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Abstract
Introduction—Epidemiological studies report a male predominance in lone atrial fibrillation
(LAF). Phenotypic differences between sporadic and familial LAF could aid in deciding which cases
should undergo family screening. We sought to determine gender distribution in sporadic and familial
LAF, gender-based differences, and phenotypic differences between sporadic and familial LAF.

Methods—Since November 2000, 192 unrelated LAF probands were recruited. Sporadic LAF was
defined as the absence of a family history of LAF. Familial LAF was classified as possible if one
first- or second-degree relative had LAF, or confirmed if ≥ 2 relatives had LAF. Affected relatives
(n = 87) of 34 confirmed familial probands were also evaluated. For unrelated LAF probands,
differences in proportions and means were tested using χ2 and ANOVA, respectively. Difference in
gender ratio among the family history groups was tested using mixed models.

Results—Male proportion was greater among sporadic (82%) and possible familial probands (84%)
than confirmed familial probands (62%), and affected relatives (54%), P < 0.001. Sporadic LAF was
more common in men (62%) than women (51%), P = 0.03. More women were affected by palpitation
and nocturnal symptoms than men. More patients had permanent AF in the confirmed familial group
(27%), compared with the possible familial (7%) and the sporadic LAF group (8%), P = 0.05, but
no other phenotypic discriminators were identified.

Conclusions—Male predilection for LAF is attenuated as the likelihood of dominant Mendelian
inheritance increases. Increased frequency of “sporadic” LAF among men could be partially due to
X-linked recessive inheritance. Finally, sporadic and familial LAF are clinically indistinguishable.
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Introduction
Atrial fibrillation (AF) is the most common sustained arrhythmia, affecting more than 2.2
million Americans.1 Many studies report a male preponderance in AF: a population-based
cohort estimated a 1.5-fold greater risk in men of developing AF, compared with women.2
Additionally, in a prospective cohort analysis within the Framingham Heart Study, men were
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at higher risk than women of developing AF irrespective of whether they had hypertension,
diabetes, clinically overt heart disease, or parental AF.3 In a subset of younger patients (<60
years of age), AF develops in the absence of known risk factors, a condition classified as lone
AF (LAF).4 Similar to the common acquired form of AF, LAF appears to exhibit male
predominance. This is supported by several large epidemiological studies 5-7 in which the
male to female ratios ranged from 3:1 to 4:1. Although compelling, these studies do not provide
an explanation for male predilection. There are also limited data on gender-based clinical
differences in LAF. In one study, men were less likely than women to have urination as a trigger
for AF, nausea preceding AF, and palpitations and dyspnea during AF.8

Familial forms of LAF with autosomal dominant inheritance have been described.9-15 In a
referral population, we reported that at least 15% of LAF cases have a positive family history
of LAF.10 Recent evidence has shown that LAF is not entirely benign; advancing age or
development of hypertension increases the risk of thromboembolic complications in LAF
patients, compared with the general population.16 Given its adverse clinical impact and
potential familial aggregation, selective clinical screening of family members of index cases
should be considered. However, family history may be an insensitive or unreliable
discriminator. Phenotypic differences between familial and sporadic LAF, if present, could aid
in deciding which index cases should undergo family screening. Presently, there are limited
data on phenotypic differences between familial and sporadic LAF. In one study that included
180 patients with LAF, patients with a family history of AF were more likely to have permanent
AF, undergone cardioversion, or experienced syncope, compared with sporadic LAF patients.
8

In a large cohort of unrelated LAF probands recruited for genetic studies, we sought to
determine whether there is a gender predilection in sporadic and familial LAF as well as define
any gender-based differences in LAF phenotype. Additionally, we sought to define phenotypic
differences between sporadic and familial LAF.

Methods
Study Population

Since November 2000, patients referred to the Mayo Clinic Heart Rhythm Center with LAF
were identified and invited to participate in our study following informed, written consent. AF
was defined as replacement of sinus P waves by rapid oscillations or fibrillatory waves that
varied in size, shape, and timing and were associated with an irregular ventricular response
when atrioventricular conduction was intact. Documentation of AF on an ECG, rhythm strip,
event monitor, or Holter monitor recording was required. LAF was defined as AF in individuals
< 60 years of age without hypertension or overt structural heart disease by clinical examination,
ECG, and echocardiography.4 Patients were excluded if they had history of congestive heart
failure, primary cardiomyopathy, myocardial infarction, valvular heart disease, or preexisting
hypertension.

