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Familial clustering of atrial fibrillation and

comparative longitudinal outcomes of

familial and non-familial atrial fibrillation

Several studies have suggested that family history of atrial fibrillation (AF) is an
important risk factor for AF, with several specific genetic regions now implicated
through Genome Wide Association Studies. In addition, familial AF is associated with
earlier age of onset and affects patients with fewer comorbid conditions than their
non-familial counterparts. While those with familial AF have worse symptoms, all-
cause mortality and risk of thromboembolic complications are similar among familial

and non-familial AF patients.
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Atrial fibrillation (AF) is the most common
sustained arrhythmia in clinical practice [1].
Its incidence and prevalence are increasing,
and in 2010 an estimated 20.9 million males
and 12.6 million females were diagnosed
with AF globally [2]. AF is associated with
up to fivefold increased risk of thrombo-
embolic complications [13-4]. This risk is
reduced through treatment with antithrom-
botic agents, but still remains increased
in comparison with those without AF [s).
Even though many risk factors for AF
have been identified (e.g., advancing age,
sex [male], valvular heart disease, obesity,
hypertension, alcohol abuse, and heart
failure), the exact pathophysiology of AF
remains unknown [6-12]. Although, certain
genetic factors have been linked to AF it
is still uncertain to what degree a family
history of AF influences both the risk of AF
and subsequent outcomes.

Familial AF

In 1997, Brugada ez al. screened the human
genome and performed a genetic-linkage
analysis in members from a large family in
which AF segregated as an autosomal domi-
nant disease. They found the disease locus
for this familial form of AF to be located

at chromosome 10q22-q24 [13]. Since then,
several studies have identified multiple
genetic regions to correlate with lone AF
and AF in general [14-34]. These monogenic
variants of AF are associated with large effect
sizes, but the genetic variants are rare [12].
Since 2007, several large Genome Wide
Association Studies (GWAS) have identified
genomic regions associated with AF [35-33].
These studies compare allele and genotype
frequencies of specific single nucleotide
polymorphisms in AF patients and indi-
viduals without AF and identify genomic
variants associated with AF. In these studies,
the recognized genomic regions are more
common, but have lower effect sizes than the
monogenic variants of AF [12]. Since 2007,
regions located on chromosomes 4q25,
16922 and 1q21 [35-38] have been identi-
fied, and in a meta-analysis Shoemaker ¢ al.
furthermore found the chromosome 4q25
SNP 152200733 to be significantly associ-
ated with recurrence of AF after catheter
ablation for AF [39].

Recently epidemiological studies exam-
ining the magnitude of heritability in
AF [40-46] have found a familial aggrega-
tion of AF and suggested a family history
of AF to be an important risk factor for
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the development of AF. The acknowledgement of
a familial form of AF should lead to considerations
regarding the potential differences in the disease
course in familial and non-familial AF and ultimately
whether the two patient groups would benefit from
different treatment strategies.

Familial clustering of AF in a nationwide
cohort

In a previous study, we estimated the incidence of
AF among first-degree family members to patients
diagnosed with AF in the period from 1978 to 2012.
We used Danish registries and thereby constructed
a nationwide cohort of individuals. We sought to
clarify whether a family history of AF independently
and incrementally contributed to the longitudinal
risk of developing AF. The study found a signifi-
cantly increased risk of AF among first-degree family
members to AF patients compared with the general
population with the highest incidence of AF among
individuals with a sibling diagnosed with AF (rate
ratio of AF compared with the general population:
5.20; 95% CI: 4.61-5.85). Furthermore, this increased
risk of AF seemed to be age-dependent, with higher
risk of AF among those whose AF-proband was diag-
nosed before the age of 50 years (Figure 1) [46]. These
findings were in accordance with previous studies.
In 2004, Fox et al. reported an increased risk of AF
among children with a parent diagnosed with AF. As
in our study, this risk increased with younger age of AF
diagnosis in the proband [40.46]. In 2010, Lubitz ez al.
reported the risk of AF in first-degree relatives to AF
patients in The Framingham Heart Study, a large
prospective population-based cohort study. Again, an
increased risk of AF was seen in relatives to AF patients
and this risk was furthermore inversely related to the

