
Review

Not peer-reviewed version

Atrial Fibrillation and Lifestyle

Modification: Charting New Courses for

Cardiovascular Health

Behzad Fahimi 

*

 , Somayeh Beikmohammadi , Parsa Rostami

Posted Date: 29 January 2024

doi: 10.20944/preprints202401.2005.v1

Keywords: Atrial Fibrillation; Inflammatory Mediators; Biomarkers; Global Health Challenge; Lifestyle

Modifications; Cardiovascular Outcomes; Antiarrhythmic Therapies

Preprints.org is a free multidiscipline platform providing preprint service that

is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons

Attribution License which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

https://sciprofiles.com/profile/3140275
https://sciprofiles.com/profile/3191605


 

Review 

Atrial Fibrillation and Lifestyle Modification: 

Charting New Courses for Cardiovascular Health 

Behzad Fahimi 1,*, Somayeh Beikmohammadi 2 and Parsa Rostami 3 

1 Academic Hospital Elisabeth-Krankenhaus , Essen, Nordrhein Westfallen, Germany 
2 Academic Hospital Elisabeth-Krankenhaus , Essen, Nordrhein Westfallen, Germany 
3 Nikan Hosptial, City of Tehran, Tehran, Iran 
* Correspondence: behzadfahimi@gmail.com 

Abstract: Atrial fibrillation (AF), a complex cardiac arrhythmia, necessitates a shift in management 
paradigms, emphasizing an integrative approach that incorporates lifestyle modifications. 
Investigations into the role of interleukins and inflammatory mediators are underway, exploring their 
potential as diagnostic markers and predictors of cardiovascular events in AF. Despite the 
identification of biomarkers related to cardiac remodeling, their predictive ability for post-
cardioversion outcomes remains controversial. Computational models are being developed to 
understand proarrhythmic contributions and identify anti-AF targets. Addressing the rising global 
incidence of AF, linked to stroke and heart failure, presents a critical health challenge. As risk factors 
like obesity prevail, AF becomes a pervasive public health concern, expected to double in prevalence 
over the next 50 years. The impact on mortality and morbidity, especially through hospitalizations, 
underscores the need for early detection and effective clinical management. Identifying individuals 
at increased AF risk becomes crucial for screening and prevention strategies. Lifestyle modifications, 
including weight management and physical activity, emerge as influential factors in AF management, 
offering the potential to alleviate symptoms and modify disease progression. The paper concludes 
by emphasizing the need for safer antiarrhythmic therapies based on AF mechanisms, promising 
improvement in global AF management. The multifaceted nature of AF etiology requires a broader 
perspective beyond traditional medical interventions, acknowledging the importance of integrated 
care to address this significant public health chall. 

Keywords: atrial fibrillation; inflammatory mediators; biomarkers; global health challenge; lifestyle 
modifications; cardiovascular outcomes; antiarrhythmic therapies 
 

Introduction 

Atrial fibrillation (AF) is a complex cardiac arrhythmia associated with adverse cardiovascular 
outcomes. Traditional management paradigms are being reevaluated to include lifestyle 
modifications due to their significant impact on AF trajectory [1]. The focus on pharmacological and 
procedural interventions is shifting towards a more integrative approach [2]. The role of interleukins 
and inflammatory mediators in the pathogenesis, prognosis, and treatment of AF is being 
investigated, with potential for their use as markers of diagnosis and cardiovascular events [3]. 
Biomarkers related to cardiac remodeling, fibrosis, inflammation, oxidative stress, and adipose tissue 
dysfunction have been identified, but their predictive ability for post-cardioversion outcomes is still 
controversial [4]. Computational models are being developed to understand the proarrhythmic 
contributions of AF-induced alterations and identify novel anti-AF targets [5]. In addition, targeting 
inflammatory signaling and fibroblast function may prevent structural remodeling and progression 
of AF. The development of more effective and safer antiarrhythmic therapies based on the underlying 
mechanisms of AF is a promising avenue for improving AF management. 
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A Global Health Challenge: 

The increasing incidence of atrial fibrillation (AF) is a global health challenge due to its links to 
stroke, heart failure, and cardiovascular morbidity. As societies age and risk factors like obesity and 
sedentary lifestyles become more prevalent, AF has become a pervasive public health concern. The 
multifaceted nature of AF etiology requires a broader perspective beyond traditional medical 
interventions [6–8]. The prevalence of AF is expected to more than double over the next 50 years, 
leading to significant clinical implications and healthcare cost burden [9]. AF is associated with 
increased mortality and morbidity, particularly due to hospitalizations [10]. Early detection and 
characterization of AF patients are crucial for effective clinical evaluation and management. The 
identification of individuals at increased risk of AF can aid in screening, surveillance, management, 
and prevention strategies. The care burden of AF and its consequences impact health systems, 
emphasizing the need for thromboembolic prophylaxis and integrated AF care. 

Shifting Perspectives: Lifestyle Modifications in AF Management: 

Lifestyle modifications have emerged as pivotal influencers in AF management, with the 
potential to alleviate symptoms and modify the course of AF development. Weight management, 
physical activity, dietary choices, and risk factor reduction have all been shown to play a role in AF 
management [11]. This shift in perspective challenges traditional dogmas and encourages a more 
nuanced understanding of AF pathogenesis [12]. Contemporary research has highlighted the intricate 
interplay of genetic, inflammatory, and lifestyle factors in shaping the course of AF [13]. By 
addressing lifestyle factors, such as weight, physical activity, and diet, clinicians can potentially 
improve AF outcomes and reduce the burden of the condition [14]. Lifestyle modifications offer a 
complementary approach to pharmaceutical and procedural solutions, providing patients with 
additional tools to manage their AF effectively [15]. 

