysfunction.

4 AF progression

AF is typically seen as a progressive arrhythmia, where
structural and electrophysiological changes lead to persis-
tent and permanent AF over time. This progression, though,
differs widely between patients. Progression of AF from
paroxysmal to persistent is faster in older patients and those
with underlying heart disease.***”) Saksena, et al.,*” ana-
lyzed data of patients (mean age of 70 + 10 years) with
paroxysmal AF and a dual chamber pacemaker. AF pro-
gression was observed in 24% of patients and associated
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with a progressive increase in AT (atrial tachyarrhyth-
mia)/AF burden. This increase was highly correlated with
the presence of structural heart disease, which was inter-
preted as a relation between AF progression and substrate
rather than trigger-based progression. Still it remains un-
clear, why paroxysmal AF may remain self-terminating for
decades in some patients, but progresses to persistent AF
within weeks in others.”)
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