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Abstract

:

The management of atrial fibrillation has evolved significantly over the last ten years with advancements in medical and catheter ablation approaches, but these have limited success when used in isolation. Trends in the management of lifestyle modifications have surfaced, as it is now better understood that modifiable risk factors contribute significantly to the development and propagation of atrial fibrillation, as well as failure of treatment. International guidelines have integrated the role of lifestyle modification in the management of atrial fibrillation and specifically in the persistent form of atrial fibrillation; these guidelines must be addressed prior to considering catheter ablation. Effective risk factor modification is critical in increasing the likelihood of an arrhythmia-free survival following catheter ablation.
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1. Introduction


Atrial fibrillation (AF) is the most encountered and sustained cardiac arrythmia, and its incidence is increasing on a global scale. AF is linked to an increase in all-cause mortality, stroke, heart failure, and recurrent hospitalisations [1]. Studies have shown a dramatic increase in the absolute number of incident AF by 72% over the last two decades due to a combination of increase in the number of older persons, comorbidity burdens such as obesity, sleep apnoea, hypertension, diabetes mellitus, etc., and a decline in the age of AF diagnosis, especially in males. It was also shown that in the most socioeconomically deprived individuals, the AF age at diagnosis was lower and there were a greater number of comorbidities. The increased disparity in socioeconomic gradients has a significant impact on the development and propagation of AF burden worldwide. It was also demonstrated that following AF diagnosis, cardiovascular mortality and hospitalisation declined [2,3].



These risk factors result in the structural and electrical remodelling of the left atrium (LA), leading to abnormalities in haemodynamics and electrophysiological properties of the atrial myocardium, resulting in an atrial cardiomyopathy. Once this has developed, it provides a substrate for the propagation and maintenance of AF. In time, paroxysmal AF will progress to the persistent form, and if risk factors are not managed and reversed, then ultimately progress to the permanent form of AF. Therefore, risk factor modification is key in the primary and secondary prevention of AF.



Evidence is gathered, showing that targeting these risk factors has an impact on the reduction in AF burden and the recurrence of atrial arrhythmias after ablation. Many international guidelines, including the European Society of Cardiology and the American Heart Association, strongly support risk factor modification as a critical component alongside anticoagulation, rate control, and rhythm control strategies in treating AF [4,5].



This review describes the current evidence into the association of different modifiable risk factors and their mechanisms on the progression of AF. It discusses the impact of the early management of these underlying conditions on AF outcomes, in combination with rhythm control strategies, to allow the implementation of a patient-tailored approach to AF management.




2. Early Detection and Treatment of Risk Factors


AF is thought to be a progressive disease with its standard trajectory developing from a paroxysmal self-terminating form with progression to persistent, and then long-standing persistent, and finally permanent AF [6,7]. Some patients already have persistent AF at the time of their first diagnosis. Data from registries show that patients with the persistent form of AF had a higher likelihood of being hospitalised due to cardiovascular causes and were noted to have a higher incidence of strokes, but they were also older and had a higher number of underlying co-morbidities, such as coronary artery disease, hypertension, and heart failure [7,8].



Many risk factors have been identified in the association of AF, such as hypertension, obesity, physical inactivity, excess alcohol consumption, and sleep apnoea [9,10,11,12,13,14]. There are also non-modifiable risk factors such as sex, ethnicity, genetic predisposition, and advancing age.



The underlying mechanisms for these risk factors driving AF have been explored in both animal and human studies. Ageing and hypertension were shown to result in remodelling of the LA, bi-atrial enlargement, increased atrial interstitial fibrosis, and a lower atrial effective refractory period (ERP) in mature, spontaneously hypertensive rats when compared to their normotensive counterparts [15]. Otsuka demonstrated that an increase in LA pressures, increased epicardial fat, and fatty infiltration were associated with an increased vulnerability to AF in the obese canine group, thus demonstrating the role of obesity in the pathogenesis of AF [16]. Studies have also described other mechanisms such as alterations in left atrial voltage, increased left ventricular hypertrophy, increased systemic vascular resistance, prothrombotic changes, and adverse changes in the renin angiotensin-aldosterone system (RAAS) as causative in AF [17,18,19,20,21].



Early detection of these underlying conditions and risk factor modification, ideally before AF clinically manifests, would reverse atrial re-modelling and prevent but also limit AF progression, as well as decrease the incidence of strokes and other cardiovascular adverse events [22,23]. Similarly, optimal control of these risk factors is associated with a reduced risk of AF recurrence post ablation.




3. Hypertension


The most prevalent modifiable risk factor for AF is hypertension, which accounts for 20% of cases [24]. It is linked with the dysregulation of the autonomic nervous system, altered haemodynamics, and activation of the RAAS system. Over time, uncontrolled hypertension results in inflammation and fibrosis, and ultimately the remodelling of the arteries, left ventricle, and the left atrium.



Chronic hypertension is strongly associated with the onset of AF, as well as its progression to persistent forms, and is an independent predictor of the recurrence of AF post ablation [7,25,26].



The Systolic Blood Pressure Intervention Trial (SPRINT) in 2014 was a randomised control trial of 9361 patients that compared two strategies for treating systolic BP. One strategy targeted the standard target of <140 mmHg and the other targeted <120 mmHg. The post hoc analysis of 8022 patients aged over 50 years without diabetes mellitus, heart failure, or previous stroke demonstrated that intensive BP control with a target of <120 mmHg was associated with a 26% lower risk of developing AF when compared to a target of <140 mmHg [27,28]; these findings were further validated by a meta-analysis [29].



Table 1 highlights relevant studies on the impact of hypertension and AF ablation outcomes. In a recent study across 55 centres in the German Ablation Registry consisting of 626 patients, the findings showed that the rate of AF recurrence, freedom of anti-arrhythmic drugs (AADs), and likelihood of repeat ablation were no different between patients who were diagnosed with hypertension versus those they were not diagnosed at the time of the ablation. However, they did note a higher incidence of angina and hospital admissions in those with hypertension [30]. Santoro further evaluated the impact of hypertension with AF ablation by recruiting 531 consecutive patients undergoing AF ablation. The study cohort included (1) patients with uncontrolled hypertension despite medical treatment n = 160), (2) patients with controlled hypertension (n = 192), and (3) patients without hypertension (n = 179). They concluded that hypertension itself was not correlated with an increased recurrence rate of AF following AF ablation, but patients in group 1—uncontrolled hypertension despite medical therapy pre-procedure—did lead to higher recurrence of AF (p = 0.045) [26].



The intensive management of isolated mild hypertension has not yielded a reduction in the recurrence of AF post ablation. The Substrate Modification with Aggressive Blood Pressure Control (SMAC-AF) trial was a randomised, open-label clinical trial which targeted blood pressures of <120 mmHg versus <140 mmHg in 184 patients undergoing AF ablation. They concluded there was no significant difference in AF recurrence or symptoms at 14 months’ median follow up [31].



The pathophysiological association between an increased sympathetic tone, AF, and hypertension has been seen in earlier studies. It had not been analysed in combination with pulmonary vein isolation (PVI) AF ablation. This led to the randomised study, ERADICATE-AF, which investigated the efficacy of renal denervation combined with PVI versus PVI alone in 302 paroxysmal AF patients with hypertension undergoing catheter ablation. They showed that freedom from AF, atrial flutter, or tachycardia at 12 months was significantly improved in the renal artery denervation group (72% versus 56%) without any increase in complications (p = 0.006). It is important to note that there was a lack of a formal sham-control renal denervation procedure in the control group [32].



It was established that renal denervation in addition to PVI reduced AF recurrence rates in hypertensive patients. In a recent study, Heradien et al. went on to explore whether renal denervation, without PVI, could prevent subclinical AF in patients with hypertensive heart disease. They undertook a randomised sham-controlled trial in 80 patients with uncontrolled hypertension taking 3 antihypertensive. The primary endpoint was the first subclinical AF episode, lasting >6 min and verified with an implantable cardiac monitor. They showed that the renal denervation group had a significantly lower incidence of subclinical AF compared to the control (19% versus 39.5%, p = 0.031). AF with vast ventricular response (>100 beats per min) also occurred significantly less frequently in the renal denervation group (2% versus 26%, p = 0.002) [33].



Recently, the Routine versus Aggressive risk factor driven upstream rhythm Control for prevention of Early atrial fibrillation in heart failure (RACE 3) study showed that targeted therapy of underlying conditions in patients with early persistent AF and mild to moderate heart failure (HF) was associated with a reduction in blood pressure, body mass index, lipid levels, and lowering of N-terminal pro-brain natriuretic peptide, indicating improvement of HF. On top of those beneficial effects on underlying conditions, this strategy improved the maintenance of sinus rhythm at the 1-year follow up [34].




