
		
			
				
					Abstract

					Atrial fibrillation (AF) is considered as the most common sustained arrhythmia in adults, whose incidence rate is on the rise due to the increase in the mean age of the global population. In recent years, many efforts have been made to identify effective factors in the incidence of AF to prevent them and thereby reduce the consequences of AF. Physical activity is one of the topics that attracted much attention in the last two decades. According to some findings, extreme and prolonged exer-cise itself can be considered as a risk factor for the onset of AF; however, other studies have shown that exercise can be regarded a protective factor against AF in the general population. The present study reviews the findings of studies on the relationship between AF and exercise and discuss-es possible mechanisms for this relationship. Additionally, we present some recommendations for researchers and physicians about exercise management in association with AF prevention.
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				Introduction

				Atrial fibrillation (AF) is the most com-monly reported sustained arrhythmia in adults, with an estimated prevalence of 1-2% in the general population [1, 2]. Due to the ag-ing population of the world and the increasing prevalence of risk factors associated with AF, we are expected to witness an AF epidemic in the coming decades [3]. Therefore, the identi-fication of possible mechanisms and triggers of AF, especially the detection of preventable agents, and appropriate preventive programs can play a significant role in promoting com-munity health and reducing the costs associat-

				ed with disease management [4]. The general belief is that regular exercise can improve car-diovascular health and reduce cardiac events [1, 5]. In fact, physical activity is considered as an appropriate measure in preventing the risk of heart diseases by controlling weight gain and blood pressure as well as enhancing cardiometabolic efficacy [3, 6]. Indeed, stud-ies have shown that regular exercise leads to a reduction of 30-50% in all-cause mortality [7]. However, recent evidence suggests that ex-treme and prolonged exercise itself can be con-sidered as a risk factor for the onset of AF [8].

				On the other hand, many studies have shown that exercise can be a protective factor for AF 
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				in the general population [9]. Over the past two decades, more than 40 different studies have attempted to provide evidence of how physical exercise is linked to the risk of de-veloping AF [5, 7, 10]. Most of these studies are design-oriented in two overall categories: 1) studies that have taken place in the general population with the purpose of showing the effects of physical activity or inactivity on the risk of AF; and 2) studies that have been per-formed in athletes, sometimes compared with the control group, aimed at revealing the ef-fects of intense exercise on the risk of AF. In this paper, we review the findings of a variety of studies in this area and discuss possible mech-anisms regarding the relationship between ex-ercise and AF. Lastly, we present some recom-mendations for further research in this field.

				Studies in the General Population

				More than ten population-based studies have been conducted so far, to investigate the im-pact of physical activity on the risk of AF inci-dence [5, 10]. In the majority of these studies, evidence suggests that mild to moderate phys-ical activity can reduce the risk of AF in the community, whereas only few studies provide evidence of the ineffectiveness of regular ex-ercise in attenuating the risk of AF [7, 11, 12]. Results of the Aizer et al. study in a population of more than 16,000 people showed that habit-ual vigorous exercise for 5-7 days per week in people under 50 years of age increases the risk of AF, while there is no association between the incidence of AF and exercise in less time duration and at ages older than 50 years [11]. Similarly, in another study in Sweden, higher level of exercise in men of lower age was as-sociated with an increased risk of AF, while in older men, cycling/walking was associated with reduced AF risk [13]. Two studies from Norway and Finland showed that physical ac-tivity in women [12] and men [14] was not associated with a decrease in AF incidence. 

				In contrast with the studies showing a non-sig-nificant or reversed relationship between physical activity and AF burden, other studies have suggested that daily walking or cycling can reduce the risk of AF [5, 7, 15]. In a study in Sweden, it was found that moderate physi-

			

		

		
			
				cal activity could be effective in reducing the risk of AF in women (related risk: 0.85 for ≥4 h/week vs. <1 h/week) [16]. In the Car-diovascular Health Study, it was concluded that the incidence of AF in older adults with more regular physical is around a half lower than those with less physical activity [17]. In recent years, two Asian studies were also conducted to complete the Asian section of the puzzle of the relationship between exer-cise and AF. In both of these studies, which were collectively performed in a popula-tion of about 375,000 people, it was shown that moderate physical activity plays a pro-tective role against the onset of AF [18, 19]. 

