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AF Demographics



Projected AF prevalence

Olmsted county data
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Projected AF prevalence in Iceland
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One ‘typical’ Atrial Fibrillation Patient

Older
Hypertension
Coronary disease
Heart Failure

Metabolic disease
(diabetes)

‘Any History of Physical Activity in Yo
Family’




Projected AF prevalence

Olmsted county data
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WHERE ARE WE WITH GENETICS?



Familial AF

Original description of
family with 3 brothers with

AF dates to 1943
Wolff, L. NEJM 1943 229:396

3 families with AF have
been mapped to locus on
chromosome 10.

Brugada R et al.

NEJM 1997 336:905-11




KCNQ1 Mutation Leading to AF

e 24 years mean
onset

KCNOQI + El

e Prolonged QT
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Chen et al, Science 2003 10:251-4



Mutations in lon Channels are rare causes of AF

Circulating mANP
SCNSA, SCN1IB, SCN2B

o

* Few additional |]|
variants identified
by sequencing
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e Family-specific

Mahida et al, Cardiovascular Research 2010



AF IN YOUNGER PATIENTS IS
USUALLY GENETIC BUT COMPLEX



Who Gets Atrial Fibrillation ..?

e Tend to be younger

e Structurally normal heart
* No other co-morbidity

e His brother has it

e His mother had a stroke




FAMILY HISTORY AS RISK FACTOR FOR AF

Predicted 4-Year AF Risk
per 1000 Person-Years

Risk Factor
Hypertension

Diabetes Mellitus

Clinically Overt
Heart Disease

Parental AF

Fox et al, JAMA 2004 291:2851




FAMILY HISTORY AS RISK FACTOR FOR AF
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30% of AF patients have at least one parent with AF (OR 1.8)
OR increased to 3.2 if both parents and offspring had AF at age < 75

Fox et al, JAMA 2004 291:2851



AF in First Degree Relatives in associated
with increased risk of AF

HR 1.39
(1.12-1.73)
P=0.003
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Parson-examinations at risk
Familial AF 3
Mo famihal AF 9578

Lubitz et al, JAMA 2010 304:2263-9



COMPLEX AF GENETICS



Genome Wide Association Study

No AF




Genome Wide Association Study

AF No AF

Genetic variant more common in those with AF



Variants conferring risk of atrial fibrillation on

chromosome 4q25

Table 1| Analysis of the association of rs22007332 and rs10033464 on chromosome 4q25 with AF/AFI

Sample (cases/controls)

rs 22007337+
Freguencys

OR (953 Cl)

P

rs10033464 Tt
Freguencys

OR{(95% Cl)

lceland | |

Discovery (550/4,476)
Replication (2,251/13,238)
Combined (2,801,/17,714)
Other European ances try
Sweden (143 /738)

United States (636 804)
Combinedy|

All European ancestry
Combinedy|

Hong Kong

Hong Keng (333/2,836)

0.191 (0.114)
0.166 (0.108)
0.171 (0.110)

0.179 (0.098)
0.229(0.139)
- (=)
- (=)

0.605 (0.528)

184 (154-2.21)
164(145-181)
168 (153-1.83)

1.72 (159-1.86)

142(116-1.73)

20 x10~H
27 %1074
1.9 = 1073

0.00027
o8 = 10"
1.2 %10~

33 =107

0.00064

0.110 (0.020)
0.108 (0.020)
0.108 (0.080)

0.172(0.111)
0.105 (0.083)
- (=)
- (=)

0.190 (0.218)

1.42 (1.13-1.77)
1.40 (1.24-1.58)
1.40 {1.25-1.55)

1.65 (1.14-2.41)
1.30 (1.00-1.69)
1.41 (1.13-1.75)
1.39 (1.26-1.53)

1.08 (0.84-1.39)

Gudbjartsson et al., Nature 2007; 448:353-357




Variants conferring risk of atrial fibrillation on

chromosome 4q25

Table 1| Analysis of the association of rs22007332 and rs10033464 on chromosome 4q25 with AF/AFI