4. Obesity


It has long been consistently established that an increased body mass index (BMI) is associated with an increased risk of AF in multiple cohort and case control studies as demonstrated in Table 2. The ARIC (Atherosclerosis Risk in Communities) study demonstrated that overweight and obesity (BMI > 25 kg/m2) accounted for 18% of incident AF, and obesity was the second strongest risk factor for the development of AF [35]. The Framingham Heart Study showed a 4% rise in AF risk for each unit increase in BMI [36].



Obesity is also an independent risk factor for recurrence in patients undergoing AF ablation, in particular at BMI > 30 kg/m2 where the risk of AF recurrence is at its highest [37], and therefore a focus should be on lifestyle modification to target obesity prior to undertaking an AF ablation.



In the landmark LEGACY (Long-Term Effect of Goal-Directed Weight Management in an Atrial Fibrillation Cohort: A Long-Term Follow-up Study) trial, Pathak established the significant impact of obesity and weight reduction and fluctuation on rhythm control. They recruited 1415 patients with persistent and paroxysmal forms of atrial fibrillation and a BMI of >27 kg/m2. The participants were offered a structured weight management programme including an exercise programme and regular meal plans. The final cohort consisted of 355 participants, and the weight loss was categorised into three groups: Group (1) ≥ 10% weight loss, Group (2) weight loss 3 to 9%, Group (3) < 3% weight loss. They demonstrated that AF burden was significantly reduced, and maintenance of sinus rhythm was higher in the groups with sustained weight loss (p < 0.001). This was particularly marked in the ≥10% weight loss group, where the participants had a six-fold higher likelihood of arrhythmia-free survival compared to the other two groups (p < 0.001) [38].



Data from a study of 701 patients with AF undergoing AF ablation with PVI showed that an increasing BMI had a positive correlation with obstructive sleep apnoea, hypertension, CHA2DS2-VASC score, and the occurrence of persistent AF (p ≤ 0.001). Radiofrequency ablation time also increased with BMI (p ≤ 0.001). Arrhythmia recurrence at 1 year was significantly higher with rising BMI categories, up to 57% in obese patients and 58% in morbidly obese patients (p = 0.007). Interestingly, the impact of an increasing BMI was not seen in the persistent AF population [39]. These results were further confirmed by a meta-analysis which found that every 5-unit increase in the BMI is associated with a 10% increase in post operative AF, but also 13% in AF recurrence post ablation [9]. The PREVEND study also echoed the finding that for every 5-unit increase in BMI, there was an increased rate of incident AF.



The SORT-AF (Supervised Obesity Reduction Trial) study was the first randomised multi-centre trial to evaluate the effect of a structured weight reduction programme on AF recurrence in obese patients undergoing AF ablation. They recruited patients with both paroxysmal and persistent AF, and all patients underwent a sleep apnoea screening and an implantable loop recorder insertion. Overall, the intervention cohort achieved a BMI decrease from a mean of 34.9 to 33.4 kg/m2 (average 4.6 kg weight loss), whereas the control group achieved a decrease in BMI from 34.8 to 34.5 kg/m2 (average 2 kg weight loss). Overall, AF burden decreased significantly (p = 0.001); however, there was no significant difference in AF recurrence reduction between the two groups. Further analyses did however show a significant association between BMI reduction and decreased AF recurrence for the persistent AF population [40].



These findings were not replicated in a further observational study of weight loss in 90 patients with long-standing persistent AF [41]. The lesion set involved pulmonary vein antral isolation, posterior wall isolation, and non-pulmonary vein trigger ablation. The weight loss programme included dietician-guided calorie restriction and a supported exercise programme. There was no improvement in AF recurrence or symptom severity at 12 months following a single AF ablation procedure. AF recurrence was monitored by Holter, an event recorder, and ECGs in both groups. There are multiple reasons why there may have been a failure of weight loss impact on AF burden in this population. Firstly, there is a reduced sensitivity of AF detection with intermittent cardiac monitoring, and an implantable loop recorder may have yielded a more accurate detection of AF burden. Secondly, this patient population has resistant AF due to the long-standing persistent nature with extra-pulmonary substrates requiring multiple ablation procedures.



The Swedish obese subject study was conducted in Sweden in patients with new-onset AF, and they concluded that bariatric surgery demonstrated a consistent and sustained weight loss (18% weight loss after 20 years follow up), and the risk of AF was reduced by 29% in the bariatric surgery group after 19 years follow up [42].





 





Table 2. Selected studies on impact of risk factor modification on weight loss and AF ablation outcomes.
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	Study
	Year
	Patient Number
	Median Follow-Up

(Months)
	Study Design
	Intervention
	Results





	ARREST-AF
	2014
	149
	42
	Prospective observational cohort study
	Risk factor management was offered to patients with BMI > 27 kg/m2 and one other cardiac risk factor, after AF ablation. Target of weight loss > 10% or BMI < 27 kg/m2.
	AF frequency, duration, symptoms, and symptom severity was significantly reduced in the risk factor management group (p < 0.001). Arrhythmia-free survival following a single procedure of AADs was also greater in the risk factor management group compared to the control group (p < 0.001) [43].



	Glover et al.
	2016
	3333
	12
	Prospective observational cohort study
	Evaluation of BMI impact on AF recurrence at 12 months following AF ablation
	Patients with BMI ≥ 30 kg/m2 at baseline had a higher recurrence of AF following ablation [37].



	Sivasambu et al.
	2017
	701
	12
	Prospective observational cohort study
	Impact of obesity on patients undergoing PVI AF ablation.
	Arrhythmia recurrence was significantly associated with increasing BMI with 39.9% in the control group with higher rates in all-high BMI groups (overweight, 51.3%; obese, 57%; morbidly obese, 58.1%; p = 0.007). Higher BMI was also associated with increased radiofrequency application time (p ≤ 0.001) and incidence of persistent AF (p ≤ 0.001) [39].



	Mohanty et al.
	2018
	90
	12
	Prospective observational cohort study
	Evaluation of weight loss interventions in patients with long-standing persistent AF versus control group undergoing AF ablation (PVI with posterior wall isolation and non-PV triggers).
	Weight reduction improved quality of life but there was no improvement in symptom severity or long-term ablation outcomes. At 12 months follow up, 63.8% of patients in group 1 were arrhythmia free compared to 59.3% in group 2 off AADs (p = 0.68) [41].



	SORT-AF
	2021
	133
	12
	Randomised control trial
	Obese patients undergoing AF ablation were randomised to a structured weight loss programme or usual care to assess the impact of weight reduction on AF outcomes. All patients underwent OSA screening and ILR implantation.
	The primary endpoint was AF burden between 3 and 12 months after ablation. Although AF burden decreased significantly after ablation, there was no significant difference between groups.

Further subgroup analyses did show a significant correlation between BMI and AF recurrence for the persistent AF population (p = 0.032) [40]








Overall, this highlights the importance of targeted weight loss and lifestyle modification, especially in early onset AF, and this should be part of a comprehensive treatment approach to reduce AF burden but also to reduce the progression to persistent forms of AF.




5. Obstructive Sleep Apnoea and Ablation


Obstructive sleep apnoea (OSA) has become the focus in recent years as a novel risk factor for AF. The prevalence of OSA in patients with AF has been estimated to be as high as 50% [44]. Studies have shown patients with OSA are at a considerably higher risk of developing AF and it is an independent risk factor, particularly to those at the severe spectrum [45].



An observational study of 62 patients with polysomnography-confirmed OSA was undertaken to assess the impact of CPAP therapy on the recurrence rates of AF in those undergoing AF ablation with PVI. The study demonstrated that arrhythmia-free survival was higher in patients at 12 months treated with continuous positive airway pressure (CPAP) than patients that were not receiving CPAP (71.9% versus 36.7%, p = 0.01). These effects were sustained in arrhythmia-free survival off antiarrhythmic drugs (AADs) or in repeat ablation with a reduction in AF recurrence in patients receiving CPAP compared to the control (65.6% versus 33.3%, p = 0.02). The AF recurrence rate in CPAP-treated patients was similar to a group of patients without OSA [46]. This study once again demonstrates the importance of risk factor modification prior to undertaking catheter ablation.



