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TRIAL FIBRILLATION (AF) 1S

the most common cardiac

dysrhythmia in the United

States, affecting approxi-
mately 2.3 million adults' and result-
ing in substantial societal costs.? Atrial
fibrillation increases the risk of stroke?
heart failure,®>* and mortality.*” The
prevalence of AF is increasing and is
projected to affect 5.6 million Ameri-
cans by 2050.! Known risk factors for
AF include male sex, advancing age,
diabetes, hypertension, heart failure,
myocardial infarction, and valvular
heart disease.”*’

However, much of the variability in
risk for AF remains unexplained,® lead-
ing investigators to look for novel and
genetic risk factors for AF. Rare famil-
ial forms of AF have been reported, and
loci have been mapped to chromo-
somes 10q22-24%and 6q14-16.° A gain-
of-function mutation in the KCNQI
gene has been implicated in a family
with persistent AF.® Although a ge-
netic basis of AF in selected patients has
been described, it is unknown if there
is a genetic component to AF in the gen-
eral population. Thus, we sought to test
whether documented parental AF was
associated with increased risk of AF in
a community-based cohort.
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Context Atrial fibrillation (AF) is the most common cardiac dysrhythmia in the United
States. Whereas rare cases of familial AF have been reported, it is unknown if AF among
unselected individuals is a heritable condition.

Objective To determine whether parental AF increases the risk for the develop-
ment of offspring AF.

Design, Setting, and Participants Prospective cohort study (1983-2002) within
the Framingham Heart Study, a population-based epidemiologic study. Participants
were 2243 offspring (1165 women, 1078 men) at least 30 years of age and free of AF
whose parents had both been evaluated in the original cohort.

Main Outcome Measures Development of new-onset AF in the offspring was pro-
spectively examined in association with previously documented parental AF.

Results Among 2243 offspring participants, 681 (30%) had at least 1 parent with
documented AF; 70 offspring participants (23 women; mean age, 62 [range, 40-81]
years) developed AF in follow-up. Compared with no parental AF, AF in at least 1 par-
ent increased the risk of offspring AF (multivariable-adjusted odds ratio [OR], 1.85;
95% confidence interval [Cl], 1.12-3.06; P=.02). These results were stronger when
age was limited to younger than 75 years in both parents and offspring (multivariable-
adjusted OR, 3.23; 95% Cl, 1.87-5.58; P<.001) and when the sample was further
limited to those without antecedent myocardial infarction, heart failure, or valve dis-
ease (multivariable-adjusted OR, 3.17; 95% Cl, 1.71-5.86; P<.001).

Conclusions Parental AF increases the future risk for offspring AF, an observation
supporting a genetic susceptibility to developing this dysrhythmia. Further research

into the genetic factors predisposing to AF is warranted.
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METHODS

Beginning in 1948, 5209 men and
women aged 28 to 62 years were en-
rolled into the “original” (ie, “paren-
tal”) cohort of the Framingham Heart
Study. Offspring and their spouses
(n=5124) were enrolled in the “off-
spring” cohort starting in 1971. The de-
sign of the study'"'? and methods of risk
factor measurement have been de-
scribed in detail elsewhere.” Routine

clinic examinations included struc-
tured interviews, physical examina-
tions, laboratory tests, and electrocar-
diograms. The Boston Medical Center
institutional review board approved the
study, and all participants provided
written informed consent.
Framingham Offspring Study par-
ticipants were included for study in this
investigation if they had 2 biological
parents in the original cohort, were at
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Figure. Four-Year Predicted Risk of AF per 1000 Person-Years Given Documented AF in at

Least 1 Affected Parent.
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Risk of atrial fibrillation (AF) is displayed by the presence or absence of risk factors: high systolic blood pressure
and receiving hypertension treatment, diabetes, clinically overt heart disease, or parental AF, assuming a mean
offspring age of 55 years. Plus signs indicate the presence of each risk factor; minus signs refer to the absence

of the risk factor. Error bars indicate SEs.