				Recently, some other evidences have ap-proved what was shown by most of the popula-tion-based studies [7, 20, 21]. The findings of these studies, which include three cohort stud-ies by 2018, suggest that better cardiorespira-tory fitness is associated with a 30-60% lower risk of AF during follow-up of 5-19 years [7, 20]. Another study also found that any 1- met-abolic equivalent (MET) increase in cardiore-spiratory fitness could reduce the risk of AF by 7% (1 MET = a whole-body oxygen con-sumption of 3.5 mL O2/kg/min) [21]. Also, in other studies in the United States and Norway, results are also in favor of the effectiveness of exercise in reducing the incidence of AF [1, 5, 22, 23]. Although many population-based studies have been carried out so far, we still cannot see a very precise model for estimat-ing the effect of minimal physical activity, de-pending on its condition and type, in relation to AF risk; however, the beneficial effects of ex-ercise are unobtainable on the overall pattern of heart disease risk. By examining the sum of evidence, it is possible to claim that mild to moderate physical activity in the general population can be matched with the expected decrease in the risk of AF incidence, whereas physical inactivity or heavy exercise, espe-cially in young men, increases the risk of AF.

				Endurance Exercise

				As described above, according to popula-tion-based studies, vigorous physical activity, especially in young men, could be accom-panied by an increased risk of AF. Never-

			

		

	
		
			
				theless, in vitro studies on animal models, clinical trials with heavy exercise induction, case-control studies on AF patients, and co-hort research on professional athletes have reinforced the hypothesis of the risk factor na-ture of intense exercise for AF in recent years. The first evidence related to the risk factor na-ture of extreme exercise for AF was reported in the late 1990s [24], while in recent years there have been other studies that uncovered a U-Shape and/or J-Shape relationship between exercise and risk of AF [6, 25]. Studies have reported that athletes are about 2-4 times more likely to have AF than the “normal” popula-tion [26, 27]. Other investigations in mara-thon runners, skiers, and cyclists, especially in long-distance cross-country skiing and cy-cling, have underlined that there is a higher incidence of AF than the general population; and every 10 years of participation in profes-sional sports results in a 20% increase in the AF risk [11, 28, 29]. It was also found that moderate to severe activity in excess of 2000 hours during lifetime was significantly asso-ciated with a higher incidence of AF (odds ratio=3.88; 95% confidence interval= 1.55-9.73) [30]. Another study on 52.755 long-dis-tance cross-country skiers reported that the incidence of AF was significantly higher among those who had reached the finish line faster and completed more matches [31]. 

				A meta-analysis exhibited that the AF risk rate in athletes was 5.3 times more than in non-athletes [32]. This odds ratio of around five is impressive when compared with the odds ratio of about 1.5 for the proven rela-tionship between high blood pressure and increased risk of AF [5]. Other meta-analy-ses have also been published in recent years, which reported that the risk of AF in relation to the extent of exercise follows a J-shaped pattern [22]. However, among studies con-ducted in athletes, two studies with a sample size of less than 100 people have shown that endurance exercise is not necessarily associ-ated with structural changes in the heart and thus the risk of AF [33, 34]. These two stud-ies may not question the overall orientation of the other studies for the direct association between intense exercise and increased risk of AF, but they can provide new hypotheses 

			

		

		
			
				about the mechanisms that cause structural changes in the heart, and development of AF associated with extreme exercise. For exam-ple, can any kind of intense exercise be asso-ciated with increased risk for AF development or is this association restricted only to some particular types of severe exercise? Can the duration of exercise and its continuity be rec-ognized as a risk factor in the incidence of AF?

				Possible Mechanisms 

				To investigate the possible mechanisms in relation to the effect of exercise on prevent-ing or increasing the risk of AF, it is better to consider the mechanisms by assuming the J-Shape association of exercise with AF in two general categories: 1) the mechanisms of AF induction through exercise, and 2) pro-tective mechanisms of exercise against AF. 

