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Age- and sex-specific atrial fibrillation prevalence
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(Krijthe, et al, European Heart Journal 2013)



Projected number of adults with atrial fibrillation
in the European Union between 2000 and 2060

Adults with atrial fibrillation, in millions

20 1

18

16 1

14 1

12 —e&— Total
-- < -->75 years old

10 4 -- #+--<75 years old
—-=— Men

8 — 8- Women

6 .

4 -

2 4

0

2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060

Year

(Krijthe, et al, European Heart Journal 2013)



Age groups of atrial fibrillation
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Relative benefit of oral anticoagulants vs. no oral anticoagulant
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The two-hit hypothesis; a combination of genetic and an acquired risk
factor is required for development of atrial fibrillation

Diabetes Autonomic Metabolic Valvular
mellitus tone syndrome disease
Ischaemia Alcohol
Cardiomyopathy Hypertension
Left atrial ;’ltlonal and novel atrial Obstructive sleep
enlargement fibrillation nsk factors apnoea

Atrial fibrillation

. Rare genétic variants .

at, Kt, Ca2* channels, gap junction af
rotein, nuclear pore complex

e Common atrial
fibrillation susceptibility alleles

Genome-wide association studies otein Nup 155' atrial natriuretic peptids

(Darbar, et al, Nat Rev Cardiol. 2013)



Atrial Fibrillation is heritable

HR for AF
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Genetic architecture
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Seven rare variants in cardiac ion channels were identified
in the study cohort of 90 individuals with lone AF
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(Hayashi et al., Circ Arrhythmia Electrophysiol. 20-15 )




In vitro cellular electrophysiology and

In silico prediction analysis

Genotype MAF in  Electrophysiological Score CADD
EXAC (%) abnormality

KCNA5 H463R N/A Loss of function 14.25 Deleterious

KCNA5 T527M 0.0236 Gain of function 19.35 Deleterious

lfzfslavzcilE493 nsoL VA No change N/A

KCNH2 T436M 0.00163  Gain of function 1.52

KCNH2 T895M N/A Gain of function
SCN5A R986Q 0.00195 Loss of function
SCN1B T189M N/A Gain of function

17.78 Deleterious
11.17 Deleterious
15.27 Deleterious

MAF, Minor allele frequency; EXAC, Exome Aggregation Consortium; CADD, Combined

Annotation Dependent Depletion

(Hayashi et al., Circ Arrhythmia Electrophysiol. 2015 )



Genetic architecture
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Phenotype-Genotype association
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Association testing (single-marker testing)

Frequency of AF (Y)

Threshold of significance (p value <5 x 10%) :

for 1M variants on the array
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Genome-wide association studies-derived risk loci for AF

Locus SNP RR  Pvalue Closest Relative
gene location

4925 rs6817105 1.64 1.8 X 10774 PITX2  150-kb upstream

16922 rs2106261 1.24 3.2 X 1071® ZFHX3 Intronic

1921  rs6666258 1.18 2.0 X 10714 KCNN3 Intronic

1924  rs3903239 1.14 9.1 X 101! PRRX1 46-kb upstream

7931 rs3807989 0.90 9.6 X 10! CAV1  Intronic

14923 rs1152591 1.13 6.2 X 10719 SYNE2 Intronic

9922 rs10821415 1.11 7.9 X 10 (Y9orf3 Intronic

15924 rs7164883 1.19 1.3 X 108 HCN4  Intronic

10922 rs10824026 0.87 1.7 X 108 MY0OZ1 20-kbupstream

(Nathan, et al, Circ Res. 2014)



Association of SNP with incident AF in the MDC study

Modele Other

Risk estimate
from literature

Risk estimate from
MDC study

Locus Gene SNP dallele allele MAF* (weight) HR (95%Cl) P value
1021  KCNN3 rs13376333 T C 0.34 1.13 (0.12) 1.10 (1.03-1.17) 5.5x10°
1924  PRRX1 rs3903239 G A 0.47 1.14 (0.13) 1.11 (1.05-1.19) 6.4x10
4925  PITX2  rs10033464* T G 0.09 1.39 (0.33) 1.16 (1.04-1.29) 5.7x10°
4925  PITX2  rs2200733t T C 0.10 1.72 (0.54) 1.45(1.32-1.59) 8.1x10"
4925  PITX2  rs17570669* T A 0.08 0.73(-0.31) | 0.76 (0.67-0.86) 2.4x10”
4925  PITX2  rs3853445* C T 0.27 0.86 (-0.15) | 0.84(0.78-0.90) 1.8x10°
7931  CAV1  rs3807989 A G 0.41 0.9 (-0.11) 0.90 (0.85-0.96) 2.3x107
9922  CY9orf3 rs10821415 A C 0.41 1.11 (0.10) 1.03 (0.96-1.09) 0.4
10922 SYNPO2L rs10824026 G A 0.16 0.87(-0.14) | 0.83(0.76-0.91) 6.4x10”
14923 SYNE2  rs1152591 A G 0.49 1.13 (0.12) 1.03 (0.97-1.10)  0.35
15924 HCN4  rs7164883 G A 0.17 1.19 (0.17) 1.09 (1.01-1.18)  0.032
16022  ZFHX3 rs2106261 T C 0.18 1.24 (0.22) 1.10 (1.01-1.19)  0.025

Model : adjusted for age, sex, BMI, systolic and diastolic blood pressure, use of an

current smoking, prevalent diabetes, prevalent coronary heart disease, and prevalent heart failure.

*Adjusted for rs2200733

"Adjusted for rs1003346
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Tada H, Ellinor PT, Kathiresan S, et al. Stroke. 2014;45:2856-62.




The probability of a first AF event increased smoothly with
increased AF-genetic risk score (GRS)
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Dotted lines indicate 95% Cl the cumulative event rate estimate.

Tada H, Ellinor PT, Kathiresan S, et al. Stroke. 2014;45:2856-62.



AF-genetic risk score (GRS) is equivalent with
hypertension for risk of future AF event

Cumulative AF rate (%)

Cumulative AF events according to median age, AF-GRS quintile, and hypertension
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Tada H, Ellinor PT, Kathiresan S, et al. Stroke. 2014;45:2856-62.




Summary

€ On considering the role of anticoagulants, we should
care of risk stratification including genetic factors as well as
underlying diseases.

@ For example, the AF-GRS comprising 12 SNPs which were
equivalent to “Hypertension” was associated with incident
atrial fibrillation and ischemic stroke.

€ Awareness of the risk, correction of reversible risk
factors, and tailored oral anticoagulation are at present the
best tools to improve stroke prevention and avoid major
bleeding in atrial fibrillation particularly in elderly patients.
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