]
Table 1. Baseline Characteristics, by Presence or Absence of Parental Atrial Fibrillation (AF)

No. (%)
INo Parental AF Parental AF*I

Characteristic (n =1562) (n =681)
Age, mean (SD), y 47 (9) 48 (9)
Women 818 (52.4) 347 (51.0)
Diabetes 62 (4.0) 19(2.8)
Systolic blood pressure, mean (SD), mm Hg 122 (17) 123 (17)
Hypertension treatment 222 (14.2) 104 (15.3)
Valve disease by auscultation 17 (1.1) 10(1.5)
Myocardial infarction 29 (1.9) 11(1.6)
Congestive heart failure 4 (0.3 2 (0.9
Maternal AF 0 358 (52.6)
Paternal AF 0 387 (56.8)
Maternal and paternal AF 0 64 (9.4)

*Either mother or father developed AF at or prior to the participant’s baseline examination; cases of first parental AF

occurring after offspring AF were excluded (n = 5)

least 30 years of age, and were free of
AF at the baseline examination (occur-
ring after 1982). Because offspring par-
ticipants were examined every 4 years,
covariates were updated at each exami-
nation cycle, and 4-year follow-up win-
dows between examinations were stud-
ied for development of AF. Once
participants developed AF, they were
censored from further follow-up.
Participants in the offspring and
original cohorts were considered to
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have AF if either atrial fibrillation or
atrial flutter was confirmed on electro-
cardiogram. Offspring AF cases were
detected in the hospital (69%), by an
outside physician (14%), at the
Framingham Heart Study examina-
tion (11%), or by careful review of the
participant’s history only (6%), and con-
firmed upon review by 1 of 2 Framing-
ham heart Study cardiologists. Paren-
tal AF had to occur temporally before
the onset of offspring AF; cases of first

parental AF occurring after develop-
ment of AF in offspring were ex-
cluded (n=5). We accrued parental AF
cases from 1949-2002 and offspring AF
cases from 1983-2002. In prespecified
analyses, the overall sample was re-
stricted to parental and offspring par-
ticipants younger than 75 years (ie, the
median age of AF incidence'*); the off-
spring sample was additionally re-
stricted to participants without ante-
cedent clinically overt heart disease
(defined as myocardial infarction, heart
failure, or clinical valve disease [iden-
tified as any diastolic murmur, or sys-
tolic murmur =3/6 on Framingham
visit physician-administered physical
examination]). Among parents who did
not develop AF during the study, 83%
(n=853) of mothers and 69% (n=688)
of fathers were older than 70 years at
death or at the end of follow-up in 2002.
Similarly, 62% (n=638) of mothers
and 39% (n=386) of fathers were older
than 80 years at death or the end of
follow-up.

Statistical Methods

Pooled logistic regression was used to
examine the 4-year risk of incident off-
spring AF associated with documented
parental AF; pooled logistic regression
provides similar estimates to time-
dependent Cox regression analysis."” Per-
son-examination observations were
pooled over a total of 4 baseline exami-
nations, each with 4 years of follow-up;
covariates and outcome status were
updated every 4 years over a total of 16
years. The generalized estimating equa-
tions procedure in SAS version 8'° was
used to account for correlations among
family members. Odds ratios (ORs) and
95% confidence intervals (Cls) were cal-
culated; the referent group consisted of
participants without parental AF. P<.05
(2-sided) was used to determine statis-
tical significance. Models were unad-
justed, age- and sex-adjusted, and mul-
tivariable-adjusted. Multivariable
covariates were chosen a priori based on
standard risk factors for AF® and included
age, sex, systolic blood pressure, hyper-
tension treatment, diabetes, and clini-
cally overt heart disease (defined above).
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To provide a visual display of the ad-
ditional predictive information con-
ferred by parental AF status in the con-
text of known risk factors, we computed
the 4-year predicted risk of AF per 1000
person-years over each follow-up in-
terval. Sex-specific values were con-
structed from the original models, based
on combinations of risk factor profiles
(see FIGURE legend).

RESULTS

The offspring study sample included
1165 women and 1078 men free of AF
at baseline (defined as the first exami-
nation attended after 1982). During the
offspring study period (1983-2002), 30%
(681/2243) had at least 1 parent with
documented AF. Baseline clinical char-
acteristics of offspring participants did
not vary by parental AF status (TABLE 1).

Of eligible offspring participants, 70
(23 women) developed AF in follow-
up, with a mean age at onset of 62 years
(range, 40-81). Offspring participants
with at least 1 parent with AF had an
incidence rate of 4.5 per 1000 person-

ATRIAL FIBRILLATION IN PARENTS AND OFFSPRING

years, compared with 3.0 per 1000 per-
son-years in participants without pa-
rental AF (TABLE 2).