age at which the first-degree family member developed
AF [41). In 2012, a Danish nationwide cohort study by
QOyen et al. investigated the risk of developing lone AF
before the age of 60 years when a first-degree family
member was diagnosed with lone AF. The study found
a family history of lone AF to be associated with a sub-
stantial risk of lone AF in first-degree family members,
and again the highest risk of AF was found to be asso-
ciated with young age at AF onset in the proband [4s].
The mechanisms behind the increased risk of AF in
family members to AF patients can possibly include
genetic as well as lifestyle factors aggregated in families.
The consistent findings of an increasing risk of AF to be
inversely related to the age at which the proband devel-
oped AF support a genetic predisposition to AF. This is
further supported by a study from 2006 by Arnar ez al.
that found an exponential decline in the risk of AF in
relatives to AF patients by degree of relatedness [43).

Disease course in familial AF

Using a prospective multicenter outpatient data-
base, the Outcomes Registry for Better Informed
Treatment of AF (ORBIT-AF), including approxi-
mately 10,000, mostly Caucasian AF patients [47], we
addressed potential differences in patient characteris-
tics and disease course in familial and non-familial AF
patients. Familial AF was defined as AF in an individ-
ual with a first-degree family member diagnosed with
AF. In this study, 14.8% of the AF patients reported
a family history of AF. These patients were diagnosed
with AF in a younger age (median age 65 years, IQR
63-79 vs 70 years, IQR 61-77; p < 0.01) and fewer
were male (55.2 vs 58.1%; p = 0.04) than in the non-
familial AF group. Regarding other risk factors for
developing AF, patients with familial AF in general
had a higher BMI than patients with non-familial AF
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Figure 1. Adjusted rate ratios of atrial fibrillation among relatives to atrial fibrillation-probands compared with
the general population. Associated relatives were defined as first-degree family members to AF patients.

AF: Atrial fibrillation; y: Years.
Reproduced with permission from [46].
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(median BMI 29.9 [IQR 26-35] vs 29.0 [IQR 25-34];
p < 0.01), they were less likely to suffer from heart
valve disease compared with non-familial AF patients
(22.2 vs 25.9%; p < 0.01) while no differences existed
regarding prevalence of heart failure (32.4 vs 30.1%;
p = 0.25) and hypertension (81.8 vs 83.1%; p = 0.22)
at AF diagnosis among familial and non-familial AF
patients. In general, the familial AF patients had less
comorbid illness (chronic obstructive pulmonary dis-
ease, prior stroke or transient ischemic attack [TIA],
heart failure, ischemic heart disease), and suffered
from more disabling symptoms (measured by the
European Hear Association Score of AF [EHRA-
score]) than those without a family history of AF. This
difference remained in an analysis matching the famil-
ial AF patients with non-familial AF patients upon
age and gender. This has to our knowledge never been
described before and the mechanism behind remains
unknown. The EHRA-score is a subjective scale, and
a possible explanation for more enabling symptoms in
the familial AF group could be increased awareness of
the symptoms among those with a family history of
the disease. It is also possible that some genetic forms
of AF differ from AF in general, and may have more
enabling symptoms.

We also compared the familial and the non-familial
AF patients in terms of their longitudinal adjusted risk
of AF progression (paroxysmal AF to persistent AF, or
paroxysmal/persistent AF to permanent AF), stroke or
non-CNS embolism or TTA, all cause hospitalization,
and all-cause death. This study had a median follow-
up time of 24 months and during this time we found
no differences in the risk of these four outcomes in
patients with familial AF compared with those with
non-familial AF (Table 1) [47].