Meta-analyses have predominantly utilised observational studies which have overall shown that CPAP treatment for AF patients with OSA might decrease the AF recurrence risks. A recent meta-analysis of 20 studies incorporating patient data from 54, 271 patients investigated the correlation of OSA and AF. They demonstrated that the incidence of AF was 88% higher in patients with OSA [47]. A subsequent meta-analysis of seven observational studies with a total of 4572 patients with AF after successful AF ablation were analysed. When compared to patients without OSA, the pooled odds ratio of recurrent AF in patients with OSA was 1.70 (95% CI, 1.40–2.06, I2 = 0). In patients with OSA, those who underwent successful catheter ablation, the use of CPAP showed a considerable reduction in risk of recurrence of AF with a pooled odds ratio of 0.28 (0.19–0.40, I2 = 0) [48].



Data from randomised controlled trials are limited, as shown in Table 3. A recent randomised control trial of 108 patients with paroxysmal AF and moderate to severe OSA was performed to assess the impact of CPAP on AF burden. Patients were randomised to receive 5 months of treatment with CPAP and with usual care versus usual care alone. AF burden was measured with an implantable loop recorder. Patients were followed up with for 5 months from treatment initiation. The study failed to show a protective effect for CPAP in the recurrence of AF [49]. This may be attributable to many limitations of the study; there was a short follow-up period of 5 months, a relatively small sample size, and a “lower than anticipated” percentage of time in AF, which reduced the power of the study.



A further randomised control trial (The SAVE study (Sleep Apnea Cardiovascular Endpoints)) did not show a reduction in incident AF with the use of CPAP in patients with moderate to severe OSA, with a background of coronary or cerebrovascular disease and with a primary composite cardiovascular endpoint (including AF). It is important to note that the study was underpowered, and the study design did not examine AF as a primary outcome [50]. A further randomised control trial assessing the impact of CPAP in patients with OSA and paroxysmal AF undergoing PVI ablation determined that, although PVI ablation did reduce the overall burden of AF in both cohorts, there was no statistical significance between groups [51]. This discrepancy in findings between observational studies and newer, randomised control trials may be due to observational studies employing older ablation technologies, which may impact outcomes.



It is key to recognise that OSA and AF share many characteristics—hypertension, obesity, age, diabetes—which are common to both conditions. Screening for OSA is vital when assessing patients with AF, as it should be a particular condition to other predisposing conditions such as obesity and diabetes. The ORBIT-AF study illustrated the beneficial use of CPAP in patients with AF and OSA, indicating reduced rates of progression to permanent AF [52].





 





Table 3. Selected studies on impact of risk factor modification on OSA therapy and AF ablation outcomes.
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	Study
	Year
	Patient Number
	Median Follow Up

(Months)
	Study

Design
	Intervention
	Results





	Fein et al.
	2013
	62
	12
	Prospective observational cohort study
	Evaluation of impact of CPAP therapy on AF recurrence in patients with polysomnography confirmed OSA undergoing AF ablation.
	Patients receiving CPAP therapy had increased likelihood of freedom from AF/AT/AFL occurrence compared to patients that did not receive CPAP (71.9% vs. 36.7%, p = 0.01). The AF recurrence rate in the CPAP treated population was similar to patients without a diagnosis of OSA [46].



	Congrete et al.
	2018
	4.572
	12
	Meta-analysis

(7 observational studies)
	Evaluation of AF recurrence in patients with OSA after AF ablation and the effect of CPAP on recurrence of AF.
	AF recurrence was higher in patients with a diagnosis of OSA than without (pooled OR 1.70 (95% CI, 1.40–2.06)). The use of CPAP in patients with OSA was associated with a reduced risk of AF recurrence after catheter ablation (pooled OR of 0.28 (95% CI, 0.19–0.40)) [48].



	Hunt et al.
	2022
	83
	12
	Randomised control trial
	Impact of CPAP treatment on AF recurrence following PVI ablation in patients with PAF and OSA.
	AF burden decreased in both cohorts but there was no significant different between groups (p = 0.69) [51].









6. Diabetes Mellitus and Ablation Outcomes


Several studies have demonstrated that diabetes mellitus and hyperglycaemia are significant risk factors for the development of AF [53,54]. Many studies have been shown to demonstrate the impact of both a diagnosis od diabetes mellitus and glycaemic control on AF ablation outcomes in Table 4. There have been many mechanisms proposed by which diabetes mellitus can promote AF; patients with AF have increased oxidative stress, glycaemic fluctuations, LV and wall thickness, pulse pressure, and stroke volume, which can lead to left atrial remodelling and atrial fibrosis, leading to increased arrhythmogenicity [54,55].



In a Danish nationwide cohort study, the risk for the development of AF was the highest in diabetic patients aged 18–39 years with an adjusted incidence rate ratio of 2.34 [56]. The ARIC study showed that diabetes and glycaemic control was an independent risk factor for incident AF [57]. At present, there are no guidelines supporting distinct HbA1c targets in patients with AF, more studies are needed to assess the benefit of strict glycaemic control and the recurrence of AF.



In patients undergoing AF ablation, raised hbA1c levels have been associated with an increased risk of AF recurrence [58]. Unsurprisingly, diabetes mellitus is also linked with an increased risk of AF recurrence post AF ablation in the persistent AF population [59]. In an observational study by Creta et al., which incorporated seven high-volume European centres with a total of 2504 patients undergoing AF ablation, the impact of type II diabetes mellitus was analysed. They noted that patients with diabetes mellitus tended to be older, had a higher BMI and had a higher prevalence of persistent AF. There was a higher recurrence of arrythmia 12 months post ablation in the diabetes mellitus cohort (32.0% versus 25.3%, p = 0.031). It is important to distinguish the subtype of AF, as persistent AF tends to be difficult to treat and often multiple AF ablations are required. Following the adjustment for the type of AF (paroxysmal versus persistent) over a median follow up of 17 ± 16 months, the results showed that atrial arrhythmia-free survival was significantly lower in the persistent AF population with diabetes (p = 0.003). These results were further validated in a propensity-matched analysis [60]. Diabetes mellitus was also an independent risk factor for AF recurrence on the multivariate analysis, which mirrors the results from previous studies.



It has been established that diabetes mellitus is an independent risk factor for the development of new-onset AF but also the recurrence of atrial arrhythmias following ablation. Studies have also looked into the effect of glycaemic control in diabetic patients undergoing AF ablation. Anselmino et al. performed a meta-analysis of fifteen studies inclusive of 1464 patients over a mean follow up of 27 months, assessing the efficacy of catheter ablation in patients with AF and diabetes mellitus and predictors of recurrence. Meta-regression analysis demonstrated that a higher body mass index (p < 0.001), higher basal glycated haemoglobin level (p < 0.001), and advanced age (p < 0.001) were associated with an increased incidence of arrhythmia recurrences [61].



A retrospective observational study of 298 patients evaluated the association between pre-AF ablation glycaemic control in diabetic patients over a mean follow-up period of 25.92 ± 20.26 months. They demonstrated that a higher glycated haemoglobin (HbA1c) positively correlated with higher recurrence rates of atrial arrythmias following ablation. Patients with a HbA1c value of >9% at the time of ablation were associated with a higher recurrence of AF (68.75%), as compared to patients with a HbA1c value of <7% who had a much lower risk of recurrence (32.4%, p = 0.0001). On multivariate analysis, the 12-month pre-ablation trend in HbA1c was significantly associated with AF recurrence with 10% improvement in HbA1c associated with only 2% recurrence. In patients with a worsening HbA1c trend 12 months prior to ablation, there was an associated increased risk of AF recurrence as high as 91% [62]. This demonstrates the importance of strict glycaemic control in those undergoing AF ablation.





 





Table 4. Selected studies on impact of risk factor modification in Diabetes Mellitus and AF ablation outcomes.
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	Study
	Year
	Patient Number
	Median Follow-Up

(Months)
	Study Design
	Intervention
	Results





	Anselmino et al.
	2015
	1464 patients
	27 months
	Meta analysis

(15 studies)
	Assess impact of diabetes mellitus on AF outcomes and predictors of AF recurrence
	Higher basal glycated haemoglobin level was associated with a higher incidence of arrhythmia recurrences (p < 0.001) [61].



	Donnellan et al.
	2019
	298
	25.9
	Prospective observational study
	Impact of pre-ablation glycaemic control on AF recurrence rates
	Arrhythmia recurrence was higher in patients with a higher HbA1c level, particularly those with values > 9 (p < 0.0001) [62].



	Wang et al.
	2020
	351
	29.5
	Retrospective analysis
	Comparison of AF outcomes in patients with and without DM
	Arrhythmia recurrence was significantly higher in the group with DM (HR 2.24, 95% CI 1.42–3.55, p = 0.001) [59].



	Creta et al.
	2020
	2504
	17
	Prospective observational study
	Impact of type II diabetes mellitus on AF ablation outcomes and recurrence
	Arrhythmia recurrence was higher 12 months post ablation in patients with DM than without (32.0% versus 25.3%, p = 0.031). Atrial arrhythmia survival was lower in patients with persistent AF and DM (p = 0.003) [60].









