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Abstract

IMPORTANCE—There is a genetic predisposition to early-onset atrial fibrillation (EOAF) in
European American individuals. However, the role of family history in the pathogenesis of EOAF
in racial and ethnic minorities remains unclear.

OBJECTIVE—To determine whether probands with EOAF across racial and ethnic groups have a
higher rate of AF in first-degree family members than racially and ethnically matched control
patients with non-early-onset AF (non-EOAF).

DESIGN, SETTING, AND PARTICIPANTS—In this cohort study, patients prospectively
enrolled in a clinical and genetic biorepository were administered baseline questionnaires that
included questions about family history of AF. Early-onset AF was defined as AF occurring in
probands aged 60 years or younger in the absence of structural heart disease. All other forms were
categorized as non-EOAF. Recruitment took place from July 2015 to December 2017. Analysis
was performed in January 2018.
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MAIN OUTCOMES AND MEASURES—Primary analysis of reported family history of AF in
first-degree relatives with sensitivity analysis restricted to those in whom a family history was
confirmed by medical record review and electrocardiogram.

RESULTS—Of 664 patients enrolled (mean [SD] age, 62 [12] years; 407 [61%] male), 267
(40%) were European American; 258 (39%), African American; and 139 (21%), Hispanic/Latino.
There was a family history of AF in 36 probands with EOAF (49%) compared with 128 patients
with non-EOAF (22%) (difference, 27%; 95% ClI, 14%-40%; P < .001). On multivariable analysis,
the adjusted odds of a proband with EOAF who was of African descent (odds ratio [OR], 2.69;
95% Cl, 1.06-6.91; £< .001) or Hispanic descent (OR, 9.25; 95% Cl, 2.37-36.23; P=.002)
having a first-degree relative with AF were greater than those of European descent (OR, 2.51; 95%
Cl, 1.29-4.87; P=.006). Overall, probands with EOAF were more likely to have a first-degree
relative with AF compared with patients with non-EOAF (adjusted OR, 3.02; 95% Cl, 1.82-4.95;
P <.001) across the 3 racial and ethnic groups. Atrial fibrillation in a first-degree family member
was confirmed in 32% of probands with EOAF vs 11% of those with non-EOAF (difference, 21%;
95% Cl, 11%-33%; P < .001). Furthermore, African American (28% vs 5%; difference, 23%; 95%
Cl, 4%-43%; P=.001), European American (35% vs 20%; difference, 15%; 95% ClI, 1%-30%; P
=.03), and Hispanic/Latino (30% vs 5%; difference, 25%; 95% Cl, 4%-54%; P = .02) probands
with EOAF were more likely to have a first-degree relative with confirmed AF vs racially and
ethnically matched control patients with non-EOAF. The positive and negative predictive values
for a family history of confirmed AF were both 89%.

CONCLUSIONS AND RELEVANCE—Probands of African or Hispanic/Latino descent with
EOAF were more likely to have a first-degree relative with AF when compared with European
American individuals. These findings support genetic predisposition to EOAF across all 3 races.

Introduction

Over the last 2 decades, linkage analysis, candidate gene, and next-generation sequencing
approaches have uncovered mutations in cardiac ion channels, signaling molecules, and
myocardial structural proteins linked with familial or early-onset atrial fibrillation (EOAF).1
Conversely, genomewide association studies have identified more than 95 AF risk loci,
mostly in white individuals of European descent.2 Although these discoveries have provided
important insights into the underlying pathophysiology of AF and have identified novel
therapeutic pathways, most of the heritability of AF remains unexplained.3

Collectively, cohort and epidemiological studies support genetic predisposition toward
EOAF in white individuals of European descent.#=% While it is firmly established that non-
Europeans are at a lower risk for incident AF,” racial and ethnic minorities, especially
African American patients, have increased rates of stroke, heart failure, and death compared
with white patients.® However, the association of family history and the pathogenesis of
EOAF in African American or Hispanic/Latino individuals remains unclear. The aim of this
study was to determine whether probands of African, European, and Hispanic descent with
EOAF were more likely to have a first-degree relative with arrhythmia when compared with
racially and ethnically matched control patients with non-EOAF.
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Study Population

Definitions

The study was performed in patients prospectively enrolled in the University of Illinois at
Chicago (UIC) AF Registry, which is made up of a clinical and a genetic registry.® Inclusion
criteria were age greater than 18 years with a documented history of AF by
electrocardiogram (ECG). Consecutive patients attending the General Cardiology,
Arrhythmia, and AF Clinics at UIC Medical Center, Advocate Heart Institute, and the Jesse
Brown Veterans Affairs (JBVVA) Medical Center were approached to participate in the
registry over a 36-month period. Hospitalized patients at UIC and JBVA Medical Centers
were also approached for participation in the registry. Written informed consent was
obtained from all patients under a protocol approved by the UIC, Advocate Christ, and
JBVA institutional review boards. Our report complies fully with the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline.

