
Genetics of Atrial Fibrillation: 
does it help in treatment decisions?  
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Molecular pathophysiology of AF is 
poorly understood 

 Therapeutic options for majority of patients with AF 

have remained largely unchanged and suboptimal 

 Although risk factors predisposing to AF have been 

identified, etiology of AF remains elusive (clinical 

heterogeneity, lack of model systems) 

 There is evidence for contribution of genes to some 

forms of AF (lone)  

 Identification of genetic loci for AF may provide 

insight into molecular pathophysiology and novel 

therapeutic strategies for treatment of AF 
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Heritability of lone AF 

Most AF is associated with other cardiac or 
systemic conditions, but 10-30% of patient have 
lone AF 

 Isolated kindreds with AF have been reported, 
but a genetic basis for AF was considered rare 

Recognition of familial aggregation has 
implicated a heritable basis for AF 

- Framingham study: 30% of subjects with AF had a parent 
with AF; ~3x increased risk for AF if one parent had lone AF 

- Mayo Clinic study: 15% of lone AF patients had history of AF 

- MGH: 38% of subjects with lone AF had family history; 
siblings of probands with AF 50x more likely than general 
population to have AF 
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Danish twins 

 Concordance rate 22 v 12%   

 Heritability 62%  

 

Iceland 

 AF in 1° relative RR 1.77   

 

Early-onset AF  

 Familial clustering 

 1° relative of those w AF 
have 5x greater risk 

 

Lubitz et al JAMA 2010; 304:2263-9. 

Framingham Heart Study 

Atrial Fibrillation heritability 
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Genetic loci for AF 

 Wolff (1943): 3 brothers with AF 

 Multiple families identified in which AF 

segregates as a monogenic trait 

 In 1997, Brugada et al identified 5 families from 

Spain in which AF was inherited with an 

autosomal-dominant pattern: 
- age at diagnosis in utero - 45 years  

- penetrance high 

- linkage analysis mapped locus to an area of 28 cM 

on chromosome 10q22-24 

- although gene not yet identified, region further 

narrowed  

 



Gene inheritance Effect on function Physiological 

effect 

Associated 

phenotype 

KCNQ1 AD Gain-of-function ↓ atrial APD Prolonged QT 

KCNE1 AD Gain-of-function ↓ atrial APD 

 

Frequent PACs 

KCNE2 AD Gain-of-function ↓ atrial APD 

 

KCNE5 AD Gain-of-function ↓ atrial APD 

 

KCNJ2 AD Gain-of-function ↓ atrial APD 

GJA5 Somatic M. ↓ Electrical cell-to-cell 

coupling 

Heterogeneous 

conduction 

KCNA5 AD Loss-of-function ↑ Atrial APD, 

EAD’s 

Genetic loci for AF 



Gene inheritance Effect on function Physiological 

effect 

Associated 

phenotype 

SCN5A AD Gain-of-function ↑ atrial APD DCM 

SCN1B/2

B/3B 

AD Loss-of-function ↓ atrial APD 

 

DCM 

SCN10A AD Enhanced late INa ↑ Atrial APD, 

EAD’s 

Slow rate 

CACNA1C AD Loss-of-function ↑ Atrial APD, 

EAD’s 

CACNB2 AD Loss-of-function ↑ Atrial APD, 

EAD’s 

NPPA AD Loss-of-function ↓ atrial APD Atrial myopathy 

NUP155 AR Nuclear protein 

transport (hsp70) 

SCD 

Genetic loci for AF 

+ a number of loci, without a gene sofar (incl the locus on chr. 10) 
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 118 lone AFib, 257 with HD 
 

 8 novel variants in 10 individuals (2.7%) 
 

 11 described variants in 12 individuals (3.2%) 
 

 Both in lone AFib and in HD-related AFib 

 

 conduction reduced??? 

 

 
 

SCN5a variants 
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Phenotypic complexity of AF complicates 

identification of new disease genes 

 Complexity may be due 

- reduced penetrance and less apparent heritability 

- phenotype may be result of interaction of several genes 

- AF may require environmental triggers to reduce ‘AF threshold’ 

 Paroxysmal nature and variable symptoms of AF 
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the disorders, but it is generally higher in familial cases than 

in isolated patients.15 Although in this review we have tried 

to be as comprehensive as possible in mentioning all genes 

that have been implicated in these disorders to date, one must 

keep in mind, however, that the evidence of causality for the 

different genes in the respective disorders varies widely. For 

some genes strong evidence has been provided through dem-

onstration of linkage, the consistent involvement of a given 

gene in multiple cases with the same disease, or through ro-

bust functional studies. However, for other genes, which have 

largely been identified in candidate gene studies, evidence is 

not always robust.