Because of the limited follow-up time of this study,
we conducted a new study to compare the long-term risk
of death and thromboembolic complications in familial
and non-familial AF patients. As in the first study esti-
mating the risk of AF among first-degree family mem-
bers to AF patients, we used the Danish nationwide
registries. We identified all AF patients in Denmark
diagnosed with AF in the period from 1995 to 2012
who had a parent or a sibling diagnosed with AF prior
to their own diagnosis. These were defined as familial
AF patients, and were subsequently matched upon age,
gender and year of AF diagnosis with non-familial
AF patients, defined as AF patients without a family
history of AF. The two patient groups were followed for
a median time of 40 months (IQR 17-78 months) and

Table 1. Association between a family history of atrial fibrillation and atrial fibrillation progression’, stroke or non-

CNS embolism or transient ischemic attack, all-cause hospitalization, and all-cause death.

Outcome No family history Family history
of AF: events of: events
(events per 100 (events per 100
patient-years) patient-years)

First AF 1346 (14.74) 239 (14.48)

progression

First stroke 259 (1.63) 39 (1.36)

or non-CNS

embolism or

TIA

All-cause first 3970 (34.78) 686 (33.30)

hospitalization

All-cause 891 (5.53) 128 (4.42)

death

permanent.
FAdjustments:

history of stroke or TIA.

congestive heart failure, age, and functional status.

Data taken with permission from [47].

Unadjusted HR (95% CI) p-value
for family history of AF

0.99 (0.84,1.15) 0.8537 0.98 (0.85,1.14)
0.83 (0.59,1.17) 0.2827 0.95 (0.67,1.34)
0.96 (0.88,1.04) 0.3331 1.03 (0.94,1.12)
0.82 (0.68,0.99) 0.0388 1.05 90.86,1.27)

Adjusted HR (95% CI) p-value
for family history AF*

0.8420

0.7643

0.5331

0.6454

First AF progression was defined as either progression of AF at baseline from paroxysmal to persistent, from persistent to permanent or from paroxysmal to

e First AF progression: most recent 12 lead ECG - atrial fibrillation or atrial flutter, heart rate, congestive heart failure, age at baseline, degree of left atrial
enlargement, prior cardioversions, race, sinus node dysfunction/sick sinus syndrome, anemia, and type of AF at baseline.
e First stroke or non-CNS embolism or TIA: dialysis, AF type, peripheral vascular disease, AV Node/HIS bundle ablation, weight, hypertension, age at baseline, and

e First hospitalization (all-cause): age at baseline, BMI, weight, osteoporosis, height, prior PCI, cancer, obstructive sleep apnea, anemia, frailty, insurance status,
history of CAD, principal investigator/site specialty, prior antiarrhythmic drug use, peripheral vascular disease, functional status, heart rate, diabetes, hematocrit,
eGFR, COPD, diastolic blood pressure, EHRA score, and congestive heart failure.
e All-cause death: level of education, current AF management status, cognitive impairment/dementia, hyperlipidemia, eGFR, degree of left atrial enlargement,
cancer, diastolic blood pressure, intraventricular conduction, frailty, height, heart rate, hematocrit, diabetes, smoking, systolic blood pressure, COPD, BMI, sex,