The terms used to describe EOAF can be broad and are typically used interchangeably with
lone, familial, or idiopathic AF.19 We defined EOAF as AF occurring in patients aged 60
years or younger with or without hypertension (HTN) in the absence of structural heart
disease by clinical examination, ECG, and echocardiography and AF not associated with
cardiac surgery. Hypertension was defined by a history and/or the presence of
antihypertensive therapy. Criteria for coronary artery disease included a history of
myocardial infarction, previous coronary artery bypass graft surgery, or percutaneous
coronary intervention and drug treatment. Congestive heart failure (CHF) was defined by a
history of heart failure and/or drug treatment for heart failure. A history of obstructive sleep
apnea was considered positive if the patient had positive results from a sleep study as part of
routine clinical care or was receiving continuous positive airway pressure therapy. Because
obstructive sleep apnea and obesity often coincide as risk factors for AF, we did not include
either of these in our criteria for EOAF.

Material and Data Collection

All study participants enrolled in the UIC AF Registry undergo systematic phenotyping
inclusive of detailed medical and drug history, echocardiography, and wearing a 2-week
continuous event monitor to assess for asymptomatic episodes of AF. A consistent set of
definitions is applied to ensure uniformity of data collection in probands and family
members.11 Furthermore, patients were asked to complete a questionnaire that included
baseline data on age, sex, self-reported race/ethnicity, risk factor status at the time of
confirmed diagnosis of AF, and a detailed family history, including focused questions related
to AF, stroke, pacemaker implantation, and heart disease in first-degree relatives. The
majority of Hispanic/Latino individuals (>90%) in Chicago are of Mexican descent and
almost all are white.
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Verification of AF in First-Degree Family Members

Patients who gave a family history of AF, stroke, pacemaker implantation, or heart disease in
a first-degree relative on the baseline questionnaire were recontacted after enrollment to
verify the diagnosis. Family members who confirmed a family history of AF were enrolled
in the registry after providing written informed consent. Medical records of relatives were
examined and AF was confirmed by ECG, Holter monitor, or event recorder documentation.
We calculated the positive predictive value (PPV) and negative predictive value (NPV) of a
family history of AF based on the number of patients in whom AF in first-degree relatives
was confirmed.

Statistical Analysis

Results

Categorical variables are expressed as counts and percentages, and continuous variables are
expressed as mean (standard deviation). Bivariate analyses of a continuous and a categorical
variable were assessed using 2-sample t tests or analysis of variance as appropriate, and 2
categorical variables were compared using the XZ test for independence. Multivariate
analysis was performed with logistic regression, and covariates were selected using
backward elimination. Left ventricular ejection fraction and race were selected for backward
elimination as these were the only 2 significant covariates along with reported and
confirmed family history of AF. The selection procedure with this approach initially
included all covariates in the model and gave each covariate the opportunity to remain in the
model, unlike approaches such as forward addition and stepwise. Interactions between
covariates and predictors of family history of AF were assessed using significant change in
the regression coefficients. Race was not an effect modifier of family history because the
Breslow-Day test for homogeneity of the odds ratios (ORs) resulted in a XZ test statistic of
4.72. Fisher exact tests and intervals for overdispersed binomial outcomes were used to
examine statistical differences in proportions of EOAF vs non-EOAF and also the 3 racial
and ethnic groups (African American, European American, and Hispanic/Latino). We used
SAS statistical software version 9.4 (SAS Institute Inc) for statistical computations. Two-
tailed £ < .05 was considered statistically significant.

Baseline Characteristics of Cohort

A flowchart describing the UIC AF Registry cohort, those reporting a family history of AF,
and those in whom a family history was verified is shown in Figure 1. We prospectively
recruited 664 patients (mean [SD] age, 62 [12] years; 407 [61%] male) with AF in the
UICAF Registry, of whom 267 (40%) were European American, 258 (39%) were African
American, and 139 (21%) were Hispanic/Latino. Seventy-four patients (11%) were
diagnosed with EOAF and 590 (89%) had non-EOAF. The prevalence of EOAF in African
American, European American, and Hispanic/Latino patients was 9% (21 of 245), 15% (43
of 280), and 7% (10 of 139), respectively. Baseline characteristics of the study cohort are
shown in Table 1. In our study, 25% of patients reported a family history of AF in a first-
degree relative. Therewas a family history of AF in 36 probands with EOAF (49%)
compared with 128 patients with non-EOAF (22%) (difference, 27%; 95% Cl, 14%-40%; P
<.001). As expected, the age at onset was significantly lower in probands with EOAF (mean
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[SD], 48 [10] years) compared with non-EOAF patients (63 [10] years) (difference, —15%;
95% CI, -17% to —12%; P < .001). All other variables (HTN, obstructive sleep apnea, left
ventricular ejection fraction, and left atrial diameter) showed significant differences between
the 2 groups except for sex, body mass index (calculated as weight in kilograms divided by
height in meters squared), and type of AF.