7. Alcohol Consumption


The impact of alcohol on the cardiovascular system has been well known and described in the literature, and there have been studies undertaken to evaluate the effect on clinical outcomes following AF ablation as demonstrated in Table 5. Heavy consumption over an extended period is associated with many harmful effects, including dilated cardiomyopathy. Ettinger first described the occurrence of cardiac arrhythmias in healthy people following acute ingestion of a large volume of alcohol known as ‘Holiday Heart syndrome’ in 1978, particularly AF. Since then, four decades have passed and research has shown the deleterious effects of excess alcohol on the cardiovascular system.



The Framingham Heart Study demonstrated that heavy alcohol consumption of >36 g/day was significantly associated with an increased risk of incident AF [63]. These results were further supported by outcomes from a prospective observation study of participants of the Swedish Inpatient Register, which concluded that alcohol consumption even at moderate amounts was a risk factor for the development of AF [64].



Effects of alcohol in patients undergoing AF ablation have shown that arrhythmia-free survival rates 12 months following AF ablation for paroxysmal AF are higher in patients who did not consume alcohol versus patients who did in a Japanese study (41.9% versus 34.1%; mean follow up, 44.4 ± 30.7 months; p = 0.003). Interestingly, there were no significant differences found in the LA size, duration of AF history, and incidence of non-pulmonary vein foci between the two groups (p = non-significant) [65].



Takahashi et al. studied the effects of alcohol abstinence on the reduction in AF burden following AF ablation in a multi-centre observational study of 1720 patients with paroxysmal (55.9%), persistent (31.6%), and long-standing persistent (12.5%) AF. Median baseline consumption was 140 g/week (interquartile range 70–280 g), which was decreased to a median of 70 g (interFquartile range 13–162 g) during the 1 year follow up. The study demonstrated that alcohol reduction of ≥1% from baseline to 1 year follow up was associated with a lower risk of atrial arrhythmia recurrence (HR 0.630, p < 0.001) [66]). The impact of alcohol abstinence on clinical outcomes following AF ablation was more pronounced in patients who consumed large quantities of alcohol before AF ablation.



Due to the limitation of studies regarding alcohol usage in comparison to other risk factors that can be objectively measured, the quantity of alcohol usage is self-reported by the individual and hence the reliance on self-reporting becomes a limiting factor. Barmano et al. assessed the impact of long-term alcohol consumption utilising ethyl glucuronide in hair (hEtG) as a biological marker in patients undergoing radiofrequency AF ablation. They examined potential associations with left atrial size and re-ablation within one year after the initial RFA. The study concluded that there was increased risk of AF recurrence in those who met or exceeded a 7 pg/mg cutoff, consistent with continuing alcohol consumption [67].





 





Table 5. Selected studies on impact of alcohol consumption and AF ablation outcomes.
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	Study
	Year
	Patient Number
	Median Follow-Up

(Months)
	Study

Design
	Intervention
	Results





	Takigawa et al.
	2016
	1361
	44
	Prospective observational cohort study
	Evaluation of impact of alcohol consumption on outcome of catheter ablation for paroxysmal AF.
	The outcome between the two groups was similar (patients who consumed alcohol: 17.7% versus patients who did not consume alcohol 18.7%; p = 0.67). However, the frequency of alcohol consumption was significantly associated with AF recurrence after AF ablation (p = 0.04) [65].



	Takahashi et al.
	2021
	1720
	12
	Prospective observational cohort study
	Impact of alcohol abstinence on reduction in AF burden following AF ablation.
	Alcohol reduction of ≥1% from baseline to 1-year follow up correlated with a lower risk of AF/AT recurrence (HR 0.630 [95% CI, 0.518–0.768], p < 0.001), as compared with alcohol reduction of <1% [66].



	Barmano et al.
	2019
	192
	12
	Prospective observational study
	Impact of alcohol intake using ethyl glucuronide in hair as a marker of long-term consumption, on AF ablation outcomes.
	Male AF patients with hEtG ≥ 7 pg/mg, indicative of repeated alcohol consumption, experienced higher rates of re-ablation compared to patients with hEtG < 7 pg/mg (p = 0.017), although there was no significant different amongst females [67].









8. Implementation Strategies for Clinical Practice


The American College of Cardiology (ACC), American Heart Association (AHA), and Heart Rhythm Society (HRS) recently released the 2023 clinical practice guidelines for the management of AF, in which a new holistic approach to risk factor modification was introduced [68]. The authors recommended that patients are assessed in a structured “HEAD 2 TOES” approach. The HEAD 2 TOES risk factors are Heart failure, Exercise, Arterial hypertension, Diabetes type 2, Tobacco use, Obesity, Ethanol intake, and Sleep quality. Patients should be aided to adopt lifestyle changes to decrease the probability of developing AF, and in patients already diagnosed with AF, to reduce its burden and propagation into persistent and permanent forms of AF [69].



The “ABC pathway” is also an integrated management approach recommended by international guidelines that provides a clear strategy for clinicians; Avoid stroke, Better symptom management, and Cardiovascular and comorbidity risk reduction to deliver a holistic approach in the management of AF [70].



It is important to note that attention is now building on improving patient’s quality of life, not just AF burden; this recommendation focuses particularly on managing symptoms and allows the clinician to implement both rate and rhythm control strategies. Multiple studies have shown the implementation of the ABC pathway has been associated with an improved prognosis [69,70,71,72].



The emergence of digital health technologies allows clinicians and patients to improve overall AF management. Guo et al. demonstrated this by implementing the ABC approach using a mobile health technology-supported system, where cardiac rhythm monitoring was enabled through photoplethysmography (PPG)-smart devices, combined with patient’s self-reported symptoms and integrating information such as laboratory tests and co-morbidities to aide in the shared decision making. They demonstrated that this improved prognosis and reduced the rates of re-hospitalisation [73]. The findings were also substantiated by a further randomised control trial [74].



There are substantial trial data to support a structured and integrated approach to the management of AF where medical and procedural treatment options are combined with risk factor modification.



A comprehensive approach was shown to have the highest prospect of achieving an arrhythmia-free survival in patients post AF ablation, as shown in the ARREST-AF and LEGACY trials. The ARREST-AF study evaluated the effect of aggressive risk factor reduction in AF ablation outcomes. A total of 149 consecutive patients with a BMI ≥ 27 kg/m2 and ≥1 cardiac risk factor were recruited to the study. They were offered risk factor management (RFM) as per American Heart Association guidelines. Overall, 61 patients opted for RFM, and 88 patients declined, and they formed the control group. The patients were assessed 3–6 times monthly by clinical review and 7-day Holter monitoring. Patients in the RFM group underwent exercise stress testing, assessment of lipids, blood pressure, blood glucose levels, and a sleep apnoea assessment with overnight polysomnography, which were intensively managed. They also underwent lifestyle interventions such as dietary salt restriction, alcohol reduction, structured goal-directed weight reduction programme, and smoking cessation.



The study demonstrated a significant reduction In weight, blood pressure, improvements in glycaemic control and lipid profiles. At a mean follow up of 42 months, AF frequency, symptoms, duration, and symptom severity showed a significant reduction in the RFM group compared to the control (p = 0.001). There was a significant increased likelihood of drug-unassisted AF-free survival both after a single procedure and multiple procedures in the RFM group, with 16% requiring ongoing AADs, compared with 42% in the control. Arrhythmia-free survival in the RFM group overall was 87% compared to 17.8% in the control group [43].



Structured weight management programmes can be useful for certain individuals and, if necessary, bariatric surgery for morbidly obese patients, as data have shown results of a reduced AF burden and recurrence post ablation. A referral for overnight polysomnography should be considered if the patient is symptomatic but also if they are at risk with certain BMIs.



Alcohol and smoking reduction/cessation advice should also be given. Regarding physical activity initial targets of a 10% weight loss and a 2 MET increase in fitness can reduce the burden of AF. Over time, a target of BMI ≤ 25 kg/m2 can be aimed for along with 200 min per week of moderate-intensity activity. The use of smart watches, phone, and wearable devices has made these goals easier to objectively measure and achieve.




9. Risk Factor Modification Clinics


Multiple studies have consistently demonstrated the benefit of addressing the risk factors and therefore, the underlying substrate propagating the development and progression of AF as discussed above. Specialised AF clinics that focus on protocol-driven and guideline-directed treatment have proven to achieve a reduction in mortality and morbidity not only from AF, but overall cardiovascular disease [75]. Integrated multi-disciplinary clinics have also shown to increase patient compliance and improve clinical outcomes.