Objective of the Review: Synthesizing the Impact of Lifestyle Changes on AF: 

Lifestyle changes play a significant role in the management of atrial fibrillation (AF) [11,13]. 
Patients with AF can benefit from virtual education programs that provide knowledge, skills, and 
self-efficacy, while reducing anxiety and normalizing their experience [15]. Additionally, lifestyle 
modifications such as adaptive foraging (AF) by consumers can enhance community stability and 
promote further diversification of niche traits [16]. In Africa, there is a high prevalence of overweight 
and obesity among patients with type 2 diabetes, highlighting the need for innovative weight 
management interventions tailored to the cultural context [17]. Older adults in Chinaʹs Yangtze River 
Delta region exhibit a stronger preference for aging in place (AIP) in more developed cities, with 
individual characteristics, mental health, and physical health influencing AIP preference. Overall, 
lifestyle changes have the potential to positively impact AF management, community stability, 
weight management in type 2 diabetes, and aging in place preferences [17]. 

II. The Multifaceted Etiology of AF 

Traditional Approaches: Comprehensive Exploration of Pharmacological and Procedural Interventions in AF 

Management 

Traditional therapeutic strategies for Atrial Fibrillation (AF) have primarily centered around 
pharmacological agents and procedural interventions. In this section, we embark on a thorough 
examination of these conventional approaches, acknowledging their historical significance while 
critically assessing their limitations in addressing the nuanced and multifaceted nature of AF 
etiology. 

Pharmacological Interventions: 

Pharmacological interventions for atrial fibrillation (AF) have historically focused on restoring 
and maintaining normal sinus rhythm. However, these antiarrhythmic medications are limited by 
the risk of proarrhythmia, potential side effects, and variable individual responses. The challenges 
associated with pharmacological rhythm control have highlighted the need for alternative strategies 
that go beyond traditional drug-based interventions [18–20]. 

Procedural Interventions: 

Procedures like catheter ablation have gained prominence in managing AF, targeting 
arrhythmogenic foci within the heart. While ablation has shown success in certain cases, its efficacy 
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can be variable, and the invasiveness of the procedure poses inherent risks [21]. Moreover, not all 
patients are suitable candidates for these interventions, emphasizing the necessity for a more 
comprehensive understanding of AF etiology to guide treatment decisions [22]. There is growing 
evidence that catheter ablation may reduce HFpEF severity, hospitalization, and mortality compared 
to medical management [23]. Individualized ablation strategies stratified by stepwise substrate 
inducibility provide a logical basis for catheter-based rhythm control in this heterogeneous 
population [24] 

III. Beyond Electrophysiology: Evolving Perspectives on AF Etiology 

A holistic understanding of atrial fibrillation (AF) etiology requires considering factors beyond 
electrophysiology. Genetic predisposition, inflammatory processes, and lifestyle factors all play a role 
in shaping the trajectory of AF [25–28]. Electrophysiological abnormalities alone may not provide a 
complete picture of AF etiology, and a comprehensive approach is needed to unravel the complex 
interplay between these factors. Genetic studies have identified mutations associated with AF, 
highlighting the importance of genetic predisposition [29]. Inflammatory processes, such as atrial 
fibrosis, have been linked to AF and can be assessed through echocardiography. Lifestyle factors, 
including diet, exercise, and stress, also contribute to AF development. By considering these 
multifaceted aspects, a deeper understanding of AF etiology can be achieved, leading to improved 
prevention and management strategies. 

Genetic Factors: 

Familial forms of atrial fibrillation (AF) have been identified, and genetic loci associated with AF 
have been mapped. Family history of AF is associated with an increased risk of first-degree relatives 
developing AF. Mutations in potassium channel genes (ABCC9, HCN4, KCNA5, KCND3, KCNE1, 
KCNE2, KCNE3, KCNE4, KCNE5, KCNH2, KCNJ2, KCNJ5, KCNJ8, KCNN3, and KCNQ1) and 
sodium channel genes (SCN1B, SCN2B, SCN3B, SCN4B, SCN5A, and SCN10A) have been identified 
as causing AF. Gain-of-function mutations increase repolarizing K+ current, while loss-of-function 
mutations delay repolarization and promote Ca2+ mediated afterdepolarization. Other genetic 
variants, such as mutations in the GJA5 gene, affect cell-cell coupling and conduction velocity. 
Genome-wide association studies have identified genetic variants associated with AF susceptibility, 
including SNPs on chromosomes 4q25 and 16q22. The Pitx2 gene, involved in embryonic 
organogenesis, and the ZFHX3 gene, involved in Ca2+ regulation, have also been implicated in AF. 
The AFGen consortium has identified 17 independent susceptibility signals for AF at 14 genomic 
regions. These findings may lead to the assessment of individual AF risk and the discovery of new 
therapeutic targets [30–32]. 