Baseline characteristics of patients with EOAF and non-EOAF reporting a family history of
AF are shown in the eTable in the Supplement. On multivariable analysis, the adjusted odds
of a proband who had EOAF and was of African descent (OR, 2.69; 95% Cl, 1.06-6.91; P
<.001) or Hispanic descent (OR, 9.25; 95% ClI, 2.37-36.23; £=.002) having a first-degree
relative with AF were greater than those of a proband with European American descent (OR,
2.51, 95% Cl, 1.29-4.87; P=.006) (Figure 2). Overall, probands with EOAF were more
likely to have a first-degree relative with AF compared with patients with non-EOAF
(adjusted OR, 3.02; 95% Cl, 1.82-4.95; £< .001) across the 3 racial and ethnic groups.

Verification of AF in First-Degree Family Members

We were successful in recontacting 148 patients who reported a family history of AF, stroke,
pacemaker implantation, or heart disease in a first-degree relative on the initial
questionnaire, with 16 patients either declining to contact first-degree relatives or no longer
willing to participate in the registry (Figure 1). In 87 patients (24 with EOAF and 63 with
non-EOAF), AF was verified by medical record review and ECG documentation in a first-
degree relative. Ten first-degree relatives of the 24 patients with EOAF and a confirmed
family history were diagnosed with EOAF.

The baseline characteristics of patients with EOAF and non-EOAF with or without first-
degree relatives with verified AF are shown in Table 2. When comparing patients in the
EOAF group with a family history of confirmed AF vs those with no family history of AF,
there was no significant difference in age at onset, sex, body mass index, HTN, diabetes
mellitus, coronary artery disease, CHF, or left ventricular ejection fraction. In patients with
non-EOAF, there were no significant differences in the proportion of first-degree relatives
with AF, coronary artery disease, diabetes mellitus, and CHF. A family history of AF in
first-degree relatives was confirmed in 24 probands with EOAF (32%) and 63 patients with
non-EOAF (11%) (difference, 21%; 95% ClI, 11%-33%; P < .001). Furthermore, African
American (28% vs 5%; difference, 23%; 95% Cl, 4%-43%; P =.001), European American
(35% vs 20%; difference, 15%; 95% CI, 1%-30%; P =.03), and Hispanic/Latino (30% vs
5%; difference, 25%; 95% CI, 4%-54%; P = .02) probands with EOAF were more likely to
have a first-degree relative with confirmed AF when compared with racially and ethnically
matched control patients with non-EOAF (Figure 3). On multivariable analysis, the adjusted
odds of a proband who had EOAF and was of African (OR, 6.89; 95% Cl, 2.30-20.7; P<.
001) or Hispanic/Latino (OR, 8.78; 95% CI, 1.80-42.7; £=.02) descent having a first-
degree relative with confirmed AF were greater than those of European descent (OR, 2.19;
95% Cl, 1.08-4.45; P=.03). Overall, probands with EOAF were more likely to have a first-
degree relative with confirmed AF compared with patients with non-EOAF (adjusted OR,
3.16; 95% ClI, 1.81-5.55; £<.001) across the 3 racial and ethnic groups. Ten first-degree
relatives of the 24 probands with EOAF and a confirmed family history were diagnosed with
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EOAF (10 of 24 [42%]). In contrast, only 7 family members had EOAF in the non-EOAF
group (7 of 63 [11%]) (difference, 31%; 95% CI, 6%-54%; P=.008). This association
supports first-degree family members of probands with EOAF being at increased risk for
developing EOAF. The questionnaires for the probands with AF were 100% complete, as
they are typically administered verbally and the data verified by review of the medical
records. The response rate by first-degree relatives of probands with EOAF was 86%,
supporting the likely absence of bias.

Predictive Value of a Family History of AF

We calculated the PPV based on patients who reported a family history of AF in first-degree
family members. The PPV of a reported family history of AF was 89% (79 of 89), and the
NPV was 89% (67 of 75).

Discussion

Cumulative evidence from cohort and epidemiological studies supports genetic
predisposition toward EOAF in white individuals of European descent. However, the
association of family history with the pathogenesis of EOAF across racial and ethnic groups
is unclear. We showed that the odds of an African American or Hispanic/Latino proband
with EOAF having a first-degree family member with AF were greater than those of
European American probands. Overall, probands with EOAF were much more likely to have
a first-degree relative with AF compared with patients with non-EOAF across racial and
ethnic groups.