After multivariable adjustment, off-
spring AF was associated with mater-
nal AF (Table 2), particularly when the
parental and offspring samples were re-
stricted to participants younger than 75
years, as well as when further limited to
offspring participants without clini-
cally overt heart disease, defined as an-
tecedent myocardial infarction, heart
failure, or valve disease. Paternal AF was
nonsignificantly associated with off-
spring AF (Table 2) but was signifi-
cantly associated with offspring AF when
the parental and offspring samples were
limited to those younger than 75 years
and when offspring participants with an-
tecedent clinically overt heart disease
were additionally removed.

Offspring AF was independently as-
sociated with at least 1 parent with AF,
especially when the parental and off-
spring samples were limited to partici-
pants younger than 75 years and when
offspring participants with antecedent

clinically overt heart disease were ex-
cluded.

Only 5 offspring AF cases had both
parents with AF. Overall, the multi-
variable-adjusted OR was 3.20 (95% CI,
1.15-8.91). The wide Cls reflect the very
small number of cases in this group.

Results were not substantively dif-
ferent if cases of atrial flutter as the only
documented atrial dysrhythmia (n=3)
were not considered cases in the AF
analyses. Similarly, when we consid-
ered smoking, body mass index, and
electrocardiographic evidence of left
ventricular hypertrophy as additional
confounders, there were no material
changes in the independent associa-
tions of parental and offspring AF.

Effect of Parental History

on Predicted AF Risk

The 4-year predicted risk of AF based
on the model for at least 1 affected par-
ent in the setting of different risk fac-
tor profiles was estimated assuming an
offspring mean age of 55 years (Fig-
ure). Having at least 1 affected parent

- ________________________________________________________________________________________]
Table 2. Odds Ratios for Offspring Atrial Fibrillation Over 4 Years, According to Parental Atrial Fibrillation Status

Parental Atrial Fibrillation Status

Maternal Paternal One or Both Parents
None OR (95% Cl) P Value*I l OR (95% Cl) P Value*I l OR (95% Cl) P Value*I
Overall Sample
No. of cases 42 19 14 28
Incidence rate per 1000 3.0(1.8-4.2) 6.5 (4.7-8.9) 4.0 (2.6-5.4) 4.5 (3.0-6.0)
person-yearst
Unadjusted Reference 3.06 (1.78-5.27) <.001 1.87 (1.02-3.43) .04 2.23 (1.38-3.59) .001
Age- and sex-adjusted Reference 2.26 (1.29-3.98) .005 1.75 (0.95-3.21) .07 1.86 (1.15-3.01) .01
Multivariable-adjustedt Reference 2.23(1.25-3.98) .007 1.76 (0.93-3.35) .08 1.85(1.12-3.06) .02
Age <75 y (Both Offspring and Parent)
No. of cases 48 13 10 20
Unadjusted Reference 4.44 (2.39-8.24) <.001 2.13(1.07-4.21) .03 2.72 (1.61-4.60) <.001
Age- and sex-adjusted Reference 5.04 (2.68-9.49) <.001 2.64 (1.31-5.31) .006 3.36 (1.95-5.77) <.001
Multivariable-adjustedt Reference 5.00 (2.67-9.36) <.001 2.48 (1.21-5.10) .01 3.23 (1.87-5.58) <.001
Age <75 y (Both Offspring and Parent), Without Clinically Overt Heart Disease in Offspring
No. of cases 37 11 7 15
Unadjusted Reference 4.91 (2.49-9.67) <.001 1.93 (0.86-4.34) A1 2.65 (1.45-4.83) .002
Age- and sex-adjusted Reference 5.52 (2.77-10.97) <.001 2.36 (1.04-5.38) .04 3.19 (1.73-5.90) <.001
Multivariable-adjusted§ Reference 5.75(2.96-11.18) <.001 2.31 (1.00-5.34) .049 3.17 (1.71-5.86) <.001

Abbreviations: Cl, confidence interval; OR, odds ratio.
*For comparison wtih “none” category.

TAge- and sex-adjusted, based on follow-up time of 30 344 person-years.

FAdjusted for age, sex, diabetes, systolic blood pressure, hypertension treatment, and clinically overt heart disease (defined as myocardial infarction, congestive heart failure, or
clinically significant valve disease determined by auscultation).

§Adjusted for age, sex, diabetes, systolic blood pressure, and hypertension treatment.
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approximately doubled the risk of pre-
dicted AF when compared with mod-
els with either absent or present coex-
isting risk factors.

Relatedness of Offspring AF Cases
Of the 70 offspring individuals with AF,
4 pairs belonged to the same extended
families. The only related pair of off-
spring with AF (siblings) did not have
documented parental AF.