Inflammatory Pathways: 

Inflammatory pathways play a role in triggering AF and AF, in turn, increases the inflammatory 
state. Elevated levels of inflammatory biomarkers, such as CD40 ligand, fibrinogen, matrix 
metalloproteinase-9 (MMP-9), and C-reactive protein, have been observed in patients with AF. 
Inflammation leads to electrical and structural remodeling of the atria, promoting the maintenance 
and occurrence of AF. Inflammatory markers, including the systemic immune inflammation index, 
neutrophil-lymphocyte ratio, and platelet/lymphocyte ratio, have been found to be higher in patients 
with AF compared to those with normal sinus rhythm [33]. Inflammation triggers AF by amplifying 
inflammatory pathways, leading to atrial structural remodeling, atrial dilatation, and increased 
fibrosis in the atrial myocardium. This inflammatory state also causes downregulation of potassium 
channels and calcium handling-associated genes, as well as decreased expression of connexin 40, 
resulting in arrhythmogenic electrical remodeling. Additionally, inflammation promotes autonomic 
remodeling by upregulating sympathetic and parasympathetic innervation and neurotrophin 
expression in the atria. The interaction between inflammation and AF forms a vicious cycle, where 
AF further increases the inflammatory state [34–37]. 

VI. Integration of Lifestyle Factors: Recognizing Lifestyle as Integral to AF Pathogenesis 

Lifestyle factors, including dietary habits, physical activity levels, cardiovascular health, and 
BMI, have been recognized as modifiable determinants that influence the development and 
progression of atrial fibrillation (AF) [13,38]. These lifestyle choices play an integral role in the 
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intricate web of AF pathogenesis, extending beyond genetic and electrophysiological factors [39]. 
There is increasing interest in understanding and measuring behavioral risk factors associated with 
AF, such as alcohol consumption, sedentariness, and smoking, in order to reduce stroke risk [40]. 
Studies have shown that lifestyle interventions, emphasizing physical activity, weight loss, and 
adherence to a Mediterranean diet, can have a favorable effect on blood concentrations of biomarkers 
related to AF pathways, such as high-sensitivity C reactive protein (hsCRP), 3-nitrotyrosine (3-NT), 
and N-terminal propeptide of B-type natriuretic peptide (NT-proBNP) [33]. These findings highlight 
the importance of considering lifestyle factors in the prevention and management of AF. 

Dietary Influences: 

One study found that adherence to Mediterranean-style or Dietary Approaches to Stop 
Hypertension (DASH) diets was associated with a lower incidence of AF, but these associations were 
no longer significant after accounting for lifestyle factors, with obesity being a major factor [41]. 
Another study failed to show an association between specific dietary patterns, including the 
Mediterranean diet, and AF development [42]. Reducing the consumption of ultra-processed foods 
may be important for the primary prevention of atrial fibrillation (AF) [41]. However, a Mendelian 
randomization study found a significant correlation between high dietary salt intake and increased 
risk of AF. The study found that the odds ratio for AF per unit increase in dietary salt intake was 1.36 
(95% CI, 1.04-1.77) [43]. Letʹs delve into the contrasting findings and the implications of these studies: 

Mediterranean-Style or DASH Diets and AF Incidence: 

Positive Associations: A study proposed that following Mediterranean-style or Dietary 
Approaches to Stop Hypertension (DASH) diets was linked to a reduced occurrence of atrial 
fibrillation (AF). These dietary patterns emphasize the consumption of fruits, vegetables, whole 
grains, and lean proteins, which are believed to confer cardiovascular benefits. Additionally, the 
identification of Indo-Mediterranean and Japanese foods, such as pulses, porridge, spices, millets, 
guava, blackberry, soya tofu, whole rice, vegetables, and fish rich in fish oil, fish peptides, and taurine, 
has been associated with lower blood pressur [41,43,44]. 

Mixed Findings on Specific Dietary Patterns: 

Role of Ultra-Processed Foods: 

Highly processed foods often contain high levels of salt, unhealthy fats, and additives, which 
can contribute to inflammation, oxidative stress, and other factors associated with AF [41]. The 
excessive intake of ultra-processed foods can lead to imbalanced diets, obesity, and metabolic 
disorders [45]. Studies have shown a strong association between the consumption of ultra-processed 
foods and an increased risk of developing chronic conditions such as type 2 diabetes and certain types 
of cancers [46]. Additionally, the non-nutritional properties of ultra-processed foods, such as their 
high palatability and rewarding stimulus, can influence feeding facilitation and eating behavior [47]. 

Dietary Salt Intake and Mendelian Randomization: 

Contradictory Findings:  

A Mendelian randomization study found a significant correlation between high dietary salt 
intake and an increased risk of AF [43]. This contradicts previous studies and suggests that the impact 
of dietary salt on AF may be more nuanced than initially thought. The study used genetic instruments 
for dietary salt intake from a genome-wide association study and summary-level data for AF from 
another GWAS. Multiple MR methods were employed, including the IVW method, MR-RAPS, 
maximum likelihood estimation, and MR-PRESSO. All methods consistently showed a significant 
correlation between dietary salt intake and the risk of AF. These findings provide robust evidence 
supporting the association between dietary salt intake and AF risk. However, further research is 
needed to clarify this relationship and translate the findings into clinical practice [48]. 

Consideration of Genetic Factors: 

Mendelian randomization studies provide evidence that individuals genetically predisposed to 
high salt intake may have an elevated risk of atrial fibrillation (AF) [43]. This highlights the 
importance of considering genetic factors when examining the relationship between diet and AF. 
Additionally, Mendelian randomization has been used to investigate the potential causalities of 
polyunsaturated fatty acids (PUFAs) with sepsis and mortality risk [49]. The use of genetic variants 
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as instrumental variables in Mendelian randomization studies allows for a more robust assessment 
of causality, overcoming biases present in observational studies [50]. Furthermore, Mendelian 
randomization has been applied to assess the causal effects of various clinical factors on coronary 
artery disease (CAD) [51]. These studies have identified causal effects of cardiometabolic traits and 
other clinical factors on CAD, emphasizing the importance of considering genetic factors in 
understanding disease etiology [52]. 