Genetic approaches to AF have provided important insights into the underlying genetic
mechanisms of AF and identified novel therapeutic pathways.! We identified more than 35
probands with EOAFin whom sequencing of candidate AF genes should be considered.12
However, such an approach has a low likelihood (approximately 20%) of identifying an AF-
causing variant, and whole exome and genome sequencing may be necessary to identify
novel AF genes.13 Collectively, the genetic basis of EOAF in racial and ethnic minorities is
poorly understood. Despite a greater burden of AF risk factors and worse outcomes,®14 the
incidence of AF in African American individuals is substantially less than in European white
individuals.”-1> While it is presumed that the AF paradox also applies to Hispanic/Latino
individuals, we recently confirmed the association between a chromosome 4925 single
nucleotide polymorphism and AF in Mexican American individuals.® In this study, 25% of
patients reported a family history of AF in first-degree relatives. This is similar to the
percentage reported in the Outcomes Registry for Better Informed Treatment for Atrial
Fibrillation (ORBIT-AF) Registry.18 However, the lower prevalence of confirmed AF in
first-degree family members may in part be due to ascertainment bias, with important
differences in the types of patients whose family members can be reached and are willing to
participate. Nonetheless, the similar ORs between those with a reported family history of AF
and those with confirmed AF and the high PPV and NPV provide reassurance that when a
patient reports a family history, it is likely to be accurate.

Our finding that 33% of European American participants with EOAF had a first-degree
relative with confirmed AF is consistent with earlier studies reporting a 30% to 40% family
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history.5:17 The adjusted OR of a European American proband with EOAF in our cohort
having a first-degree relative with AF (2.51) was similar to that found in the Framingham
Heart Study (OR, 3.17).% We also showed that 28% of African American and 60% of
Hispanic/Latino probands with EOAF had a confirmed history of AF in first-degree
relatives. The upper confidence limit is large for Hispanic/Latino probands with EOAF
(Figure 3) because of the lower prevalence of AF among this group. Marcus et al® reported a
7.2-fold greater risk of a first-degree family member having AF in European American
individuals. In contrast, we showed a 2.5-fold increased risk of AF in multivariable analyses
in white participants, especially if the proband had EOAF. One explanation for these
differing results may relate to whether AF in first-degree relatives was verified. Our results
are in keeping with those from the Framingham Heart Study.®

We showed that family members of probands of African and Hispanic descent with EOAF
are at high risk for AF. However, penetrance in familial AF is highly variable.18:1° This may
relate to the “2-hit” hypothesis for the development of AF, which states that a proband
carrying a mutation in a known AF gene only develops the arrhythmia in the presence of a
second “hit,” such as HTN or a singlenucleotide polymorphism commonly associated with
AF risk.19.20 This hypothesis supports performing next-generation sequencing in all patients
with EOAF irrespective of AF risk factors. We calculated that the PPV of a first-degree
family member having AF was 89%, with incremental increase when probands gave a
family history of stroke and pacemaker implantation. The NPV was also high at 89%.
Nonetheless, our findings emphasize the importance of obtaining a family history of AF,
especially in patients with EOAF.

Clinical Implications

Our study has a number of important clinical implications. First, our findings emphasize the
importance of obtaining a detailed family history in all patients presenting with EOAF
irrespective of race or ethnicity. Identifying first-degree family members with AF or at risk
for AF is important, as 1 study showed that twins with a co-twin diagnosed with AF had a
20% increased risk of death when compared with twins with an unaffected co-twin.2! The
increased death rate in co-twins may in part be related to asymptomatic episodes of AF, with
clinical and device-based studies reporting that most episodes of AF are asymptomatic.22:23
Furthermore, the rates of stroke, CHF, and death are increased in African American and
Hispanic/Latino patients with AF compared with white patients of European descent. Thus,
first-degree family members of probands with EOAF may warrant closer surveillance
monitoring for asymptomatic AF, especially those with established risk factors. Second,
given that our data support genetic predisposition to EOAF across races, consideration
should be given to sequencing candidate AF genes using next-generation sequencing in
probands with EOAF. Although testing for AF genes is not currently recommended, 24
targeted sequencing in probands with EOAF should be considered as it may affect the
management of the proband’s condition and enable cascade screening of first-degree family
members who may be at risk for developing AF and adverse outcomes.8:25 It is certainly
possible that the higher incidence of stroke in ethnic minorities may be related to
asymptomatic AF, and identifying family members at higher risk for AF by genetic testing
or more intense ECG surveillance is warranted. Furthermore, recent data from the ORBIT-
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AF Registry suggest that compared with non-Hispanic white patients, Hispanic/Latino
patients are more likely to be younger at AF onset, are more likely to be female, and
disproportionally experience AF-related stroke.14