The observation of variable disease severity (reduced pen-

etrance and variable expressivity) among carriers of the same 

causal mutation within families has brought with it the realiza-

tion that ultimate disease severity, including SCD risk, in the 

individual patient also depends on other unknown factors.16–18 

Although factors such as age (age-dependent penetrance),19 

sex,20 environment (eg, medication use21), and possibly exer-

cise22 are known to contribute to disease variability in certain 

disorders, the inheritance of additional modulatory genetic 

factors is also thought to play a role. The inheritance of >1 

mutation in ≥1 genes has in some cases been shown to account 

for the greater disease severity.23,24 In the past years, a flurry of 

genome-wide association studies (GWAS) conducted in large 

samples of the general population have uncovered robust as-

sociations between single-nucleotide polymorphisms (SNPs; 

that tag common haplotypes) and several cardiac electric,25–31 

structural, and functional traits.32–34 Because these traits are 

thought to represent relevant intermediate phenotypes for 

cardiac disease and SCD,35,36 although they likely carry mod-

est effects, these SNPs are prime candidates as modulators 

of clinical disease manifestations in the rare cardiac dis-

orders. Although progress is still slow, this is starting to be 

explored.37–39 Low-frequency variants that are presumed to be 

associated with intermediate effect sizes are also expected to 

contribute. However, these are more challenging to study be-

cause of their low prevalence.

For some of the rare cardiac disorders, the notion that 

they are Mendelian is now being questioned.40,41 For these 

disorders, a somewhat more complex genetic inheritance 

(oligogenic model) is now suspected; here, in contrast to the 

Figure 2. Schematic representation of a cardiomyocyte exhibiting proteins involved in the pathogenesis of the inherited 
cardiomyopathies, including sarcomeric, cytoskeletal, desmosomal proteins, and nuclear envelope proteins. MLP indicates 
cysteine and glycine-rich protein 3 (also known as muscle LIM [Lin-11, Islet-1, Mec-3] protein) (Illustration credit: Ben Smith).

Figure 3. The likely continuum of complexity of genetic 
architecture in the rare inherited cardiac disorders. Although 
some disorders are Mendelian or near-Mendelian, where a strong 
monogenic component contributes substantially to disease 
susceptibility, genetic susceptibility for others disorders may be 
determined by the cumulative effect of multiple genetic variants. 
BrS indicates Brugada syndrome; CPVT, catecholaminergic 
polymorphic ventricular tachycardia; DCM, dilated 
cardiomyopathy; ERS, early repolarization syndrome; HCM, 
hypertrophic cardiomyopathy; LQTS, long-QT syndrome; SNP, 
single-nucleotide polymorphism; WES, whole exome sequencing; 
and WGS, whole genome sequencing.
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A higher than expected incidence of SNP in disease population  

suggests association with disease 

Genomewide Association Study (GWAS):  

Case-Control Design 

Compare the frequency of thousands of SNPs spread across the genome 
between cases and controls 

Carries risk DNA variant Does not carry risk DNA variant 

cases controls 
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including 6,707 with and 52,426 without AF 

Transcription factors related to cardiopulmonary development, 

cardiac-expressed ion channels, cell signaling molecules 

PITX2 
RR 1.64 (1.55-1.73), p = 1.8x10-74 

(MAF 13.1) 

Genomic Signals for AF 
including 6,707 with and 52,426 without AF 



With genome-wide association meta-analysis 

 

≥12 single nucleotide polymorphisms 

were identified. 