In summary, the relationship between diet and atrial fibrillation is multifaceted and influenced 
by various factors, including lifestyle, obesity, and genetic predispositions. While certain dietary 
patterns, such as the Mediterranean or DASH diets, may initially appear beneficial, the complexity 
of the interplay with lifestyle factors complicates the interpretation of findings. The contradictory 
results on salt intake further emphasize the need for a nuanced understanding of the role of specific 
dietary components in AF development. 

Physical Activity and AF: 

The impact of physical activity on AF risk and progression is multifaceted. Regular physical 
activity and exercise training are integral for the secondary prevention of cardiovascular disease, 
including AF. Moderate-intensity exercise and remaining physically active are recommended to 
prevent AF incidence or recurrence [53]. A proposed evidence-based recommendation for patients 
with AF is 360-720 MET-minutes/week, corresponding to approximately 60-120 minutes of exercise 
per week at moderate-to-vigorous intensity [54]. Non-traditional, low-moderate intensity exercise, 
such as Yoga, may also have promising benefits on patient quality of life and physical capacity [46]. 
Short-term exercise-induced cardioprotection and ʹnon-responseʹ to exercise training are interesting 
concepts in AF rehabilitation [55]. Excessive endurance exercise may paradoxically increase the risk 
of AF, highlighting the need for a balanced approach to exercise and AF risk reduction. 

Letʹs explore the multifaceted impact of physical activity on AF risk and progression, taking into 
consideration different intensities, types of exercise, and potential nuances: 

Regular Physical Activity and Secondary Prevention: 

Cardiovascular Benefits:  

The quantity of visceral fat that is accumulated in the body can be reduced by frequent exercise. 
Additionally, it may be advantageous for controlling blood sugar, arterial stiffness, sympathetic 
drive, and the structure of the heart—particularly the left atrium, which is prone to atrophy. Research 
has indicated that regular engagement in physical activity can lower the frequency of atrial 
fibrillation (AF) episodes [56]. Itʹs crucial to remember, though, that research points to a possible 
increased risk of AF in relation to vigorous physical exercise. Generally speaking, maintaining an 
ideal level of physical activity can help lower the risk of atrial fibrillation (AF) and the difficulties that 
come with it [57]. 

Moderate-Intensity Exercise:  

For individuals with atrial fibrillation (AF), a suggested weekly exercise threshold is 360–720 
MET-minutes, or 60–120 minutes of moderate–to–intense exercise. This is how a cardiac 
rehabilitation program usually works. It is possible to reduce the number of non-responders and raise 
the possibility of successful outcomes by gradually increasing the dose to 1000–1499 MET-
minutes/week. This can be accomplished by implementing a tailored and progressive rehabilitation 
program. [57,58]. 

Non-Traditional Exercise Approaches: 

Yoga and Quality of Life: Non-traditional exercises, such as Yoga, may offer promising benefits 
for patients with AF. Yoga combines physical postures, breathing exercises, and meditation, 
potentially contributing to improved quality of life and physical capacity [59]. The holistic approach 
of Yoga may address both physical and psychological aspects of well-being. 

Short-Term Exercise-Induced Cardioprotection: 

Given that short-term exercise-induced cardioprotection has been demonstrated to have 
protective effects on the cardiovascular system, it is especially pertinent when considering cardiac 
rehabilitation for atrial fibrillation (AF) patients. Research has indicated that brief bursts of exercise 
can mitigate the damage done to the heart and blood vessels as a result of reperfusion and ischemia, 
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hence offering prompt cardioprotection [60]. Furthermore, it has been discovered that individuals 
who have had surgical aortic valve replacement (SAVR) benefit from short-term exercise training in 
terms of arterial blood pressure and QT dispersion [61]. Short-term exercise may have a role in 
neuroprotection following a stroke, as acute exercise has also been demonstrated to enhance stroke 
outcomes by inducing activation of endothelial nitric oxide synthase [62]. This is particularly relevant 
in the context of AF rehabilitation, where integrating short-term exercise interventions may yield 
positive outcomes. 

Non-Response to Exercise Training: 

Individual Variability: The idea of ́ non-responseʹ to exercise training underscores the individual 
variability in how individuals may adapt to exercise. Some individuals may not experience the 
expected cardiovascular benefits, emphasizing the need for personalized exercise prescriptions in AF 
rehabilitation programs [63,64]. 

Risk of Excessive Endurance Exercise: 

Excessive endurance exercise, such as long-distance running, may induce physiological stress 
that could contribute to arrhythmogenic changes in the atria. Several studies have found an increased 
risk of atrial fibrillation (AF) in endurance athletes, particularly in men [65,66]. The relationship 
between endurance training and AF is complex, with factors such as cardiac adaptations to exercise, 
disturbances in cardiac injury biomarkers, and sex differences playing a role [67]. Endurance athletes 
often exhibit cardiac remodeling, including left atrial dilation, which is associated with AF in the 
general population [68]. However, it is important to note that atrial dilation in athletes is part of a 
physiological response to exercise, and functional parameters may help differentiate between 
physiological and pathological atrial remodeling [69]. 