Our findings that probands with EOAF are more likely to have a first-degree relative with
AF when compared with non-EOAF patients across races need to be replicated in diverse
independent cohorts. However, AF was not confirmed in all probands with EOAF who
reported a family history. This may relate to asking questions not directly related to AF, such
as questions about family history of stroke, pacemakers, and heart disease. Although a
sensitivity analysis reduced recall bias, some residual bias may remain. We attempted to
mitigate confounding clinical factors, eg, asymptomatic AF and language barriers, by
providing symptomatic family members with 2-week monitors and Spanish-speaking
research coordinators, respectively. To control for confounders such as family size and
number of affected family members requires constructing a detailed family pedigree. Such a
comprehensive family survey is yet to be performed. Another potential confounder that was
not assessed in our observational study is awareness of AF prior to the diagnosis. Although
the odds of a first-degree relative developing EOAF are not quantitative, the adjusted OR of
a European American proband with EOAF in our cohort having a first-degree relative with
AF (2.51; 95% Cl, 1.29-4.87) were similar to those found in the Framingham Heart Study
(OR, 3.17; 95% Cl, 1.71-5.86).% Furthermore, statistically calibrated interpretation of ORs
would require comprehensive kindred analyses. Such a survey would also allow us to
calculate the recurrence risk ratio for first-degree relatives.

It was not possible to perform simulation studies to assess the impact of false-negative
reporting rates on the ORs because of the wide variation of these across EOAF and non-
EOAF and races. Furthermore, calculating false-negative rates would be challenging as it
would require recontacting approximately 500 patients enrolled in the registry and their first-
degree relatives. However, based on the PPVof 89% and NPV of 89%, the misreporting rates
are likely to be low. Still, we acknowledge that small changes in the PPV and NPV of false-
negative reporting of non-EOAF will affect the estimated ORs. The Hispanic/Latino patients
in this cohort are an admixed population, and the prevalence of family history of AF may
vary across races and ethnicities within this group. We included HTN in our definition of
EOAF, but some studies have excluded patients with this diagnosis. Increasingly, the
definition of EOAF is based only on age at onset of AF and is supported by the 2-hit
hypothesis. Nonetheless, we acknowledge that HTN itself may be an inherited trait and as
such may modify the risk of developing AF. It should be noted that the UIC AF Registry is
not a population-based cohort but rather a highly selected cohort of patients recruited from
cardiology outpatient clinics and hospitalized patients.

Conclusions

This study was the first we know of to show that the odds of an African American or
Hispanic/Latino proband with EOAF having a first-degree relative with AF were greater
than those of probands of European descent. Our findings support genetic predisposition to
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EOAF across all 3 racial and ethnic groups studied and have important implications for
identifying family members at risk for AF and screening candidate genes. The identification
of novel AF genes, especially in African American and Hispanic/Latino patients, may not
only uncover the underlying molecular mechanisms of AF and identify novel therapeutic
pathways, but also provide important insights into the AF paradox across racial and ethnic
groups.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Funding/Support: This study was supported in part by grants from the American Heart Association to Dr
Chalazan (17MCPRP33420153) and the National Institutes of Health to Dr Darbar (NIH/NHLBI R01 HL092217
and HL138737).

Role of the Funder/Sponsor: The funders had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

REFERENCES

1. Fatkin D, Santiago CF, Huttner IG, Lubitz SA, Ellinor PT. Genetics of atrial fibrillation: state of the
art in 2017. Heart Lung Circ 2017;26(9):894-901. doi:10.1016/j.hlc.2017.04.008 [PubMed:
28601532]

2. Roselli C, Chaffin MD,Weng L- C, et al. Multi-ethnic genome-wide association study for atrial
fibrillation [published online June 11, 2018]. Nat Genet doi:10.1038/s41588-018-0133-9

3. Weng LC, Choi SH, Klarin D, et al. Heritability of atrial fibrillation. Circ Cardiovasc Genet
2017;10(6):e001838. doi:10.1161/CIRCGENETICS.117.001838 [PubMed: 29237688]

4. Darbar D, Herron KJ, Ballew JD, et al. Familial atrial fibrillation is a genetically heterogeneous
disorder. J Am Coll Cardiol 2003;41(12):2185-2192. doi:10.1016/S0735-1097(03)00465-0
[PubMed: 12821245]

5. Fox CS, Parise H, D’Agostino RB, Sr, et al. Parental atrial fibrillation as a risk factor for atrial
fibrillation in offspring. JAMA. 2004;291(23):2851-2855. doi:10.1001/jama.291.23.2851 [PubMed:
15199036]