Vanharen et al. recently demonstrated the impact of nurse-led clinics, through a randomised control trial of 65 patients following ablation on AF recurrence, patient knowledge, lifestyle, and patient satisfaction. The patients were randomised to either standard care or standard care with additional nurse-led clinic intervention (an educational session, three consultations spread over 6 months, and telephone accessibility). The study demonstrated that at 6 months, AF recurrence was significantly lower in the intervention group (13.5 vs. 39.4%, p = 0.014). The intervention group also demonstrated increased patient satisfaction, physical activity, and a reduction in alcohol intake [76]. This demonstrates the importance of dedicated clinics in the diagnosis and management of modifiable risk factors to reduce AF burden, improve patient education, and reduce recurrence rates.




10. Discussion


Many modifiable risk factors significantly contribute to the development of AF both directly, and through the interlinking of metabolic conditions, such as diabetes and obesity. The importance of the recognition of these risk factors is critical in early lifestyle modification as a primary prevention of AF and the reduction in AF burden post ablation. The timely management of these conditions can significantly improve quality of life and AF burden.



An integrated, multi-disciplinary approach is needed to modify obesity, hypertension, OSA, alcohol use, diabetes mellitus, and tobacco use, this is also cost-effective long term.



The increasing global health burden of many of these conditions—obesity, diabetes etc—will result in an ongoing increase in AF burden worldwide, hence the urgent need for risk factor management clinics to manage the increasing burden of AF and reduce progression of AF to persistent and long-standing persistent subtypes of AF.







Author Contributions


Writing—original draft preparation, review, and editing, S.H., N.S., S.A. and N.P. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


The data from this manuscript are derived from publicly available published clinical trial and study results.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Schnabel, R.B.; Yin, X.; Gona, P.; Larson, M.G.; Beiser, A.S.; McManus, D.D.; Newton-Cheh, C.; Lubitz, S.A.; Magnani, J.W.; Ellinor, P.T.; et al. 50 year trends in atrial fibrillation prevalence, incidence, risk factors, and mortality in the Framingham Heart Study: A cohort study. Lancet 2015, 386, 154–162. [Google Scholar] [CrossRef] [PubMed]

	



Wu, J.; Nadarajah, R.; Nakao, Y.M.; Nakao, K.; Wilkinson, C.; Cowan, J.C.; Camm, A.J.; Gale, C.P. Temporal trends of cause-specific mortality after diagnosis of atrial fibrillation. Eur. Heart J. 2023, 44, 4422–4431. [Google Scholar] [CrossRef] [PubMed]

	



Wu, J.; Nadarajah, R.; Nakao, Y.M.; Nakao, K.; Wilkinson, C.; Mamas, M.A.; Camm, A.J.; Gale, C.P. Temporal trends and patterns in atrial fibrillation incidence: A population-based study of 3·4 million individuals. Lancet Reg. Health Eur. 2022, 17, 100386. [Google Scholar] [CrossRef]

	



January, C.T.; Wann, L.S.; Calkins, H.; Chen, L.Y.; Cigarroa, J.E.; Cleveland, J.C., Jr.; Ellinor, P.T.; Ezekowitz, M.D.; Field, M.E.; Furie, K.L.; et al. 2019 AHA/ACC/HRS Focused Update of the 2014 AHA/ACC/HRS Guideline for the Management of Patients with Atrial Fibrillation: A Report of the American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines and the Heart Rhythm Society. J. Am. Coll. Cardiol. 2019, 74, 104–132. [Google Scholar] [CrossRef]

	



Hindricks, G.; Potpara, T.; Dagres, N.; Arbelo, E.; Bax, J.J.; Blomström-Lundqvist, C.; Boriani, G.; Castella, M.; Dan, G.-A.; Dilaveris, P.E.; et al. 2020 ESC Guidelines for the diagnosis and management of atrial fibrillation developed in collaboration with the European Association for Cardio-Thoracic Surgery (EACTS): The Task Force for the diagnosis and management of atrial fibrillation of the European Society of Cardiology (ESC) Developed with the special contribution of the European Heart Rhythm Association (EHRA) of the ESC. Eur. Heart J. 2021, 42, 373–498. [Google Scholar] [CrossRef] [PubMed]

	



Kerr, C.R.; Humphries, K.H.; Talajic, M.; Klein, G.J.; Connolly, S.J.; Green, M.; Boone, J.; Sheldon, R.; Dorian, P.; Newman, D. Progression to chronic atrial fibrillation after the initial diagnosis of paroxysmal atrial fibrillation: Results from the Canadian Registry of Atrial Fibrillation. Am. Heart J. 2005, 149, 489–496. [Google Scholar] [CrossRef]

	



de Vos, C.B.; Pisters, R.; Nieuwlaat, R.; Prins, M.H.; Tieleman, R.G.; Coelen, R.J.; van den Heijkant, A.C.; Allessie, M.A.; Crijns, H.J. Progression from paroxysmal to persistent atrial fibrillation clinical correlates and prognosis. J. Am. Coll. Cardiol. 2010, 55, 725–731. [Google Scholar] [CrossRef]

	



De Vos, C.B.; Breithardt, G.; Camm, A.J.; Dorian, P.; Kowey, P.R.; Le Heuzey, J.Y.; Naditch-Brûlé, L.; Prystowsky, E.N.; Schwartz, P.J.; Torp-Pedersen, C.; et al. Progression of atrial fibrillation in the REgistry on Cardiac rhythm disORDers assessing the control of Atrial Fibrillation cohort: Clinical correlates and the effect of rhythm-control therapy. Am. Heart J. 2012, 163, 887–893. [Google Scholar] [CrossRef]

	



Wong, C.X.; Sullivan, T.; Sun, M.T.; Mahajan, R.; Pathak, R.K.; Middeldorp, M.; Twomey, D.; Ganesan, A.N.; Rangnekar, G.; Roberts-Thomson, K.C.; et al. Obesity and the Risk of Incident, Post-Operative, and Post-Ablation Atrial Fibrillation: A Meta-Analysis of 626,603 Individuals in 51 Studies. JACC Clin. Electrophysiol. 2015, 1, 139–152. [Google Scholar] [CrossRef]

	



Mozaffarian, D.; Furberg, C.D.; Psaty, B.M.; Siscovick, D. Physical activity and incidence of atrial fibrillation in older adults: The cardiovascular health study. Circulation 2008, 118, 800–807. [Google Scholar] [CrossRef]

	



Youssef, I.; Kamran, H.; Yacoub, M.; Patel, N.; Goulbourne, C.; Kumar, S.; Kane, J.; Hoffner, H.; Salifu, M.; McFarlane, S.I. Obstructive Sleep Apnea as a Risk Factor for Atrial Fibrillation: A Meta-Analysis. J. Sleep Disord. Ther. 2018, 7, 282. [Google Scholar] [CrossRef]

	



Aune, D.; Feng, T.; Schlesinger, S.; Janszky, I.; Norat, T.; Riboli, E. Diabetes mellitus, blood glucose and the risk of atrial fibrillation: A systematic review and meta-analysis of cohort studies. J. Diabetes Complicat. 2018, 32, 501–511. [Google Scholar] [CrossRef]

	



Aubin, H.J.; Bouajila, N.; Thomas, D.; Naassila, M. Alcohol and atrial fibrillation. Rev. Med. Liege 2022, 77, 565–570. [Google Scholar] [PubMed]

	



Voskoboinik, A.; Prabhu, S.; Ling, L.H.; Kalman, J.M.; Kistler, P.M. Alcohol and Atrial Fibrillation: A Sobering Review. J. Am. Coll. Cardiol. 2016, 68, 2567–2576. [Google Scholar] [CrossRef] [PubMed]

	



Lau, D.H.; Shipp, N.J.; Kelly, D.J.; Thanigaimani, S.; Neo, M.; Kuklik, P.; Lim, H.S.; Zhang, Y.; Drury, K.; Wong, C.X.; et al. Atrial arrhythmia in ageing spontaneously hypertensive rats: Unraveling the substrate in hypertension and ageing. PLoS ONE 2013, 8, e72416. [Google Scholar] [CrossRef]

	



Otsuka, N.; Okumura, Y.; Arai, M.; Kurokawa, S.; Nagashima, K.; Watanabe, R.; Wakamatsu, Y.; Yagyu, S.; Ohkubo, K.; Nakai, T.; et al. Effect of obesity and epicardial fat/fatty infiltration on electrical and structural remodeling associated with atrial fibrillation in a novel canine model of obesity and atrial fibrillation: A comparative study. J. Cardiovasc. Electrophysiol. 2021, 32, 889–899. [Google Scholar] [CrossRef] [PubMed]