In summary, physical activity plays a crucial role in managing AF risk and progression. The 
recommendations for exercise intensity, the exploration of non-traditional exercises like Yoga, and 
considerations of short-term cardioprotection and individual variability underscore the need for a 
personalized and balanced approach to exercise in AF rehabilitation. Healthcare providers should 
tailor exercise prescriptions based on individual characteristics, emphasizing both the cardiovascular 
benefits and potential risks associated with different exercise modalities. 

V. Comprehensive Risk Factor Modification: 

A comprehensive approach to risk factor modification for atrial fibrillation (AF) involves 
addressing multiple factors simultaneously. This includes lifestyle interventions such as weight 
management, blood pressure control, and maintaining a healthy lipid profile [70,71]. Weight loss, 
specifically from a body mass index (BMI) above 30 kg/m2, and the favorable effect on blood 
concentrations of biomarkers related to atrial fibrillation (AF) involves intricate pathophysiological 
mechanisms [13]. Hereʹs a discussion on the pathophysiology of this relationship. 

Inflammation and Adipose Tissue: 

Adipokines: Adipose tissue, especially visceral fat, is known to produce pro-inflammatory 
cytokines and adipokines. Elevated levels of these substances contribute to a chronic inflammatory 
state, which has been linked to the development and progression of AF. Eating can aggravate atrial 
fibrillation (AF) by inducing atrial remodeling through various pathways, including fatty infiltration, 
oxidative stress, inflammation, fibrosis, and autonomic nervous system stimulation. It is possible to 
evaluate EAT thickness and volume accurately using a variety of imaging techniques, which makes 
it a promising imaging marker for risk assessment and cardiovascular outcome prediction. Specific 
medicines for eating disorders have not yet received approval, however EAT has been suggested as 
a viable therapeutic target [72–74]. 

Inflammatory Biomarkers: Weight loss, particularly in the context of reducing excess adipose 
tissue, can lead to a decrease in the release of inflammatory biomarkers such as C-reactive protein 
(CRP), interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-α). This reduction in systemic 
inflammation may have a positive impact on the atrial myocardium, potentially attenuating the 
proarrhythmic environment [75–77]. 
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Cardiac Remodeling: 

Fatty Infiltration: Fatty infiltration in the atrial myocardium is linked to obesity and results in 
structural and electrical changes. Losing weight can stop or reverse this process, which would help 
the structure and function of the atrial tissue return to normal [78]. 

Fibrosis Reduction: Excessive adiposity is linked to atrial fibrosis, a common finding in 
individuals with AF. Weight loss may mitigate fibrotic changes by reducing the mechanical stretch 
on the atrial tissue, thus influencing the structural substrate for AF [79]. 

Metabolic Factors: 

Insulin Resistance: A pathological condition known as insulin resistance (IR) occurs when cells 
do not react to the insulin hormone as they should, which results in poor glucose disposal. It is 
associated with atrial fibrillation (AF), diabetes, obesity, inflammation, and cardiovascular 
disorders—all of which are risk factors for AF. Obesity is another pathophysiologic component of 
type 2 diabetes mellitus that is linked to IR. Once hyperglycemia is evident, insulin resistance can be 
used as a therapeutic target and is a strong predictor of the development of diabetes in the future. 
Diabetes, prediabetes, and the metabolic syndrome all share IR. People who have type 2 diabetes 
frequently experience undiagnosed earlier stages of prediabetes and insulin resistance. While 
metabolic syndrome and insulin resistance are risk factors for AF episodes, not all clinical 
observations have supported them [80]. There is a strong correlation between diabetes and the 
incidence of atrial fibrillation (AF); meta-analyses show that people with type 2 diabetes had an 
increased risk of AF by 30.0–40.0%, even after controlling for hyperthyroidism, hypertension, BMI, 
renal disease, smoking, and coronary heart disease [81,82] 

Dyslipidemia:  
Dyslipidemia, characterized by elevated LDL cholesterol, low HDL cholesterol, and/or elevated 

triglyceride levels, has been associated with AF [83]. Studies have demonstrated that weight loss 
interventions, such as exercise, laparoscopic sleeve gastrectomy, and surgical removal of ACTH-
secreting pituitary adenomas, can result in changes in specific lipid species and overall lipid levels 
[84]. These changes in lipid metabolism have been associated with improvements in BMI, glycated 
hemoglobin, triglyceride, and total cholesterol levels [85]. Therefore, weight loss interventions may 
contribute to a less arrhythmogenic environment by improving lipid profiles and reducing the risk 
of dyslipidemia-related complications, including AF. 

Hemodynamic Effects: 

Reduced Cardiac Load: Excess weight places an increased load on the heart, potentially 
contributing to atrial stretch and dilation. Weight loss can alleviate this hemodynamic burden, 
reducing atrial pressure and decreasing the likelihood of atrial stretch-related triggers for AF [86,87]. 
Bariatric surgery-induced weight loss has been shown to improve left atrial mechanical function, as 
measured by longitudinal strain, which is an independent imaging biomarker of increased AF and 
HF risk [88]. In patients who achieved effective weight loss with bariatric surgery, alterations in P-
wave related atrial arrhythmia predictors, such as P wave dispersion and P wave peak time, were 
observed, indicating positive effects on the regression of ECG parameters that are predictors of atrial 
arrhythmias, particularly AF [89]. 