6. Marcus GM, Smith LM, Vittinghoff E, et al. A first-degree family history in lone atrial fibrillation
patients. Heart Rhythm. 2008;5(6):826—-830. doi:10.1016/j.hrthm.2008.02.016 [PubMed: 18468961]

7. Marcus GM, Alonso A, Peralta CA, et al.; Candidate-Gene Association Resource (CARe) Study.
European ancestry as a risk factor for atrial fibrillation in African Americans. Circulation.
2010;122(20):2009-2015. doi:10.1161/CIRCULATIONAHA.110.958306 [PubMed: 21098467]

8. Magnani JW, Norby FL, Agarwal SK, et al. Racial differences in atrial fibrillation-related
cardiovascular disease and mortality: the Atherosclerosis Risk in Communities (ARIC) Study.
JAMA Cardiol 2016;1(4):433-441. doi:10.1001/jamacardio.2016.1025 [PubMed: 27438320]

9. Chalazan B, Mol D, Sridhar A, et al. Genetic modulation of atrial fibrillation risk in a Hispanic/
Latino cohort. PL0oS One. 2018;13(4):20194480. doi:10.1371/journal.pone.0194480 [PubMed:
29624624]

10. Camm AJ, Lip GY, De Caterina R, et al.; ESC Committee for Practice Guidelines (CPG). 2012
focused update of the ESC Guidelines for the management of atrial fibrillation: an update of the
2010 ESC Guidelines for the management of atrial fibrillation, developed with the special
contribution of the European Heart Rhythm Association. Eur Heart J 2012;33(21):2719-2747. doi:
10.1093/eurheartj/ehs253 [PubMed: 22922413]

JAMA Netw Open. Author manuscript; available in PMC 2019 January 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Alzahrani et al. Page 10

11. Darbar D, Motsinger AA, Ritchie MD, Gainer JV, Roden DM. Polymorphism modulates
symptomatic response to antiarrhythmic drug therapy in patients with lone atrial fibrillation. Heart
Rhythm. 2007;4(6):743-749. doi:10.1016/j.hrthm.2007.02.006 [PubMed: 17556195]

12. Huang H, Darbar D. Genetic heterogeneity of atrial fibrillation susceptibility loci across racial or
ethnic groups. Eur Heart J 2017;38(34):2595-2598. doi:10.1093/eurheartj/ehx289 [PubMed:
28637342]

13. Weeke P, Muhammad R, Delaney JT, et al.; National Heart, Lung, and Blood Institute (NHLBI)
GO Exome Sequencing Project. Whole-exome sequencing in familial atrial fibrillation. Eur Heart
J 2014;35(36):2477-2483. doi:10.1093/eurheartj/ehul56 [PubMed: 24727801]

14. Golwala H, Jackson LR 11, Simon DN, et al.; Outcomes Registry for Better Informed Treatment for
Atrial Fibrillation (ORBIT-AF) Registry. Racial/ethnic differences in atrial fibrillation symptoms,
treatment patterns, and outcomes: Insights from Outcomes Registry for Better Informed Treatment
for Atrial Fibrillation Registry. Am Heart J 2016;174:29-36. doi:10.1016/j.ahj.2015.10.028
[PubMed: 26995367]

15. Lipworth L, Okafor H, Mumma MT, et al. Race-specific impact of atrial fibrillation risk factors in
blacks and whites in the Southern Community Cohort Study. Am J Cardiol 2012;110(11):1637-
1642. doi:10.1016/j.amjcard.2012.07.032 [PubMed: 22922000]

16. Gundlund A, Fosbgl EL, Kim S, et al.; ORBIT-AF Investigators. Family history of atrial fibrillation
is associated with earlier-onset and more symptomatic atrial fibrillation: results from the Outcomes
Registry for Better Informed Treatment of Atrial Fibrillation (ORBIT-AF) registry. Am Heart J
2016;175:28-35. doi:10.1016/j.ahj.2016.01.020 [PubMed: 27179721]

17. Ellinor PT, Yoerger DM, Ruskin JN, MacRae CA. Familial aggregation in lone atrial fibrillation.
Hum Genet 2005; 118(2):179-184. doi:10.1007/s00439-005-0034-8 [PubMed: 16133178]

18. Darbar D, Kannankeril PJ, Donahue BS, et al. Cardiac sodium channel (SCN5A) variants
associated with atrial fibrillation. Circulation. 2008;117(15):1927-1935. doi:10.1161/
CIRCULATIONAHA.107.757955 [PubMed: 18378609]