	



Mahajan, R.; Lau, D.H.; Brooks, A.G.; Shipp, N.J.; Manavis, J.; Wood, J.P.; Finnie, J.W.; Samuel, C.S.; Royce, S.G.; Twomey, D.J.; et al. Electrophysiological, Electroanatomical, and Structural Remodeling of the Atria as Consequences of Sustained Obesity. J. Am. Coll. Cardiol. 2015, 66, 1–11. [Google Scholar] [CrossRef] [PubMed]

	



Lau, D.H.; Mackenzie, L.; Kelly, D.J.; Psaltis, P.J.; Worthington, M.; Rajendram, A.; Kelly, D.R.; Nelson, A.J.; Zhang, Y.; Kuklik, P.; et al. Short-term hypertension is associated with the development of atrial fibrillation substrate: A study in an ovine hypertensive model. Heart Rhythm 2010, 7, 396–404. [Google Scholar] [CrossRef]

	



Marcus, G.M.; Dukes, J.W.; Vittinghoff, E.; Nah, G.; Badhwar, N.; Moss, J.D.; Lee, R.J.; Lee, B.K.; Tseng, Z.H.; Walters, T.E.; et al. A Randomized, Double-Blind, Placebo-Controlled Trial of Intravenous Alcohol to Assess Changes in Atrial Electrophysiology. JACC Clin. Electrophysiol. 2021, 7, 662–670. [Google Scholar] [CrossRef]

	



Voskoboinik, A.; Wong, G.; Lee, G.; Nalliah, C.; Hawson, J.; Prabhu, S.; Sugumar, H.; Ling, L.H.; McLellan, A.; Morton, J.; et al. Moderate alcohol consumption is associated with atrial electrical and structural changes: Insights from high-density left atrial electroanatomic mapping. Heart Rhythm 2019, 16, 251–259. [Google Scholar] [CrossRef]

	



Iwasaki, Y.K.; Kato, T.; Xiong, F.; Shi, Y.F.; Naud, P.; Maguy, A.; Mizuno, K.; Tardif, J.C.; Comtois, P.; Nattel, S. Atrial fibrillation promotion with long-term repetitive obstructive sleep apnea in a rat model. J. Am. Coll. Cardiol. 2014, 64, 2013–2023. [Google Scholar] [CrossRef]

	



Cosio, F.G.; Aliot, E.; Botto, G.L.; Heidbüchel, H.; Geller, C.J.; Kirchhof, P.; De Haro, J.C.; Frank, R.; Villacastin, J.P.; Vijgen, J.; et al. Delayed rhythm control of atrial fibrillation may be a cause of failure to prevent recurrences: Reasons for change to active antiarrhythmic treatment at the time of the first detected episode. Europace 2008, 10, 21–27. [Google Scholar] [CrossRef]

	



Wright, J.T., Jr.; Williamson, J.D.; Whelton, P.K.; Snyder, J.K.; Sink, K.M.; Rocco, M.V.; Reboussin, D.M.; Rahman, M.; Oparil, S.; Lewis, C.E.; et al. A Randomized Trial of Intensive versus Standard Blood-Pressure Control. N. Engl. J. Med. 2015, 373, 2103–2116. [Google Scholar] [CrossRef] [PubMed]

	



Kannel, W.B.; Wolf, P.A.; Benjamin, E.J.; Levy, D. Prevalence, incidence, prognosis, and predisposing conditions for atrial fibrillation: Population-based estimates. Am. J. Cardiol. 1998, 82, 2n–9n. [Google Scholar] [CrossRef]

	



Berruezo, A.; Tamborero, D.; Mont, L.; Benito, B.; Tolosana, J.M.; Sitges, M.; Vidal, B.; Arriagada, G.; Méndez, F.; Matiello, M.; et al. Pre-procedural predictors of atrial fibrillation recurrence after circumferential pulmonary vein ablation. Eur. Heart J. 2007, 28, 836–841. [Google Scholar] [CrossRef] [PubMed]

	



Santoro, F.; Di Biase, L.; Trivedi, C.; Burkhardt, J.D.; Paoletti Perini, A.; Sanchez, J.; Horton, R.; Mohanty, P.; Mohanty, S.; Bai, R.; et al. Impact of Uncontrolled Hypertension on Atrial Fibrillation Ablation Outcome. JACC Clin. Electrophysiol. 2015, 1, 164–173. [Google Scholar] [CrossRef] [PubMed]

	



Ambrosius, W.T.; Sink, K.M.; Foy, C.G.; Berlowitz, D.R.; Cheung, A.K.; Cushman, W.C.; Fine, L.J.; Goff, D.C., Jr.; Johnson, K.C.; Killeen, A.A.; et al. The design and rationale of a multicenter clinical trial comparing two strategies for control of systolic blood pressure: The Systolic Blood Pressure Intervention Trial (SPRINT). Clin. Trials 2014, 11, 532–546. [Google Scholar] [CrossRef] [PubMed]

	



Soliman, E.Z.; Rahman, A.F.; Zhang, Z.M.; Rodriguez, C.J.; Chang, T.I.; Bates, J.T.; Ghazi, L.; Blackshear, J.L.; Chonchol, M.; Fine, L.J.; et al. Effect of Intensive Blood Pressure Lowering on the Risk of Atrial Fibrillation. Hypertension 2020, 75, 1491–1496. [Google Scholar] [CrossRef]

	



Zhang, W.; Wang, J.G. Prevention of Atrial Fibrillation by Intensive Antihypertensive Treatment. Hypertension 2020, 75, 1414–1416. [Google Scholar] [CrossRef]

	



Zylla, M.M.; Hochadel, M.; Andresen, D.; Brachmann, J.; Eckardt, L.; Hoffmann, E.; Kuck, K.H.; Lewalter, T.; Schumacher, B.; Spitzer, S.G.; et al. Ablation of Atrial Fibrillation in Patients with Hypertension-An Analysis from the German Ablation Registry. J. Clin. Med. 2020, 9, 2402. [Google Scholar] [CrossRef]

	



Parkash, R.; Wells, G.A.; Sapp, J.L.; Healey, J.S.; Tardif, J.C.; Greiss, I.; Rivard, L.; Roux, J.F.; Gula, L.; Nault, I.; et al. Effect of Aggressive Blood Pressure Control on the Recurrence of Atrial Fibrillation After Catheter Ablation: A Randomized, Open-Label Clinical Trial (SMAC-AF [Substrate Modification with Aggressive Blood Pressure Control]). Circulation 2017, 135, 1788–1798. [Google Scholar] [CrossRef] [PubMed]

	



Steinberg, J.S.; Shabanov, V.; Ponomarev, D.; Losik, D.; Ivanickiy, E.; Kropotkin, E.; Polyakov, K.; Ptaszynski, P.; Keweloh, B.; Yao, C.J.; et al. Effect of Renal Denervation and Catheter Ablation vs Catheter Ablation Alone on Atrial Fibrillation Recurrence Among Patients with Paroxysmal Atrial Fibrillation and Hypertension: The ERADICATE-AF Randomized Clinical Trial. JAMA 2020, 323, 248–255. [Google Scholar] [CrossRef] [PubMed]

	



Heradien, M.; Mahfoud, F.; Greyling, C.; Lauder, L.; van der Bijl, P.; Hettrick, D.A.; Stilwaney, W.; Sibeko, S.; van Rensburg, R.J.; Peterson, D.; et al. Renal denervation prevents subclinical atrial fibrillation in patients with hypertensive heart disease: Randomized, sham-controlled trial. Heart Rhythm 2022, 19, 1765–1773. [Google Scholar] [CrossRef]

	



Rienstra, M.; Hobbelt, A.H.; Alings, M.; Tijssen, J.G.P.; Smit, M.D.; Brügemann, J.; Geelhoed, B.; Tieleman, R.G.; Hillege, H.L.; Tukkie, R.; et al. Targeted therapy of underlying conditions improves sinus rhythm maintenance in patients with persistent atrial fibrillation: Results of the RACE 3 trial. Eur. Heart J. 2018, 39, 2987–2996. [Google Scholar] [CrossRef]

	



Huxley, R.R.; Lopez, F.L.; Folsom, A.R.; Agarwal, S.K.; Loehr, L.R.; Soliman, E.Z.; Maclehose, R.; Konety, S.; Alonso, A. Absolute and attributable risks of atrial fibrillation in relation to optimal and borderline risk factors: The Atherosclerosis Risk in Communities (ARIC) study. Circulation 2011, 123, 1501–1508. [Google Scholar] [CrossRef]

	