Clinical Evaluation
Family history information was obtained from the medical record and a structured
questionnaire. The questionnaire pertained to past medical history, family history, clinical
symptoms, and treatment history. Based on this information, a study coordinator (K.H.)
subsequently obtained a more detailed family history. First- and second-degree relatives with
LAF by history were contacted to obtain medical records and asked to fill out the questionnaire.
Screening ECG and transthoracic echocardiography were performed, if these tests had not been
previously done for clinical indications. The research protocol and questionnaire were
approved by the Institutional Review Board of the Mayo Clinic.
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“Paroxysmal AF” was defined as AF lasting more than 30 seconds that terminated
spontaneously. AF was classified as “persistent” when it lasted more than 7 days and required
either pharmacologic therapy or electrical cardioversion for termination. AF that was
completely refractory to cardioversion or was allowed to continue was classified as
“permanent.”17

Two classifications for familial AF were used: possible familial AF, one first- or second-degree
relative with documented LAF; and confirmed familial AF, at least two first-or second-degree
relatives with documented LAF. In the absence of at least one first- or second-degree relative
with documented LAF, AF was classified as sporadic.

Statistical Analysis
Baseline phenotypic characteristics were compared between genders and among the following
family history groups: sporadic LAF probands, possible familial AF probands, and confirmed
familial AF probands. Continuous variables were compared using ANOVA; categorical
variables were compared using χ2 or Fisher’s exact test.

We included “affected relatives” as the fourth comparison group in the univariate analysis for
gender ratio. The affected relatives were first- or second-degree relatives of the confirmed
familial AF probands. Since the “affected relatives” group did not include any probands, it
presented an opportunity to evaluate gender distribution that might be influenced by gender-
based referral or ascertainment bias. To account for clustering effects introduced by affected
relatives of familial AF probands, differences in gender distribution were tested using PROC
MIXED (SAS version 9.1.3, SAS Institute, Cary, NC, USA). All P values reported were two-
sided, and statistical significance was evaluated at the 5% level.

The authors have full access to and take responsibility for the integrity of the data. All authors
have read and agree to the article as written.

Results
Since November 2000, 192 patients (79% male) referred to the Mayo Clinic Heart Rhythm
Center had documented LAF and consented to enrollment in the study. Of the 192 probands,
114 (59%) had no documented family history of LAF (sporadic), and 78 (41%) had at least
one first- or second-degree relative with documented LAF (familial). Thirty-four (18%) of the
familial probands had at least two first- or second-degree relatives with documented LAF, that
is, confirmed familial AF, whereas the remaining 44 (23%) probands had possible familial AF.

Table 1 summarizes the baseline characteristics of the sporadic LAF probands, possible
familial AF probands, confirmed familial AF probands, and affected relatives of the confirmed
familial AF probands. More patients had permanent AF in the confirmed familial AF group
(27%), as compared with the possible familial AF (7%) and the sporadic LAF (8%) groups.
Conversely, there were slightly fewer paroxysmal AF cases among the confirmed familial AF
probands (57%) than the possible familial AF (68%) and the sporadic LAF probands (69%),
P = 0.05.

The proportion of men versus women was less among the confirmed familial AF probands
(62%), as compared with the possible familial AF (84%) and the sporadic LAF probands (82%),
P = 0.03. When affected relatives (54% men) were included in the analysis, two patterns of
gender distribution emerged: a distinct male predominance among sporadic LAF or possible
familial AF probands, and a less evident male predominance among confirmed familial AF
probands or their affected relatives (Fig. 1). After accounting for clustering effects introduced
by familial AF probands and their affected relatives, there was a significant difference in the
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male proportion among the four groups: sporadic LAF, possible familial AF, confirmed
familial AF, and the affected relatives, P < 0.001.

Table 2 shows the distribution of baseline characteristics with respect to gender. Women were
more likely to report palpitation and nocturnal symptoms than men. Additionally, there were
gender-based differences in echocardiographic and ECG parameters. Men had lower left
ventricular ejection fraction (LVEF) than women. In terms of ECG characteristics during sinus
rhythm, women had significantly higher ventricular rate and shorter conduction times—PR
interval and QRS duration—–than men.

Figure 2 shows family history status with respect to gender. Sporadic LAF was more common
in male probands (62%) than in female probands (51%); conversely, possible or confirmed
familial AF was more common in female probands (49%) than in male probands (38%), P =
0.03.

Discussion
The novel findings from this study of a large cohort of 192 unrelated LAF probands are as
follows: first, male predominance exists in sporadic and possible familial LAF probands, but
to a significantly lesser extent in confirmed familial LAF probands or their affected relatives;
second, more men have sporadic LAF than women. Apart from a greater proportion of
permanent AF in the confirmed familial LAF probands, as compared to possible familial and
sporadic LAF probands, we did not find any other phenotypic differences among the three
groups. Our data indicate that the male predominance of LAF is attenuated as the likelihood
of Mendelian inheritance increases, attributable to a dominant effect of a single gene. In
addition, the greater proportion of “sporadic” LAF among men compared with women may be
partially explained by unrecognized X-linked recessive inheritance. Finally, sporadic and
familial LAF are clinically indistinguishable.