19. Ritchie MD, Rowan S, Kucera G, et al. Chromosome 4q25 variants are genetic modifiers of rare
ion channel mutations associated with familial atrial fibrillation. J Am Coll Cardiol 2012;60(13):
1173-1181. doi:10.1016/j.jacc.2012.04.030 [PubMed: 22818067]

20. Otway R, Vandenberg JI, Guo G, et al. Stretch-sensitive KCNQ1 mutation: a link between genetic
and environmental factors in the pathogenesis of atrial fibrillation? J Am Coll Cardiol 2007;49(5):
578-586. doi:10.1016/j.jacc.2006.09.044 [PubMed: 17276182]

21. Christophersen IE, Budtz-Jargensen E, Olesen MS, Haunsg S, Christensen K, Svendsen JH.
Familial atrial fibrillation predicts increased risk of mortality: a study in Danish twins. Circ
Arrhythm Electrophysiol 2013;6 (1):10-15. doi:10.1161/CIRCEP.112.971580 [PubMed:
23255276]

22. Page RL, Wilkinson WE, Clair WK, McCarthy EA, Pritchett EL. Asymptomatic arrhythmias in
patients with symptomatic paroxysmal atrial fibrillation and paroxysmal supraventricular
tachycardia. Circulation. 1994;89(1): 224-227. d0i:10.1161/01.CIR.89.1.224 [PubMed: 8281651]

23. Israel CW, Grénefeld G, Ehrlich JR, Li YG, Hohnloser SH. Long-term risk of recurrent atrial
fibrillation as documented by an implantable monitoring device: implications for optimal patient
care. J Am Coll Cardiol 2004; 43(1):47-52. doi:10.1016/j.jacc.2003.08.027 [PubMed: 14715182]

24. VanWagoner DR, Piccini JP, Albert CM, et al. Progress toward the prevention and treatment of
atrial fibrillation: a summary of the Heart Rhythm Society Research Forum on the Treatment and
Prevention of Atrial Fibrillation,Washington, DC, December 9-10, 2013. Heart Rhythm.
2015;12(1):e5-€29. doi:10.1016/j.hrthm.2014.11.011 [PubMed: 25460864]

25. Sacco RL, Boden-Albala B, Gan R, et al. Stroke incidence among white, black, and Hispanic
residents of an urban community: the Northern Manhattan Stroke Study. Am J Epidemiol
1998;147(3):259-268. doi:10.1093/oxfordjournals.aje.a009445 [PubMed: 9482500]

JAMA Netw Open. Author manuscript; available in PMC 2019 January 17.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Alzahrani et al.

Page 11

Key Points
Question

What is the association of family history with the pathogenesis of early-onset atrial
fibrillation in patients of African, European, and Hispanic descent?

Findings

In this cohort study of 664 patients, probands with early-onset atrial fibrillation were
significantly more likely to have a family history of arrhythmia in first-degree relatives
than patients with non-early-onset atrial fibrillation. Compared with European American
probands, African American and Hispanic/Latino probands with early-onset atrial
fibrillation were more likely to have a first-degree relative with arrhythmia.

Meaning

These findings support genetic predisposition to early-onset atrial fibrillation across
individuals of European, African, and Hispanic/Latino descent and have important
implications for identifying family members at risk for atrial fibrillation and sequencing
candidate genes.
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664 Patients recruited in the UIC AF

Registry
¥ Y
74 With EOAF 590 With non-EOAF

Y ¥ ¥ Y

36 Reported family 22 No reported family 462 No reported family 128 Reported family
history of AF history of AF history of AF history of AF

Y ¥ Y ¥ ¥

11 Verified no family 24 Confirmed family 1 Unverified family 50 Verified no family 63 Confirmed family
history of AF history of AF history of AF history of AF history of AF

Figure 1. Flowchart Describing the University of Illinoisat Chicago (UIC) Atrial Fibrillation
(AF) Registry

The chart shows the number of patients with early-onset AF (EOAF) and non—early-onset
AF (non-EOAF), those reporting a family history of AF, and those in whom the family

history was confirmed by electrocardiogram or medical record review.
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Figure 2. The Odds of a Proband With Early-Onset Atrial Fibrillation Having a Reported

European American  African American

Family History of Atrial Fibrillation Compared With Patients With Non-Early-Onset Atrial

Fibrillation Across 3 Racial and Ethnic Groups

Odds ratios with Wald 95% Cls (error bars) are shown. The dotted blue line separates the

odds ratios for each individual race from the 3 races combined.
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I Early-onset AF
] Non-early-onset AF

European American African American Hispanic/Latino

Figure 3. Reported Family History of Atrial Fibrillation (AF) in First-Degree Relativesin
Patients With Early-Onset AF and Non-Early-Onset AF Across 3 Racial and Ethnic Groups

For European American and Hispanic/Latino groups, £ < .005 and for African American
group, P<.001.
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Table 1.