AF: Atrial fibrillation; CAD: Coronary artery disease; COPD: Chronic obstructive pulmonary disease; eGFR: Estimated glomerular filtration rate; EHRA: European Heart
Association Score of AF; ECG: Electrocardiography; HR: Hazard ratio; PCI: Percutaneous coronary intervention; TIA: Transient ischemic attack.
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their risk of all-cause death and thromboembolic events
were compared. In concordance with our previous work
the familial AF patients of this study were younger at
their AF debut than AF patients in general (median age
50 years, IQR 4354 years) and in the age, gender, and
year matched population of familial and non-familial
AF patients, the familial AF patients suffered from
less comorbid illness (alcohol abuse, diabetes, ischemic
heart disease, peptic ulcer, peripheral vascular disease
or a prior shock/sepsis). No differences existed in prev-
alence of hypertension and heart failure among familial
and non-familial AF patients (27.1 vs 26.1%; p = 0.29
and 16.0 vs 16.0%; p = 1.00, respectively) while fewer
patients with familial AF than non-familial AF had a
diagnosis of alcohol abuse (1.9 vs 2.7%, p = 0.03). As
was the case in our study from the ORBIT-AF data-
base [47] we found no differences in the longitudinal
risk of death and thromboembolic complications in
familial and non-familial AF patients (Figure 2) [48].
These studies presented here are to our knowledge the
first examining the course of familial AF including
long-term outcomes. They add important new
knowledge regarding to which degree a family history
of AF is a risk factor for developing AF and also for the
subsequent risk of adverse outcome.

Inherited genes or inherited lifestyle?

In spite of plenty of genetic studies identifying specific
and rare monogenic versions of AF, GWAS studies
presenting common genomic variants associated with
AF, and epidemiological studies finding a family
history of AF to be an important risk factor for AF,
we still do not know to what degree these findings are
linked. The genetic studies do not say anything about
the incidence of genetically inherited AF while the
epidemiological studies are lacking information about
causation. The proportion of AF patients who had a

family history of AF was almost 15% in the study from
the ORBIT-AF registry [47]. So the question is whether
only a few or all 15% of these patients were genetically
predisposed to AF or whether they developed AF
because of other genetically inherited comorbidities
(e.g., hypertension) associated with AF or due to shared
AF risk factors among close family members. In the
epidemiological studies, familial AF was diagnosed at
a younger age and with less concomitant comorbidities
than non-familial AF. In our previous work, no
differences existed among familial and non-familial
AF patients regarding prevalence of hypertension and
heart failure [47.48]. In the ORBIT-AF registry, the
familial AF group consisted of significantly fewer
male patients than in the non-familial AF group, and
patients with familial AF suffered from less heart valve
disease than patients with non-familial AF [47). In the
Danish registries, significantly fewer patients with
familial AF suffered from alcohol abuse compared
with the non-familial AF patients [48]. All of these
factors increase the risk of getting AF [12], and the fact
that patients with familial AF had lower or the same
prevalence of these risk factors points in the direction
of a genetic explanation to familial AF. On the other
hand, being overweight is also a well-known risk factor
for AF, and in the ORBIT-AF registry, the familial
AF patients had a significantly higher BMI than the
non-familial AF patients (no data on BMI were avail-
able in the Danish registries) [47]. In 2010, Christo-
phersen ¢z al. examined the risk of AF in twins whose
twin sibling was diagnosed with AF. By using biomet-
rical models they suggested that more than half of AF
cases are due to genetic additive effects [42]. Obesity
may, therefore, contribute to the increased risk of AF
among individuals with a family history of AF.

It seems like the clinician should be aware of a
familial predisposition to AF but also keep other risk

Groups Events Person years Incidence ratet Crude HR [95% CI] Adjusted HR [95% CI]
All-cause death
Non-familial AF 470 52.2 24.7 1.00 [1.00-1.00] . 1.00 [1.00-1.00]
Familial AF 400 52.8 20.8 0.85[0.74-0.97] m 0.91 [0.79-1.04]
Thromboembolic event
Non-familial AF 152 51.2 8.1 1.00 [1.00-1.00] - 1.00 [1.00-1.00]
Familial AF 141 52.1 7.4 0.92[0.73-1.15] HH 0.90[0.71-1.14]
0.50 1.00 2.00

Adjusted hazard ratio [95% Cl]

Figure 2. Incidence rates and adjusted hazard ratios of long-term outcomes according to family history of atrial

fibrillation.

'Per 1000 person years.

AF: Atrial fibrillation.