Sample (cases/controls) rs 2200733 T+ rs10033464 T

Freguencys OR {95% Cl) P Freguencys OR(95% Cl)
lceland | |
Discovery (550/4,476) 0.191 (0.114) 184 (154-2.21) 20 %107 0.110 (0.080) 142 (1.13-1.77)
Replication (2,251/13,238) 0.166 (0.108) 164(149-1.81) 27 %107%* 0.108 (0.080) 1.40 (1.24-1.58)
Combined (2,801/17,714)) 0171 (0.110) 16B(153-1.83) 19 x%107*  0.108 (0.080) 1.40 (1.25-1.55)
Other European ancestry
Sweden (143/738) 0.179 (0.098) 201(1.38-293) 0.00027 0.172(0.111) 1.65(1.14-2.41)
United States (636 804) 0.229 (0.139) 184(151-2.23) 98 %107  0.105 (0.083) 1.30 (1.00-1.69)
Combined| - (=) 188(158-223) | 12x1072 -(=) 1.41 (1.13-1.75)
All European ancestry
Combinedy| -{=) 1.72 (159-1.86) 33 =107 - (=) 1.39 (1.26-1.53)
Hong Kong
Hong Kong (333/2.836) 0.605 (0.528) 142(116-1.73) 0.00064 0.190 (0.218) 108 (0.84-1.35)
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Variants conferring risk of atrial fibrillation on

chromosome 4q25

Table 1| Analysis of the association of rs22007332 and rs10033464 on chromosome 4q25 with AF/AFI
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Combined (2,801/17,714)) 0171 (0.110) 16B(153-1.83) 19 x%107*  0.108 (0.080) 1.40 (1.25-1.55)
Other European ancestry
Sweden (143/738) 0.179 (0.098) 201(1.38-293) 0.00027 0.172(0.111) 1.65(1.14-2.41)
United States (636 804) 0.229 (0.139) 184(151-2.23) 98 %107  0.105 (0.083) 1.30 (1.00-1.69)
Combined| - (=) 188(158-223) | 12x1072 -(=) 1.41 (1.13-1.75)
All European ancestry
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PITX2c is required for the development of the
pulmonary vein myocardium

pulm. mesen. 8 Q@

pulm. myoc.

atrial myoc.
pv Pitx2c pv
—
differentiation
pulmonary pulmonary myocardial rapid proliferation and

mesenchyme population expansion
E10.5 E11.5-12.5 >E12.5

Mommersteeg et al. Circ Res 2007 101:902-9 Haissaguerre et al. N EnglJ Med 1998; 339:659



Feasibility of Identifying Disease Loci

Effect size
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Impact Metabolic Disease



Obesity and AF risk

Men

Obese
Overweight
Normal

Probability of AF
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8 10 12 14 16
Years

No. at Risk
Obese 413 380 464 444
Overweight 1216 1143 898 852
Normal 755 699 4 ¢ 48 153 1476

Adjusted HR 1.5 with obesity

Wang et al, JAMA 2004; 292:2471




Age and sex-adjusted hazards of progression from paroxysmal
to persistent AF by BMI

(Olmsted county data)
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Tsang et al. Eur Heart J 2008; 29:2227



Obesity and post-operative AF risk

Retrospective

Adjusted OR AF n = 8051
Obese = 3164

2.5

X
1.5
1.0
<22 22-25 25-30 30-35 35-40 >40
2
0.5 BMI (kg/m?2)

Zacharias et al, Circulation 2005 112;3247-55



Obstructive Sleep Apnoea and AF risk

(Olmsted county data)

No OSA
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Number at risk Years

=== Baid 708 569 478 38T 333 273 214 173 134 110 S 28
— 2209 1,902 1616 1,317 1,037 848 641 502 393 296 217 195

Gami et al. ] Am Coll Cardiol 2007; 49:565



Possible Mechanisms
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No. at Risk
Obese
Overweight
Normal

413
1216
795

Obesity and AF risk

Men

Obese
Overweight
Normal

4 6 8
Years

380 336
1143 1023
699 614

10

12

14

Probability of AF

8 10 12 14
Years

464 444 397
8908 852 776
153 1476 1394

Adjusted HR 1.5 with obesity, attributable to increased LA size

Wang et al, JAMA 2004; 292:2471
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Epicardial fat — adipocyte infiltration - fibrosis

Hatem et al. Cardiovasc Res 2014; 102:205




Atrial functional consequences chronic obesity in sheep

Obesity-Related Chronic Cardiac Remodeling

Acute Left Atrial (LA) * ‘ ;

Stretch/Dilation and Diastolic Dysfunction LA Fibrosis Pro-Fibratic
lﬂll_ PI'DI‘I‘IG[’IDI‘I aﬂd "n-_}.-fTD{II'IES
LA Stretch/Dilation J TGFP

Slow
riggers = Inhomogeneous

Conduction

Y !