Wilson, P.W.; D’Agostino, R.B.; Sullivan, L.; Parise, H.; Kannel, W.B. Overweight and obesity as determinants of cardiovascular risk: The Framingham experience. Arch. Intern. Med. 2002, 162, 1867–1872. [Google Scholar] [CrossRef] [PubMed]

	



Glover, B.M.; Hong, K.L.; Dagres, N.; Arbelo, E.; Laroche, C.; Riahi, S.; Bertini, M.; Mikhaylov, E.N.; Galvin, J.; Kiliszek, M.; et al. Impact of body mass index on the outcome of catheter ablation of atrial fibrillation. Heart 2019, 105, 244–250. [Google Scholar] [CrossRef]

	



Pathak, R.K.; Middeldorp, M.E.; Meredith, M.; Mehta, A.B.; Mahajan, R.; Wong, C.X.; Twomey, D.; Elliott, A.D.; Kalman, J.M.; Abhayaratna, W.P.; et al. Long-Term Effect of Goal-Directed Weight Management in an Atrial Fibrillation Cohort: A Long-Term Follow-Up Study (LEGACY). J. Am. Coll. Cardiol. 2015, 65, 2159–2169. [Google Scholar] [CrossRef]

	



Sivasambu, B.; Balouch, M.A.; Zghaib, T.; Bajwa, R.J.; Chrispin, J.; Berger, R.D.; Ashikaga, H.; Nazarian, S.; Marine, J.E.; Calkins, H.; et al. Increased rates of atrial fibrillation recurrence following pulmonary vein isolation in overweight and obese patients. J. Cardiovasc. Electrophysiol. 2018, 29, 239–245. [Google Scholar] [CrossRef]

	



Gessler, N.; Willems, S.; Steven, D.; Aberle, J.; Akbulak, R.O.; Gosau, N.; Hoffmann, B.A.; Meyer, C.; Sultan, A.; Tilz, R.; et al. Supervised Obesity Reduction Trial for AF ablation patients: Results from the SORT-AF trial. Europace 2021, 23, 1548–1558. [Google Scholar] [CrossRef]

	



Mohanty, S.; Mohanty, P.; Natale, V.; Trivedi, C.; Gianni, C.; Burkhardt, J.D.; Sanchez, J.E.; Horton, R.; Gallinghouse, G.J.; Hongo, R.; et al. Impact of weight loss on ablation outcome in obese patients with longstanding persistent atrial fibrillation. J. Cardiovasc. Electrophysiol. 2018, 29, 246–253. [Google Scholar] [CrossRef]

	



Jamaly, S.; Carlsson, L.; Peltonen, M.; Jacobson, P.; Sjöström, L.; Karason, K. Bariatric Surgery and the Risk of New-Onset Atrial Fibrillation in Swedish Obese Subjects. J. Am. Coll. Cardiol. 2016, 68, 2497–2504. [Google Scholar] [CrossRef] [PubMed]

	



Pathak, R.K.; Middeldorp, M.E.; Lau, D.H.; Mehta, A.B.; Mahajan, R.; Twomey, D.; Alasady, M.; Hanley, L.; Antic, N.A.; McEvoy, R.D.; et al. Aggressive risk factor reduction study for atrial fibrillation and implications for the outcome of ablation: The ARREST-AF cohort study. J. Am. Coll. Cardiol. 2014, 64, 2222–2231. [Google Scholar] [CrossRef] [PubMed]

	



Gami, A.S.; Pressman, G.; Caples, S.M.; Kanagala, R.; Gard, J.J.; Davison, D.E.; Malouf, J.F.; Ammash, N.M.; Friedman, P.A.; Somers, V.K. Association of atrial fibrillation and obstructive sleep apnea. Circulation 2004, 110, 364–367. [Google Scholar] [CrossRef] [PubMed]

	



Ng, C.Y.; Liu, T.; Shehata, M.; Stevens, S.; Chugh, S.S.; Wang, X. Meta-analysis of obstructive sleep apnea as predictor of atrial fibrillation recurrence after catheter ablation. Am. J. Cardiol. 2011, 108, 47–51. [Google Scholar] [CrossRef]

	



Fein, A.S.; Shvilkin, A.; Shah, D.; Haffajee, C.I.; Das, S.; Kumar, K.; Kramer, D.B.; Zimetbaum, P.J.; Buxton, A.E.; Josephson, M.E.; et al. Treatment of obstructive sleep apnea reduces the risk of atrial fibrillation recurrence after catheter ablation. J. Am. Coll. Cardiol. 2013, 62, 300–305. [Google Scholar] [CrossRef]

	



Moula, A.I.; Parrini, I.; Tetta, C.; Lucà, F.; Parise, G.; Rao, C.M.; Mauro, E.; Parise, O.; Matteucci, F.; Gulizia, M.M.; et al. Obstructive Sleep Apnea and Atrial Fibrillation. J. Clin. Med. 2022, 11, 1242. [Google Scholar] [CrossRef]

	



Congrete, S.; Bintvihok, M.; Thongprayoon, C.; Bathini, T.; Boonpheng, B.; Sharma, K.; Chokesuwattanaskul, R.; Srivali, N.; Tanawuttiwat, T.; Cheungpasitporn, W. Effect of obstructive sleep apnea and its treatment of atrial fibrillation recurrence after radiofrequency catheter ablation: A meta-analysis. J. Evid. Based Med. 2018, 11, 145–151. [Google Scholar] [CrossRef]

	



Traaen, G.M.; Aakerøy, L.; Hunt, T.E.; Øverland, B.; Bendz, C.; Sande, L.; Aakhus, S.; Fagerland, M.W.; Steinshamn, S.; Anfinsen, O.G.; et al. Effect of Continuous Positive Airway Pressure on Arrhythmia in Atrial Fibrillation and Sleep Apnea: A Randomized Controlled Trial. Am. J. Respir. Crit. Care Med. 2021, 204, 573–582. [Google Scholar] [CrossRef]

	



McEvoy, R.D.; Antic, N.A.; Heeley, E.; Luo, Y.; Ou, Q.; Zhang, X.; Mediano, O.; Chen, R.; Drager, L.F.; Liu, Z.; et al. CPAP for Prevention of Cardiovascular Events in Obstructive Sleep Apnea. N. Engl. J. Med. 2016, 375, 919–931. [Google Scholar] [CrossRef]

	



Hunt, T.E.; Traaen, G.M.; Aakerøy, L.; Bendz, C.; Øverland, B.; Akre, H.; Steinshamn, S.; Loennechen, J.P.; Hegbom, F.; Broch, K.; et al. Effect of continuous positive airway pressure therapy on recurrence of atrial fibrillation after pulmonary vein isolation in patients with obstructive sleep apnea: A randomized controlled trial. Heart Rhythm 2022, 19, 1433–1441. [Google Scholar] [CrossRef]

	



Holmqvist, F.; Guan, N.; Zhu, Z.; Kowey, P.R.; Allen, L.A.; Fonarow, G.C.; Hylek, E.M.; Mahaffey, K.W.; Freeman, J.V.; Chang, P.; et al. Impact of obstructive sleep apnea and continuous positive airway pressure therapy on outcomes in patients with atrial fibrillation-Results from the Outcomes Registry for Better Informed Treatment of Atrial Fibrillation (ORBIT-AF). Am. Heart J. 2015, 169, 647–654.e2. [Google Scholar] [CrossRef] [PubMed]

	



Huxley, R.R.; Filion, K.B.; Konety, S.; Alonso, A. Meta-analysis of cohort and case-control studies of type 2 diabetes mellitus and risk of atrial fibrillation. Am. J. Cardiol. 2011, 108, 56–62. [Google Scholar] [CrossRef] [PubMed]

	



Dublin, S.; Glazer, N.L.; Smith, N.L.; Psaty, B.M.; Lumley, T.; Wiggins, K.L.; Page, R.L.; Heckbert, S.R. Diabetes mellitus, glycemic control, and risk of atrial fibrillation. J. Gen. Intern. Med. 2010, 25, 853–858. [Google Scholar] [CrossRef] [PubMed]

	



Devereux, R.B.; Roman, M.J.; Paranicas, M.; O’Grady, M.J.; Lee, E.T.; Welty, T.K.; Fabsitz, R.R.; Robbins, D.; Rhoades, E.R.; Howard, B.V. Impact of diabetes on cardiac structure and function: The strong heart study. Circulation 2000, 101, 2271–2276. [Google Scholar] [CrossRef] [PubMed]

	



