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Growing Burden of Atrial Fibrillation (AF)Growing Burden of Atrial Fibrillation (AF)

Greater world-wide increase due to 
“western life style” (diet/physical activity)

15.9
western life-style  (diet/physical activity) 

5.1 (~33M world-wide)( )

Magnani Circulation 2011



Factor That Influence Vulnerability to Atrial Fibrillation (AF)Factor That Influence Vulnerability to Atrial Fibrillation (AF)
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Understanding Atrial Fibrillation (AF): 
CV disease and age are key risk factors
Understanding Atrial Fibrillation (AF): 
CV disease and age are key risk factors
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Understanding Atrial Fibrillation (AF): 
cumulative effects of risk factors
Understanding Atrial Fibrillation (AF): 
cumulative effects of risk factors

Environment
(diet, exercise)

Personal
(age ,genetics)

AF
Comorbidity
(CVD di b t )

AF

(CVD,diabetes)

Schnabel et al, Lancet , 2009



Understanding Atrial Fibrillation (AF):
Interdependence of exercise and obesity

Understanding Atrial Fibrillation (AF):
Interdependence of exercise and obesity

Environment
(diet, exercise)

Personal
(age ,genetics)

AF

Comorbidity
(CVD,diabetes)

Diet/Excessive 
Calories

Exercise
Physical activity 

AF

4% increase in AF risk for each BMI unit 10% reduction in AF for each MET unit4% increase in AF risk for each BMI unit 10% reduction in AF for each MET unit

Wang et al JAMA. 2004 Qureshi et al, Circulation, 2015



Obesity and exercise affect many physiological and molecular processes in 
many tissues with inflammation playing a dominant role in obesity

Obesity and exercise affect many physiological and molecular processes in 
many tissues with inflammation playing a dominant role in obesity

M h i t l T d i CV M d 2015Merghani et al, Trends in CV Med, 2015

Hajhosseiny et al, Heart Rhythm 2015 Gleeson Nature Reviews 2011



But the benefits But the benefits of exercise are Uof exercise are U--shapeshapeBut the benefits But the benefits of exercise are Uof exercise are U--shapeshape

Merghani et al, J Cardiovasc Med, 2015

Myrstad et al, Scand J Med Sci Sport, 2014 



Objective:Objective: 

Develop mouse models of 
exercise and test forexercise and test for 
connection with AFconnection with AF



Exercise Mouse ModelsExercise Mouse Models

Sedentary versus exercised



Atria
Consequences of exercise (6 weeks) in miceConsequences of exercise (6 weeks) in miceConsequences of exercise (6 weeks) in miceConsequences of exercise (6 weeks) in mice
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Microarray gene profiling revealed enrichment of NFκB Microarray gene profiling revealed enrichment of NFκB 
and p38 pathwaysand p38 pathways
Microarray gene profiling revealed enrichment of NFκB Microarray gene profiling revealed enrichment of NFκB 
and p38 pathwaysand p38 pathwaysp p yp p y
•• Gene set enrichment analysis (GSEA)Gene set enrichment analysis (GSEA)
•• Gene ontology and Biocarta pathways Gene ontology and Biocarta pathways 

p p yp p y
•• Gene set enrichment analysis (GSEA)Gene set enrichment analysis (GSEA)
•• Gene ontology and Biocarta pathways Gene ontology and Biocarta pathways 

Inflammation 
&&

TNFa-related signaling



Hypothesis:yp
Changes in TNF signaling are critical 
i t i l d li ith iin atrial remodeling with exercise



TNFα Inhibition Rescues Pathological Atrial Remodeling
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Bioinformatics Analysis of Data Generated 
Using Deep RNA SequencingUsing Deep RNA Sequencing

(Swim‐Sed)WT – (Swim‐Sed)TNFαKO

ff f S i ff f iEffects of Swim on WT

TNFα‐mediated effects in Swim Exercise

Effects of Swim on TNFαKO

TNFα‐mediated effects in Swim Exercise

Atria Ventricles

Far more gene sets/pathways are TNFα-sensitive in atria compared to ventricles
TNFα-sensitive gene changes in atria involve primarily mechanotransduction pathways



Conclusions
• AF has been shown to be anAF has been shown to be an 

inflammatory condition

• Obesity/Metabolic Syndrome (lack of 
exercise) is tightly associated with AF and 0 5 10 15 20
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exercise) is tightly associated with AF and 
linked to inflammation in humans

• Intense endurance sport/exercise also 
linked to both AF and inflammation in 

Time (min) 1.9 2.2 2.5 2.8 3.1 3.4
SL (m)

humans

• Intense exercise in mice also leads to AF 
in association with inflammation/fibrosis

• Adverse effects of exercise in mice in 
atrial‐specific and TNFα‐mediated

• TNFα has been shown to be a 

Movahed et al, Exp Clin Cardiol 2008;13(2):89-91

mechanosensor in several cell types and 
we find the effects of exercise are linked 
to mechanotransduction pathways

• This suggests that exercise‐induced AF 
might serve a similar mechanism to AF 
associated with risk factors the AF
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