Systemic Effects: 

Sleep Apnea and Hypertension:  

A meta-analysis of 54,271 patients found that the incidence of AF is 88% higher in patients with 
OSA. Age and hypertension independently strengthen this association, suggesting that OSA 
treatment could help reduce AF recurrence [90].Weight loss has been associated with improvements 
in conditions often linked to obstructive sleep apnea (OSA) and hypertension. OSA is strongly 
associated with obesity, and intentional weight reduction in people with obesity and OSA has been 
shown to result in improvements in OSA severity [91]. Additionally, OSA and hypertension often 
coexist, and treating OSA can help improve hypertension [92]. However, while weight loss has been 
shown to improve various cardiovascular risk factors associated with OSA, such as HbA1c, systolic 
blood pressure, HDL cholesterol, and triglycerides, the effects on cardiovascular events have not been 
demonstrated [93]. Nevertheless, a small weight loss in a short period of time has been shown to have 
beneficial effects on central hemodynamic parameters, arterial stiffness, and autonomic activity in 
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obese individuals with non-severe sleep apnea [94]. Therefore, weight loss may indirectly contribute 
to a reduction in AF risk by improving conditions such as OSA and hypertension, but further research 
is needed to establish the direct impact on AF risk. 

Anti-inflammatory Effects of Exercise: 

Physical Activity:  

There are several physiological reasons why exercise has been demonstrated to have anti-
inflammatory effects. First of all, people with chronic inflammation frequently have high levels of 
pro-inflammatory cytokines like TNF-α and IL-6, which can be decreased by regular physical activity. 
Second, pro-inflammatory cytokines can be countered by exercise by increasing the production of 
anti-inflammatory cytokines like IL-10. Exercise can also increase the synthesis of heat shock proteins, 
which shield cells from oxidative damage and inflammation [95–97]. In conclusion, regular exercise 
can have significant anti-inflammatory effects, which can contribute to the reduction of systemic 
inflammation. This can further mitigate the risk of atrial fibrillation, a common heart rhythm disorder. 
Therefore, incorporating regular physical activity into oneʹs lifestyle can be a beneficial strategy for 
maintaining cardiovascular health. 

Lifestyle risk factors such as hypertension, sleep apnea, obesity (BMI>30 kg/m2), alcohol, and 
smoking have been identified as independent predictors of AF [98]. Comprehensively managing 
these risk factors has been shown to improve outcomes in AF patients. Therefore, a holistic approach 
that includes weight management and addressing other lifestyle risk factors is crucial in reducing the 
development and progression of AF. 

VI. Lifestyle Modification in Primary Prevention 

Lifestyle modifications play a crucial role in mitigating the risk of atrial fibrillation (AF) before 
its onset [99]. However, implementing these changes on a broader scale poses challenges. One 
challenge is the incomplete correction of modifiable risk factors, such as obesity, hypertension, and 
hyperlipidemia [100]. Another challenge is the lack of evidence from randomized controlled trials on 
the effects of integrated AF lifestyle programs [101]. Overcoming these barriers requires personalized 
risk factor treatment programs, patient education, and durable lifestyle management [102]. 
Additionally, the use of technology-supported interventions, such as e-health platforms, can enhance 
the effectiveness of lifestyle therapies. 

The HARMS2-AF score is a lifestyle risk score that helps identify individuals at risk of atrial 
fibrillation (AF) in the general population [103]. It was developed and validated using data from the 
UK Biobank and Framingham Heart Study cohorts. The score includes factors such as hypertension, 
age, body mass index, male sex, sleep apnea, smoking, and alcohol consumption as predictive 
variables for AF development. Physical inactivity and diabetes were not found to be significant 
predictors [104]. The HARMS2-AF score demonstrated good predictive performance and 
outperformed other risk models such as Framingham-AF and ARIC [105]. 

The FIND-AF algorithm can identify individuals at higher risk of incident atrial fibrillation (AF) 
with good performance. It also has the ability to predict the risk of other conditions and death [106]. 
In a study using UK primary care electronic health records, FIND-AF demonstrated robust 
performance in identifying individuals at higher risk of AF within the next 6 months[106]. These 
individuals had a significantly higher risk of developing a range of other conditions including heart 
failure, stroke, peripheral vascular disease, and diabetes, among others. Additionally, they had a 
higher risk of death, accounting for a majority of cardiovascular deaths [107]. 

This lifestyle risk score may be useful in identifying individuals who are at risk of developing AF and 

can assist in population screening efforts. 

VII. Critical Analysis of Clinical Trials and Studies 

The collective analysis of the studies underscores the pivotal role of lifestyle modifications in 
managing atrial fibrillation (AF). Randomized clinical trials, such as Abed HS et al. (108) and the 
REVERSE-AF study by Middeldorp ME et al. (109), provide robust evidence supporting the efficacy 
of weight reduction and comprehensive risk factor management in reducing AF symptom burden. 
The significance of aggressive risk factor reduction is echoed in Pathak RK et al.ʹs (110) cohort study, 
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emphasizing the importance of a holistic approach in improving outcomes, particularly in the context 
of AF ablation. 

Epidemiological studies and reviews by Mozaffarian D et al. (111) contribute essential 
population-level insights, with the former establishing prevalence statistics and the latter delving into 
the components of a cardioprotective diet. Large cohort studies, such as those conducted by Mora S 
et al. (112) and Huxley RR et al. (113), reinforce the association between physical activity, 
cardiovascular risk factors, and the onset of AF. Kwok CS et al.ʹs (114) meta-analysis further 
strengthens the link between AF and dementia, drawing attention to the multifaceted impact of AF 
beyond cardiovascular implications. 