Pallisgaard, J.L.; Schjerning, A.M.; Lindhardt, T.B.; Procida, K.; Hansen, M.L.; Torp-Pedersen, C.; Gislason, G.H. Risk of atrial fibrillation in diabetes mellitus: A nationwide cohort study. Eur. J. Prev. Cardiol. 2016, 23, 621–627. [Google Scholar] [CrossRef]

	



Huxley, R.R.; Alonso, A.; Lopez, F.L.; Filion, K.B.; Agarwal, S.K.; Loehr, L.R.; Soliman, E.Z.; Pankow, J.S.; Selvin, E. Type 2 diabetes, glucose homeostasis and incident atrial fibrillation: The Atherosclerosis Risk in Communities study. Heart 2012, 98, 133–138. [Google Scholar] [CrossRef] [PubMed]

	



Patel, M.R.; Conte, M.S.; Cutlip, D.E.; Dib, N.; Geraghty, P.; Gray, W.; Hiatt, W.R.; Ho, M.; Ikeda, K.; Ikeno, F.; et al. Evaluation and treatment of patients with lower extremity peripheral artery disease: Consensus definitions from Peripheral Academic Research Consortium (PARC). J. Am. Coll. Cardiol. 2015, 65, 931–941. [Google Scholar] [CrossRef] [PubMed]

	



Wang, A.; Truong, T.; Black-Maier, E.; Green, C.; Campbell, K.B.; Barnett, A.S.; Febre, J.; Loring, Z.; Al-Khatib, S.M.; Atwater, B.D.; et al. Catheter ablation of atrial fibrillation in patients with diabetes mellitus. Heart Rhythm O2 2020, 1, 180–188. [Google Scholar] [CrossRef]

	



Creta, A.; Providência, R.; Adragão, P.; de Asmundis, C.; Chun, J.; Chierchia, G.; Defaye, P.; Schmidt, B.; Anselme, F.; Finlay, M.; et al. Impact of Type-2 Diabetes Mellitus on the Outcomes of Catheter Ablation of Atrial Fibrillation (European Observational Multicentre Study). Am. J. Cardiol. 2020, 125, 901–906. [Google Scholar] [CrossRef]

	



Anselmino, M.; Matta, M.; D’Ascenzo, F.; Pappone, C.; Santinelli, V.; Bunch, T.J.; Neumann, T.; Schilling, R.J.; Hunter, R.J.; Noelker, G.; et al. Catheter ablation of atrial fibrillation in patients with diabetes mellitus: A systematic review and meta-analysis. Europace 2015, 17, 1518–1525. [Google Scholar] [CrossRef]

	



Donnellan, E.; Aagaard, P.; Kanj, M.; Jaber, W.; Elshazly, M.; Hoosien, M.; Baranowski, B.; Hussein, A.; Saliba, W.; Wazni, O. Association between Pre-Ablation Glycemic Control and Outcomes Among Patients with Diabetes Undergoing Atrial Fibrillation Ablation. JACC Clin. Electrophysiol. 2019, 5, 897–903. [Google Scholar] [CrossRef] [PubMed]

	



Djoussé, L.; Levy, D.; Benjamin, E.J.; Blease, S.J.; Russ, A.; Larson, M.G.; Massaro, J.M.; D’Agostino, R.B.; Wolf, P.A.; Ellison, R.C. Long-term alcohol consumption and the risk of atrial fibrillation in the Framingham Study. Am. J. Cardiol. 2004, 93, 710–713. [Google Scholar] [CrossRef] [PubMed]

	



Larsson, S.C.; Drca, N.; Wolk, A. Alcohol consumption and risk of atrial fibrillation: A prospective study and dose-response meta-analysis. J. Am. Coll. Cardiol. 2014, 64, 281–289. [Google Scholar] [CrossRef] [PubMed]

	



Takigawa, M.; Takahashi, A.; Kuwahara, T.; Takahashi, Y.; Okubo, K.; Nakashima, E.; Watari, Y.; Nakajima, J.; Yamao, K.; Osaka, Y.; et al. Impact of Alcohol Consumption on the Outcome of Catheter Ablation in Patients with Paroxysmal Atrial Fibrillation. J. Am. Heart Assoc. 2016, 5, e004149. [Google Scholar] [CrossRef] [PubMed]

	



Takahashi, Y.; Nitta, J.; Kobori, A.; Sakamoto, Y.; Nagata, Y.; Tanimoto, K.; Matsuo, S.; Yamane, T.; Morita, N.; Satomi, K.; et al. Alcohol Consumption Reduction and Clinical Outcomes of Catheter Ablation for Atrial Fibrillation. Circ. Arrhythm. Electrophysiol. 2021, 14, e009770. [Google Scholar] [CrossRef] [PubMed]

	



Barmano, N.; Charitakis, E.; Kronstrand, R.; Walfridsson, U.; Karlsson, J.E.; Walfridsson, H.; Nystrom, F.H. The association between alcohol consumption, cardiac biomarkers, left atrial size and re-ablation in patients with atrial fibrillation referred for catheter ablation. PLoS ONE 2019, 14, e0215121. [Google Scholar] [CrossRef] [PubMed]

	



Joglar, J.A.; Chung, M.K.; Armbruster, A.L.; Benjamin, E.J.; Chyou, J.Y.; Cronin, E.M.; Deswal, A.; Eckhardt, L.L.; Goldberger, Z.D.; Gopinathannair, R.; et al. 2023 ACC/AHA/ACCP/HRS Guideline for the Diagnosis and Management of Atrial Fibrillation: A Report of the American College of Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines. Circulation 2024, 149, e1–e156. [Google Scholar] [CrossRef] [PubMed]

	



Elliott, A.D.; Middeldorp, M.E.; Van Gelder, I.C.; Albert, C.M.; Sanders, P. Epidemiology and modifiable risk factors for atrial fibrillation. Nat. Rev. Cardiol. 2023, 20, 404–417. [Google Scholar] [CrossRef]

	



Lip, G.Y.H. The ABC pathway: An integrated approach to improve AF management. Nat. Rev. Cardiol. 2017, 14, 627–628. [Google Scholar] [CrossRef]

	



Romiti, G.F.; Proietti, M.; Bonini, N.; Ding, W.Y.; Boriani, G.; Huisman, M.V.; Lip, G.Y.H. Adherence to the Atrial Fibrillation Better Care (ABC) pathway and the risk of major outcomes in patients with atrial fibrillation: A post-hoc analysis from the prospective GLORIA-AF Registry. EClinicalMedicine 2023, 55, 101757. [Google Scholar] [CrossRef]

	



Bucci, T.; Proietti, M.; Shantsila, A.; Romiti, G.F.; Teo, W.S.; Park, H.W.; Shimizu, W.; Tse, H.F.; Lip, G.Y.H.; Chao, T.F. Integrated Care for Atrial Fibrillation Using the ABC Pathway in the Prospective APHRS-AF Registry. JACC Asia 2023, 3, 580–591. [Google Scholar] [CrossRef]

	



Guo, Y.; Lane, D.A.; Wang, L.; Zhang, H.; Wang, H.; Zhang, W.; Wen, J.; Xing, Y.; Wu, F.; Xia, Y.; et al. Mobile Health Technology to Improve Care for Patients with Atrial Fibrillation. J. Am. Coll. Cardiol. 2020, 75, 1523–1534. [Google Scholar] [CrossRef]

	



Romiti, G.F.; Guo, Y.; Corica, B.; Proietti, M.; Zhang, H.; Lip, G.Y.H. Mobile Health-Technology-Integrated Care for Atrial Fibrillation: A Win Ratio Analysis from the mAFA-II Randomized Clinical Trial. Thromb. Haemost. 2023, 123, 1042–1048. [Google Scholar] [CrossRef] [PubMed]

	



Hendriks, J.M.; de Wit, R.; Crijns, H.J.; Vrijhoef, H.J.; Prins, M.H.; Pisters, R.; Pison, L.A.; Blaauw, Y.; Tieleman, R.G. Nurse-led care vs. usual care for patients with atrial fibrillation: Results of a randomized trial of integrated chronic care vs. routine clinical care in ambulatory patients with atrial fibrillation. Eur. Heart J. 2012, 33, 2692–2699. [Google Scholar] [CrossRef] [PubMed]

	



Vanharen, Y.; Abugattas de Torres, J.P.; Adriaenssens, B.; Convens, C.; Schwagten, B.; Tijskens, M.; Wolf, M.; Goossens, E.; Van Bogaert, P.; de Greef, Y. Nurse-led care after ablation of atrial fibrillation: A randomized controlled trial. Eur. J. Prev. Cardiol. 2023, 30, 1599–1607. [Google Scholar] [CrossRef] [PubMed]








 





Table 1. Selected studies on impact of risk factor modification on hypertension and AF ablation outcomes.
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