Gender Imbalance in LAF
Population-based cohort studies have indicated a male predominance in common acquired AF.
2,3 Similarly, several epidemiological studies have attested to a male predominance in LAF.
5,6 In 30 years of follow-up in the Framingham study (n = 5,209), LAF occurred in 32 men
and 11 women.5 In another population-based study spanning three decades from Olmsted
County, Minnesota,6 97 patients developed LAF, of whom 78 were men and 19 were women.
In a cohort with follow-up of 30 years from Trieste in Italy, 118 of 145 patients who developed
LAF were men.7 In yet another prospective cohort of 180 LAF patients enrolled for genetic
studies, 82% were men.8 The ratio of men to women in these cohorts ranged from 3:1 to 4:1.

These data collectively implicate an intrinsic male predilection for LAF, a finding we also
observed in the LAF probands we recruited. We cannot, however, exclude the possibility of
gender-based referral or ascertainment bias in our cohort. To address this issue, we examined
the gender distribution in different subgroups among our LAF probands. We found that the
ratio of men to women was high in the sporadic LAF probands (4:1), and in the possible familial
LAF probands (5:1). In the confirmed familial LAF probands, however, the male predominance
was less (ratio = 3:2). In the affected relatives of the confirmed familial LAF probands, there
was no gender imbalance. Since the relatives-only group did not include any probands, it was
less subject to referral or ascertainment bias.

There are two potential explanations for the preceding observation. First, there may be referral
or ascertainment bias that operates to inflate the number of men among the sporadic LAF
probands, which does not operate among the affected relatives. However, in our study, women
were more likely to experience palpitations and be awakened at night by symptoms, compared
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with men. This finding is corroborated by a previous study that found women were more likely
to have frequent AF episodes.8 Thus, referral or ascertainment bias, if present, should in fact
inflate the number of women rather than men. In addition, if referral or ascertainment bias was
operating, the male to female ratio among the confirmed familial probands should be similar
to sporadic LAF probands–4:1 rather than 3:2. This suggests that while there is an intrinsic
male predominance in LAF, it is attenuated as the likelihood of Mendelian inheritance
increases. Our data thus indicate that as the diagnostic stringency for familial AF increases,
the less prominent the role of any inherent gender bias. In monogenic forms of LAF, the effect
of a single gene appears to overshadow any gender-based predilection for the disease.

Predominance of Sporadic LAF Among Men
In X-linked recessive disease, men are affected by the disease, whereas women, including the
proband’s mother, are asymptomatic carriers. Increased frequency of sporadic LAF in men
versus women can potentially be explained by unrecognized X-linked recessive disease. A
male proband may have a negative family history and apparent sporadic disease when in fact
his mother and sisters are carriers. Thus, some male probands may be misclassified as having
sporadic disease, inflating the proportion of “sporadic” LAF in men.

Limitations
This study was limited principally by our reliance on family history to pursue investigation of
potential familial cases. Lack of sensitivity of family history (e.g., due to asymptomatic
undiagnosed disease among relatives) may result in some familial cases being erroneously
classified as sporadic rather than familial probands. To reduce misclassifications, we applied
our definitions consistently. In addition, our study sample was almost entirely of European
ancestry. Further investigation in LAF cohorts of African or Asian ancestry is needed to
determine whether our findings apply to these population groups.

Conclusions
Intrinsic male predilection for LAF is attenuated as the likelihood of dominant Mendelian
inheritance increases. Increased frequency of “sporadic” LAF among men could be partially
due to unrecognized X-linked recessive inheritance. Finally, sporadic and familial LAF are
clinically indistinguishable.
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Figure 1.
Gender proportion based on family history.
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Figure 2.
Family history status based on gender.
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TABLE 2
Baseline Clinical Characteristics by Gender

Characteristic Female Probands (n = 41) Male Probands (n = 151) P-Value

Age at diagnosis (years) 45.3 ± 14.0 43.9 ± 10.9 0.49
Confirmed familial AF 13 (31.7) 21 (13.9%) 0.03
Ejection fraction (%) 61.1 ± 5.9 58.0 ± 9.0 0.02
ECG characteristics in sinus rhythm
 PR interval (ms) 156.2 ± 30.1 179.3 ± 28.8 < 0.001
 QRS duration (ms) 93.6 ± 19.0 103.2 ± 20.5 < 0.01
 QTc interval (ms) 433.8 ± 29.1 425.9 ± 30.2 0.15
 QRS axis (°) 25.2 ± 56.5 24.3 ± 44.1 0.91
 Ventricular rate (bpm) 83.2 ± 33.9 69.6 ± 16.7 < 0.001
Type of AF 0.15
 Paroxysmal 29 (76.3) 94 (64.4)
 Persistent 4 (10.5) 37 (25.3)
 Permanent 5 (13.2) 15 (10.3)
Symptoms
 Palpitations 23 (88.5) 48 (64.0) 0.02
 Awakened by palpitations at night 16 (61.5%) 24 (32.0) 0.01
 Dyspnea 22 (84.6) 58 (75.3) 0.33

Continuous variables are presented as mean ± SD; categorical variables are presented as no. (%).
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