Reproduced with permission from [48].
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factors for AF in mind when consulting AF patients
with a family history of AF. At last, it is important
to keep in mind that the majority of the reviewed
studies were conducted on primarily Caucasian
patients, and the results should be interpreted with
caution with regard to other human races.

Treatment of familial AF: should it differ
from general guidelines?

In this paper, we have reviewed our previous work
regarding familial AF. The data originate from a
US prospective multicenter outpatient database
(ORBIT-AF) with a median age of the familial AF
population on 65 years and from retrospective nation-
wide registries from Denmark with a median age
of the familial AF patients at 50 years. The studies,
therefore, cover a wide range of AF patients and
thromboembolic risk.

Our study of familial AF in the ORBIT-AF registry
found familial AF patients to suffer from more symp-
toms than non-familial AF patients, but when looking
at longitudinal outcomes as AF progression, all-cause
hospitalizations, thromboembolic complications, and
all-cause mortality no differences were found between
the two groups of patients [47]. This was confirmed in
our latest work, where no long-term differences were
found in terms of risk of death and thromboembolic
complications in familial versus non-familial AF
patients [48]. So, the latest research comparing familial

and non-familial AF patients in terms of their long-
term complications does not indicate a need for differ-
entiation of the antithrombotic treatment according to
family history of AF. More aggressive antiarrhythmic
therapy and rhythm control may be beneficial in
familial AF patients because of their more disabling
symptoms. Regarding catheter ablation of AF, the study
by Shoemaker et 4l. found patients with chromosome
4q25 SNP 152200733 to be more likely to have recur-
rence of AF within a time period of 12 months from
the catheter ablation [39]. This may suggest personalized
selection of patients for catheter ablation including
genetic tests, but more research in this point of area is
definitely needed.

Future perspective

The majority of AF patients develop the disease
without any family history of AF, probably because
of lifestyle factors and comorbid illness predisposing
to AF. The acknowledgement of a familial form of
AF has led to considerations whether familial and
non-familial AF actually differs in disease course
and in the long-term risk of complications. When
looking at familial AF as a whole in population
science studies we found no differences in important
long-term end points in familial and non-familial AF
patients. This indicates that a family history of AF
in itself does not influence on the course of AF but
it still remains unknown whether AF patients with

Executive summary

Familial atrial fibrillation
members diagnosed with AF.
Familial clustering of AF in a nationwide cohort

members.
Disease course in familial AF

illnesses.

patients.

Inherited genes or inherited lifestyle?

and non-familial AF patients.
Future perspective

associated with AF is warranted.

e Three genomic regions have been associated with atrial fibrillation (AF).
e AF accumulates in families and the risk of AF is substantially increased in individuals with first-degree family

¢ The younger the age at which the proband develops AF, the higher the risk of AF in the first-degree family

e Familial AF patients develop the disease in a younger age than non-familial AF patients and with less comorbid
e Familial AF patients suffer from more disabling symptoms than age and gender matched non-familial AF

e Familial AF patients seem to have the same risk of all-cause mortality and thromboembolism as non-familial
AF patients when accounting for age, gender, and comorbidities.

e Familial AF may be caused by a combination of genetic susceptibility and lifestyle factors.

Treatment of familial AF: should it differ from general guidelines?

e Apparently, no differences have been found in long-term complications of familial and non-familial AF.
Therefore, and at this point, there is no indication for differentiation in antithrombotic treatment for familial

e More aggressive antiarrhythmic therapy and rhythm control may be indicated in familial AF patients.

e Research regarding disease course and long-term outcomes in AF patients with different genomic regions
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specific genetic susceptibility loci for AF are clini-
cally different. However, for both familial and non-
familial AF, treatment and preventive strategies are
underused and even in the anticoagulated patients
the thromboembolic risk remains higher than in the
general population. Studies looking into and com-
paring patients with the specific genomic regions
associated with AF found in GWAS studies with
respect to disease course and long-term outcomes of
death and thromboembolic complications would be
highly relevant.
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