 

 

 

Ellinor et al. Nature Genetics 2010 

Sinner et al. Circulation 2014 



12 common genetic variants associated with  

5-fold AF Risk 

Europeans 

AF 7,171  
Total 

64,683 

Japanese 

AF: 7,916   
Total: 

11,309 

Lubitz et al on behalf of the AFGen Consortium, JACC 2014 



Can Genetic risk prediction 

Improve Care? 
Yes 
 
Clinical and genetic scores may help early identification of AF 
 - Intensified monitoring 
 - Prophylactic anticoagulation 
 
  Subject to prospective clinical trials 
 
 
No 
 
Current genetic markers explain only 2% of AF heritability 
 - Missing heritability 
 
  More comprehensive models underway 
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Ectopy / Trigger 

Treatment strategies for AF 

Impact of genetics on Atrial Fibrillation 



Genes at AF risk loci 

Transcription factors 

 PITX2, PRRX1, ZFHX3, TBX5, CUX2 
 

Ion channels and related proteins 

 KCNN3, HCN4, CAV1/2, GJA1  
 

Unclear relation to AF 

 C9ORF3, SYNPO2L, SYNE2, CAND2, NEURL   

 

 

Aim to understand the molecular pathways for AF –   
 

 – Guide differential Therapeutic Interventions 



PITX2 is important for pulmonary 

vein Formation 

Mommersteeg MT Circ Res, 2007 Kirchhof P Circ Cardiovasc Genet, 2011 
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Haissaguerre et al., NEJM 1998 

Interventional therapy of AF by PVI 

 in selected patients 



Lubitz S, Sinner MF et al. Circulation 2010 

CAN PITX2 guide therapeutic 

interventions? 



CAN PITX2 guide therapeutic 

interventions? 



Shoemaker MB, et al. Heart Rhythm 2013 

CAN PITX2 guide therapeutic 

interventions? 
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      SNP’s Association studies 

 

Meta-analysis of 
the association of 
the deletion allel of 
the ACE gene with 
MI* 

 
 

*Samani et al. Circulation 1996 

pooled estimate 

Publication bias! 



Husser D JACC, 2010 
Shoemaker MB Circ Arrhythm Electrophysiol, 2015 

CAN PITX2 guide therapeutic 

interventions? 



What we still do not know: 

 

Are the PITX2 AF risk alleles associated with +/- PITX2 

expression/activity 

Are the PITX2 AF risk alleles associated with ectopic electrical 

activity in the PVs 

Are the PITX2 AF risk alleles suitable markers to select patients for 

a specific AF ablation strategy 

CAN PITX2 guide therapeutic 

interventions? 



Top hits for cardioembolic stroke are AF SNPs 

The International Stroke Genetics Consortium (ISGC), the Wellcome 

Trust Case Control Consortium 2 (WTCCC2), Nat Genet. 2012 

N=2,322 cases, 12,253 controls 

 



Do AF SNPs predict clinical outcomes? 

Condition SNPs  Study size OR CI P value 

Cardioversion 
success 

rs2200733 
rs10033464 

184 2.1 1.2-3.3 8x10-3 

AF recurrence 
post ablation 

rs2200733 
rs10033464 

200 0.76 0.6-1.0 0.016 

rs2200733 
rs10033464 

195 2.0 1.0-3.8 0.039 

Antiarrhythmic 
drug response 

rs10033464 399 4.7 1.8-12 1.3x10-3 

Stroke 

rs2200733 6,222 1.3 1.2-1.4 2.18 x 10-12 
rs1906591 4,199 1.6 1.4-1.9 9.2x10-12 

rs2200733 301 2.0 1.3-3.0 0.003 
rs1906591 4,724 1.2 1.1-1.3 2.18x10-5 

Sudden cardiac 
death 

rs2200733 27,629 1.3 1.1-1.5 7.9X10-4 

 

Relatively small sample sizes 
 

Limited number of SNPs tested 
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Conclusions 

AF carries a relevant heritable component 

 

Family history of AF is an independent risk factor for AF 

 

Genetic risk scores may improve care for atrial fibrillation by 

 

Genetically stratifying patients subgroups at high risk 

 

 Improving the prediction of AF occurrence 

 

 Identifying mechanistically distinct subtypes of AF 
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Conclusions 

 
 However 

 
 None of this has been demonstrated in patients prosp. 

 
 Pathophysiologic understanding remains incomplete 

 
 It is far too early for genetics guided therapy of AF 
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What can a clinician do? 

 Think about it 

- Young people with lone AFib 

- Family history, also at older age 

 Refer to a cardiogenetic outpatient clinic 

 

 To early for phenotype-genotype association, 

but that will come  
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