COMMENT

Primary Findings

In a population-based sample, paren-
tal AF independently predicted an in-
creased risk of offspring AF events af-
ter adjustment for standard AF risk
factors, including hypertension,'” dia-
betes,'® and myocardial infarction,*
which are known to have genetic com-
ponents. This finding suggests that po-
tentially unaccounted-for genetic
mechanisms may contribute to the
pathogenesis of AF. To our knowl-
edge, our study is the first to demon-
strate that a familial component exists
for AF among unselected community-
based individuals.

Because disorders with a genetic pre-
disposition often occur at a younger age,
or in the absence of major predispos-
ing conditions, we performed analy-
ses restricting the sample to partici-
pants younger than 75 years and
subsequently eliminating those with
clinically overt heart disease. Both
analyses demonstrated a lack of attenu-
ation of the increased odds of off-
spring AF associated with parental AF,
lending further support to the hypoth-
esis that there is a genetic predisposi-
tion to AF.

Most studies to date have focused on
families with large numbers of af-
fected individuals. Genetic linkage
analyses have demonstrated loga-
rithm of odds scores of 3.6 on chromo-
some 10q22-24® and 4.9 on chromo-
some 6ql12-14.° Candidate genes
associated with AF have been identi-
fied, including a gain-of-function mu-
tation in KCNQI, a gene encoding a po-
tassium-channel subunit associated
with long-QT syndrome.' In addi-
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tion, AF has been associated with poly-
morphisms in KCNEI (a gene also
involved in potassium-channel physi-
ology)*' and in the renin-angiotensin
system.?* Taken together, these stud-
ies suggest that AF is potentially a het-
erogeneous disorder with a significant
genetic component.

A recent analysis of AF cases from an
arrhythmia clinic found that 5% of all
patients with AF, and 15% of all pa-
tients with lone AF, had a family his-
tory of this dysrhythmia.?> We demon-
strated that 30% of offspring were
documented as having parents with AF.
The higher prevalence of parental AF in
our study likely stemmed from the pro-
spective cohort design, which enabled
us to more completely ascertain paren-
tal AF cases and allowed us to follow the
parental cohort to near extinction.

Strengths and Limitations

The strengths of this study include pro-
spective collection and validation of AF
events by 1 of 2 Framingham Heart
Study cardiologists in both the off-
spring and parents, substantially re-
ducing any possibility of recall bias.
Moreover, our sample was community-
based and our participants were unse-
lected, reducing the likelihood that our
sample had a unique mechanism un-
derlying the AF cases. It is unlikely that
our results were driven by unusual
families with rare genetic profiles.
Limitations of our study include a
small number of offspring with AF
(n=70), a predominantly white sample,
and a mean age of AF onset younger
than that reported in the United States.'*
Because of our sample’s relatively young
mean age, our AF cases have a lower
prevalence of hypertension and overt
heart disease than the general AF popu-
lation. Despite the fact that the younger
mean age limits the generalizability of
our findings, it does not limit our find-
ings to younger patients with parental
AF, who are potentially the popula-
tion most likely to be affected by genetic
causes. Our use of validated cases of
parental AF reduces misclassification in
our data but potentially limits the use-
fulness of a parental history of AF in the

clinical setting, since offspring may
incorrectly identify whether their par-
ents had AF. An additional limitation
is that the effects of early family envi-
ronmental influences cannot be
excluded as an alternate explanation for
our findings, but this appears less likely
given the mean age of AF onset in our
offspring sample (62 years). We were
unable to account for all potential risk
factors for AF that are known to have
genetic components and thus may pro-
vide alternative mechanisms to explain
our findings, including C-reactive pro-
tein,?* hemostatic factors,? left atrial
enlargement,*® Graves disease, and use
of alcohol.*” Lastly, we were unable to
account for echocardiographic fea-
tures that are known to be associated
with AF.%

Clinical and Research Implications

Parental AF increases the risk of fu-
ture offspring AF events, consistent
with a genetic contribution to the eti-
ology of AF. Further research pertain-
ing to the etiology of AF, particularly
additional basic and clinical investiga-
tions into the genetic mechanisms in-
volved in AF, is warranted. Data from
animal models may be helpful in elu-
cidating genetic underpinnings of AF,
particularly now that mouse models of
this dysrhythmia have been estab-
lished.?® The identification of genetic
mechanisms in the pathophysiology of
AF could help guide research into the
causes, prevention, and treatment of AF.
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It is a good morning exercise for a research scientist

to discard a pet hypothesis every day before break-

fast. It keeps him young.
—Konrad Lorenz (1903-1989)
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