Wang TJ et al.ʹs (115) cohort study, with its substantial sample size of 22,005 participants, 
contributes significantly to our understanding of atrial fibrillation (AF) risk factors. The robustness 
of the large cohort enhances the reliability of the findings, and a P-value of <0.001 adds statistical 
strength to the identification of obesity as a risk factor.  

In contrast, the pilot study conducted by Lampert R et al. (116) explores lifestyle modificationʹs 
potential in alleviating AF symptoms. The studyʹs strength lies in its initial investigation into the 
promise of lifestyle changes. However, the limitation of a small sample size restricts the 
generalizability of the findings. To validate the observed effects of lifestyle modification on AF 
symptoms, larger and controlled studies are essential. While pilot studies are pivotal for generating 
hypotheses, further research with more extensive participant cohorts is necessary to establish the 
efficacy of lifestyle interventions in managing AF symptoms comprehensively. 

Mozaffarian D et al.ʹs (117) review provides a comprehensive exploration of the components of 
a cardioprotective diet, contributing significantly to a holistic understanding of cardiovascular health. 
The strengths of the study lie in its in-depth analysis, offering insights into dietary factors that may 
positively impact cardiovascular outcomes. However, akin to Lavie CJ et al. (118), the study is 
susceptible to potential biases associated with the review process. Review articles, by nature, rely on 
the selection and interpretation of existing studies, introducing the possibility of bias in the inclusion 
of studies and the synthesis of evidence. Despite this limitation, Mozaffarian D et al.ʹs work remains 
valuable for its role in elucidating dietary components that may influence cardiovascular health, 
providing a foundation for future research and dietary recommendations. 

Despite the promising findings, certain limitations are evident, such as the varied sample sizes 
and potential biases intrinsic to observational studies and reviews. The diversity in study 
methodologies highlights the need for a meticulous approach in interpreting results and generalizing 
findings to broader populations. Overall, the synthesis of existing evidence advocates for a 
comprehensive strategy incorporating lifestyle interventions in AF management, yet the 
methodological nuances emphasize the imperative for further well-designed clinical trials to validate 
and refine these approaches. 

Discussion Section: Unraveling the Complexities of Atrial Fibrillation Management 

The multifaceted nature of atrial fibrillation (AF) demands a comprehensive exploration of its 
etiology and management. This review delves into the evolving landscape of AF, scrutinizing 
traditional approaches, and highlighting the emerging significance of lifestyle modifications. As the 
global incidence of AF rises, the need for a paradigm shift towards a more integrative and 
personalized approach becomes increasingly evident. 

The traditional focus on pharmacological and procedural interventions is being reevaluated, 
giving way to a more integrative approach that includes lifestyle modifications. The recognition of 
interleukins and inflammatory mediators as potential markers for AF diagnosis and cardiovascular 
events underscores the dynamic exploration of AF pathogenesis. Computational models are paving 
the way for novel anti-AF targets, signaling a departure from conventional therapeutic strategies. 
This paradigm shift acknowledges the limitations of current approaches and strives for a deeper 
understanding of AF etiology. 

The escalating incidence of AF presents a formidable global health challenge, with significant 
links to stroke, heart failure, and cardiovascular morbidity. Aging populations and the increasing 
prevalence of risk factors like obesity and sedentary lifestyles amplify the urgency of addressing AF 
on a broader scale. The anticipated doubling of AF cases over the next five decades magnifies the 
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clinical implications and places a substantial burden on healthcare systems. Early detection, 
characterization, and risk stratification become imperative for effective clinical management. 

Lifestyle modifications emerge as pivotal influencers in AF management, challenging traditional 
dogmas and encouraging a nuanced understanding of AF pathogenesis. Weight management, 
physical activity, dietary choices, and risk factor reduction are recognized as modifiable determinants 
influencing AF development and progression. The review emphasizes the need for tailored and 
balanced lifestyle interventions, acknowledging the complementary role they play alongside 
pharmaceutical and procedural solutions. The intricate interplay of genetic, inflammatory, and 
lifestyle factors is highlighted as a key focus in contemporary AF research. 

The objective of the review is to synthesize the impact of lifestyle changes on AF management. 
Recognizing lifestyle factors as integral to AF pathogenesis, the review explores the potential benefits 
of virtual education programs, adaptive foraging, and culturally tailored interventions. From weight 
management in type 2 diabetes to aging in place preferences, lifestyle changes offer a diverse range 
of positive impacts on AF management and community stability. The objective is to provide a 
comprehensive understanding of how lifestyle modifications can positively influence diverse aspects 
of AF care. 

The traditional approaches to AF management have primarily revolved around pharmacological 
agents and procedural interventions. While acknowledging their historical significance, the review 
critically assesses the limitations of antiarrhythmic medications and catheter ablation. The potential 
risks of proarrhythmia, side effects, and variable efficacy necessitate a deeper understanding of AF 
etiology. The importance of individualized ablation strategies and the potential impact on heart 
failure with preserved ejection fraction (HFpEF) underscore the complexities in selecting appropriate 
interventions for a heterogeneous population. 