				Mechanisms Explaining an Increased Risk for AF

				To better understand the mechanisms that are associated with AF induction through exer-cise, we categorized them in two groups: 1) for athletes with physical endurance activity, and 2) mechanisms associated with the lack of physical activities (sedentary lifestyle). Although there is still no precise mechanism for increasing AF among athletes with severe physical activity, some important pathways for the underlying pathophysiology have been proposed [35]. Ectopic triggers (originated from the pulmonary veins), modulators as well as altered atrial substrate are three po-tential mediators suggested for the athlete’s atrial arrhythmogenesis [36, 37]. More pre-cisely, elevated autonomic activity, bilateral atrial dilatation, atrial fibrosis (possibly due to increased aldosterone following exercise), abrupt shifts between vagal dominance and sympathetic drive, increased atrial premature beats, changes in the ion channels of the pace-maker cells, and cell junction loss and colla-gen accumulation (possibly due to increased vascular thickness, similar to what happened for blood pressure) are among the suggest-ed mechanisms for increasing the risk of AF following endurance sports [10, 38-41]. On the other hand, the lack of physical activity 

			

		

	
		
			
				also increases systemic inflammation and ox-idative stress; inflammation can induce atrial remodeling and eventually the incidence of AF [7, 10]. Autonomic dysfunction and sym-pathetic tone enhancement are other results of sedentary lifestyle that can increase after-depolarization-dependent triggered activity and thereby increase the risk of AF [10, 16].

				Mechanisms Explaining a Decreased Risk for AF

				There is still insufficient information avail-able on the protective mechanisms of exercise against AF [5]. However, increased physical activity and better cardiorespiratory fitness may contribute to reducing the risk of AF by helping to prevent other AF-related illnesses such as obesity (by decreasing visceral fat), hy-pertension, diabetes (by improving glycemic control), and obstructive sleep apnea [42-47]. Further, improving systolic and diastolic func-tion, reducing arterial stiffness, lower sympa-thetic drive, and making positive changes in the structure of the heart (such as decreasing the left atrial size) are among the other pos-sible mechanisms in relation to the effect of physical activity on reducing the risk of AF.

				 

				What to Do Next

				Suggestions for Practice

				Based on existing evidence, mild to moder-ate-intensity physical activity for 150 to 200 minutes per week (about half an hour per day), or aerobic exercise for 90-150 minutes per week (about 15-20 minutes per day), or achievement of cardiorespiratory fitness over 8 seems to be associated with a lower risk of AF [9]. However, it is strongly rec-ommended to determine the desired dura-tion and intensity of exercise in coordination with the medical practitioner [23], especial-ly in individuals with other AF risk factors.

				Suggestions for Further Research

				Perhaps the most significant limitation of cur-rent studies is the presence of heterogeneity in the methodologies used to measure the level of physical activity associated with de-creasing or increasing the risk of AF. On the other hand, the criteria used to detect AF do 

			

		

		
			
				not fit in many studies, and this makes it hard to draw a comprehensive conclusion. In rela-tion to measurements of activity level, there have been hitherto several methods, includ-ing self-reported data (based on qualitative variables such as low, moderate, severe, and very severe), daily exercise time report in hour, cardiorespiratory fitness status and cal-ories intake measurement. Self-reporting of daily activities of participants in studies can create a report-bias, resulting in errors in the conclusion, which is suggested to be replaced in subsequent studies by other methods. Therefore, it seems that conducting further investigations, with a higher focus on more precise methods for measuring activity and AF, can provide a better evidence basis for clinical decision-making. Also, while many studies have been conducted to uncover the mechanisms of AF induction by heavy exer-cise, the protective mechanisms of exercise against AF have not yet been well understood, and further studies are needed in this area. 

				Conclusions

				According to published results, it seems that the level of physical activity and risk of AF have a nonlinear relationship. Regu-lar “mild to moderate exercise” may have to be considered as an appropriate strategy to reduce the risk of AF in the general pop-ulation. Moreover, avoiding a sedentary lifestyle or very heavy exercise may be also ways to prevent the onset of AF, especially in young men. Lastly, besides the exact po-tential mechanisms, one of the questions that remains partially unanswered is the effect of different types of sports, their frequencies and durations on AF incidence. So, further studies are needed in order to gain a better understanding of the association between sports with different properties and risk of AF. 
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