Mahajan et al. ] Am Coll Cardiol 2015; 66:1-11



Transcriptional co-activators (PGCs) as plausible candidates

Repression of
FOXO3 activity Increased mitoc hondrial

' and metabolic gene
N Increased
IF;-

expression
va 0wl r zat bon
Increased ‘exercise’
Increased ROS Mﬂwﬁm
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Handschin et al, Nature 2008 454:463-468



Cardiac Arrhythmia in PGC-1pB -/- gene-targeted mice
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Prevention — Exercise/fitness



Physical activity and AF risk in Older Adults

of New-Onset AF

by

P trend < 0.001

oc
oc
e,
(]
npam?
)
=,
©
<
Q
9
(1)
-
)
=
—
-
=

Q2 Q3 Q4

Combined Distance and Pace
of Usual Walking (Quartiles)

Mozafarrian et al. Circulation 2008 118:800-807



Relation of Vigorous exercise to risk of AF

Relative Risk

Model 1
0 Model 2
@ Model 3

N
§
§ o

<1 1-2 3-4 5-7
day/week days/week days'week days/week

Aizer et al. Am J Cardiol 2009:103:1572-77



Prevention — weight control



Long term effects weight management (LEGACY trial)

Hypertension
Diabetes
Sleep Apnea
Dyslipidemia
Inflammation
Pericardial Fat

Weight Management Program

Weight Loss (WL)

Dose Effect
mproved Metabolic Profile

Improved Structural Remodeling

Weight Fluctuation

Dose Effect
Worsened Metabolic Profile
Structural Remodeling

-
e

Impact of Weight Loss on 5-Year Freedom
Without Any Rhythm Control Strategies

13%

o WL |

Impact of Weight Fluctuation on 5-Year
Total AF Freedom

Velght Gain

Weight
lllx tion

Pathak et al. ) Am Coll Cardiol 2015; 65:2159-69




Long term effects weight management (LEGACY trial)
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Case Study

Male b. 1970 - Persistent AF — 180.9 Kg (BMI 49.3)
Referred 10.2010 — unsuccessful DCC (amiodarone /metoprolol)

DCC (failed internal) success 12.2010 continued on amiodarone



Case Study

Male b. 1970 - Persistent AF — 180.9 Kg (BMI 49.3)
Referred 10.2010 — unsuccessful DCC (amiodarone /metoprolol)

DCC (failed internal) success 12.2010 continued on amiodarone

Bariatric surgery 01.2012



Case Study

Male b. 1970 - Persistent AF — 180.9 Kg (BMI 49.3)
Referred 10.2010 — unsuccessful DCC (amiodarone /metoprolol)

DCC (failed internal) success 12.2010 continued on amiodarone

Bariatric surgery 01.2012
12.2012 - 86kg — stop amiodarone

09.2015 - first episode recurrent AF + PV Isolation



Bariatric Surgery

Roux-en-Y gastric bypass Vertical sleeve gastrectony

The stomach is reduced to a Most of the stomach is removed

small pouch and connected and the part that remains is
directly to the intestine. stapled back together.

Pouch —¢

Bypassed
stomach

Removed

_ section
——Roux limb

Lower intestine

Gastric banding
An adjustable silicone band
controls how much food the
stomach can hold.

Port placed
under skin for
adjustment

Virginia Hughes Nature 2014; 511:282




Risk Factor Reduction in AF



Effect of weight reduction/risk factor control on AF symptoms

Figure 3. Changes in Atrial Fibrillation Symptom Scale (AFSS) Scores Over Study Follow-up
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Abed et al. JAMA 2013; 310:2050
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Risk factor reduction and Ablation outcomes (ARREST-AF trial)
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How hard should we try

Genetic referral of no current clinical value (rare exceptions)
Atrial fibrillation strong metabolic determination
Prevention — public health message — ‘metabolic syndrome’
Ideally integrated approaches (metabolic/sleep physicians)

Consider bariatric surgery