A holistic understanding of AF etiology demands consideration of factors beyond 
electrophysiology. Genetic predisposition, inflammatory processes, and lifestyle factors intricately 
shape the trajectory of AF. Familial forms of AF, mutations in potassium and sodium channel genes, 
and the intricate web of inflammatory pathways reveal the multifaceted nature of AF pathogenesis. 
The complex interplay between inflammation and AF creates a feedback loop, emphasizing the need 
for interventions that break this cycle. 

Lifestyle factors, including dietary habits, physical activity levels, cardiovascular health, and 
BMI, are recognized as modifiable determinants influencing AF development and progression. The 
review emphasizes the importance of considering lifestyle factors in the prevention and management 
of AF. Dietary influences, the complex relationship between specific dietary patterns and AF, and the 
impact of physical activity underscore the need for a nuanced and individualized approach to 
lifestyle modifications. 

A comprehensive approach to risk factor modification involves addressing multiple factors 
simultaneously. Inflammation and adipose tissue dysfunction, metabolic factors like insulin 
resistance and dyslipidemia, hemodynamic effects, and systemic considerations are interconnected 
contributors to AF development. Weight loss is identified as a central element in reducing systemic 
inflammation, fibrotic changes, and the hemodynamic burden on the heart. The review discusses the 
intricate pathophysiological mechanisms through which weight loss positively influences biomarkers 
related to AF pathways. 

While acknowledging challenges in implementing lifestyle modifications on a broader scale, the 
review discusses potential solutions. Technology-supported interventions, lifestyle risk scores like 
HARMS2-AF and FIND-AF, and the importance of personalized risk factor treatment programs offer 
promising avenues. Despite incomplete correction of modifiable risk factors and the lack of robust 
evidence from randomized controlled trials. 

Limitations: 

1. **Heterogeneity in Study Designs:** The included studies in this review exhibit heterogeneity 
in terms of study designs, populations, and methodologies. Variability in the duration and intensity 
of lifestyle interventions, as well as differences in patient demographics, may contribute to challenges 
in directly comparing and generalizing findings. 
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2. **Publication Bias:** The possibility of publication bias exists, as studies reporting positive 
outcomes may be more likely to be published. This bias could lead to an overestimation of the positive 
effects of lifestyle modifications on atrial fibrillation (AF) management. 

3. **Short-Term Follow-up Periods:** Some studies may have relatively short follow-up periods, 
limiting the ability to assess the long-term sustainability and efficacy of lifestyle interventions in 
preventing or managing AF. Longitudinal studies with extended follow-up durations are crucial to 
understanding the durability of lifestyle effects. 

4. **Limited Randomized Controlled Trials (RCTs):** The review may be constrained by the 
availability of RCTs specifically designed to investigate lifestyle modifications in AF. RCTs are 
considered the gold standard, but their scarcity in this context may hinder robust conclusions. 

5. **Diversity in AF Populations:** The generalization of findings to diverse populations may be 
challenging, given variations in genetic predispositions, lifestyle patterns, and comorbidities across 
different regions and ethnicities. Future research should aim for a more comprehensive 
representation of global AF populations. 

6. **Self-Reported Lifestyle Data:** Some studies may rely on self-reported data for lifestyle 
factors, introducing the potential for recall bias and inaccuracies. Objective measures and 
standardized assessments could enhance the reliability of lifestyle information. 

7. **Lack of Consistency in Biomarker Assessment:** Variability in the assessment and 
interpretation of biomarkers associated with AF, such as inflammatory markers or adipokines, may 
impede the synthesis of conclusive evidence. Standardization in biomarker evaluation protocols is 
essential for consistency. 

Suggestions for Future Research: 

1. **Longitudinal RCTs with Diverse Populations:** Future research should prioritize well-
designed, longitudinal RCTs that encompass diverse populations to enhance the generalizability of 
findings. These trials should consider variations in genetic backgrounds, socio-economic factors, and 
lifestyle patterns. 

2. **Standardized Outcome Measures:** Establishing standardized outcome measures for 
lifestyle interventions in AF research is crucial. Consistent assessment protocols for biomarkers, 
arrhythmia recurrence, and patient-reported outcomes will facilitate more reliable comparisons 
across studies. 

3. **Incorporate Advanced Technologies:** Integrating advanced technologies, such as wearable 
devices and mobile health applications, can provide real-time data on lifestyle factors and AF 
outcomes. This approach enhances data accuracy and allows for continuous monitoring, offering a 
more comprehensive understanding of the interventionʹs impact. 

4. **Collaborative Multicenter Studies:** Large-scale, collaborative multicenter studies can 
address the limitations associated with individual studies. Pooling resources and data from multiple 
centers increase statistical power, allowing for a more robust analysis of lifestyle interventionsʹ 
effectiveness. 

5. **Focus on Mechanistic Insights:** Future research should delve deeper into the mechanistic 
aspects underlying the impact of lifestyle modifications on AF. Investigating the molecular and 
cellular pathways involved will contribute to a more nuanced understanding of how lifestyle 
influences the pathophysiology of AF. 

6. **Inclusion of Patient-Centered Outcomes:** Emphasizing patient-centered outcomes, such as 
quality of life, symptom burden, and psychological well-being, in addition to traditional clinical 
endpoints, can provide a more comprehensive evaluation of the holistic benefits of lifestyle 
modifications for individuals with AF. 

7. **Evaluate Cost-Effectiveness:** Assessing the cost-effectiveness of lifestyle interventions 
compared to traditional pharmacological or procedural approaches is essential for informing 
healthcare policies. Understanding the economic implications will contribute to the integration of 
lifestyle modifications into routine AF management strategies. 
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