Baseline Characteristics of Patients With EOAF and Non-EOAF

Page 15

No. (%)
Non-EOAF (n = P Value for Comparison

Characteristic EOAF (n=74) 590) Difference (95% CI) of EOAF vs Non-EOAF
Age at onset, mean (SD), y 48 (10) 63 (10) -15 (=17 to -12) <.001
Male 44 (60) 363(62) -0.02 (-0.14 to 0.10) 73
Ethnicity

European American 43 (58) 224(38) 0.20 (0.08 t0 0.32)

African American 21 (28) 237 (40) -0.12 (-0.23 to -0.01) .003

Hispanic/Latino 10 (14) 129 (22) -0.08 (-0.17 to -0.001)
Family history of AF 36 (49) 128 (22) 0.21(0.11t0 0.33) <.001
BMI, mean (SD) 33(8) 33(8) 0.5 (-1.6 to 2.5) 79
Hypertension 26 (35) 505(86) -0.50 (-0.62 to —-0.39) <.001
Coronary artery disease 0 385(65) -0.65 (-0.69 to -0.61) <.001
Type 2 diabetes mellitus 0 210(36) -0.36 (-0.39 to -0.31) <.001
Congestive heart failure 0 212 (36) -0.36 (-0.40 to -0.32) <.001
Structural heart disease 0 127 (22) -0.22 (-0.25 to -0.18) <.001
Hyperthyroidism 0 9(1.5) -0.01 (-0.03 to -0.01) <.001
Obstructive sleep apnea 0 119(20) -0.20 (-0.23 to -0.17) <.001
Left ventricular ejection fraction, mean 56 (10) 50(14) 6 (3.9t08.9) <.001
(SD),%
Left atrial diameter, mean (SD), cm 3.9(1) 4.2(1) -0.30 (-0.45 to -0.10) .002
AF type

Paroxysmal 55 (70) 445 (76) -0.04 (-0.15 to 0.06)

Persistent 17(21) 85(15) 0.05 (-0.05 to 0.15) 51

Permanent 7(9) 52(9) -0.01 (-0.07 to 0.06)

Abbreviations: AF, atrial fibrillation; BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); EOAF, early-

onset AF; non-EOAF, non—early-onset AF.
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Table 2.

Baseline Characteristics of Patients With Early-Onset Atrial Fibrillation and Non-Early-Onset Atrial
Fibrillation Based on a Verified History of Atrial Fibrillation in First-Degree Relatives

First-Degree Relative With Atrial Fibrillation

EOAF (n =74) Non-EOAF (n = 590)
Yes(n No(n= Yes(n No(n=

Family History =24) 50) Difference (95% CI) P Value =63) 527) Difference (95% CI) P Value
Age at onset, mean 46 (11) 50(10) -4.7 (-9.41t0-0.77) .09 61(10) 63(11) -1.9 (-5.0t0 0.9) 18
(SD),y
Male, No. (%) 13(54) 31(62) -0.08(-0.32t00.16) .52 35(56) 328(62) —0.06 (-0.20 to 0.06) .30
Ethnicity, No. (%)

European American  15(62) 28 (56)  0.06 (-0.17 to 0.30) 33 (52) 180 (34) 0.35(9.24t0 0.48)

African American 6(25) 15(30)  —0.05(-0.26 to 0.16) 21(34) 221(42) -0.22(-0.33to

.87 -0.11) <.001
Hispanic/Latino 3(13) 7(14) -0.01 (-0.18 to 0.15) 9(14) 126 (24) -0.13(-0.22to
-0.06)

BMI, mean (SD) 36(89) 32(8.0) 4.1(0.01t08.2) .05 35(8.4) 33(85) 15(-3.8t00.71) 17
Hypertension, No. (%) 9 (38) 17 (34)  0.04 (-0.20t0 0.27) .76 52(83) 453(86) -0.03(-0.131t0 0.06) A7
Coronary artery 0 0 0 >.99 40 (64) 345(66) -0.02 (-0.15t00.11) .76
disease, No. (%)
Diabetes mellitus, No. 0 0 0 >.99 19(30) 191(36) -0.06 (-0.18 to 0.06) .34
(%)
Left ventricular 56 (10) 56(10) -0.6(-5.4t04.3) .81 52 (13) 50 (15) 25(-1.3t06.3) 19
ejection fraction, mean
(SD), %
Congestive heart 0 0 0 >.99 23 (63) 189 (36) 0.01(-0.12t00.13) .92

failure, No. (%)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); EOAF, early-onset atrial fibrillation;
non-EOAF, non-early-onset atrial fibrillation.
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