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Summary

Atrial fibrillation (AF) is the most common sustained cardiac
arrhythmia associated with a two-fold increase in mortality
caused by a higher risk of stroke and heart failure. Currently, AF
is present in ~ 2 % of the general population, and its incidence
and prevalence are increasing. Obesity, hypertension, diabetes
mellitus, obstructive sleep apnea, and alcohol consumption
increase the risk of AF. Each unit of increase in BMI increases the
risk of AF by 3 %, and intensive weight loss is also associated
with reduced AF recurrence. Hypertension increases the risk of
AF by 50 % in men and by 40 % in women, and explains = 20 %
of new AF cases. Patients with obstructive sleep apnea are at
four times higher risk of developing AF than subjects without
sleep apnea. Higher concentrations of pro-inflammatory
cytokines, higher amounts of epicardial adipose tissue, and
a higher degree of ventricular diffuse myocardial fibrosis are
present in AF patients and patients with the aforementioned
metabolic disorders. Several prospective cohort studies and
randomized trials have been initiated to show whether weight
loss and treatment of other risk factors will be associated with
a reduction in AF recurrences.
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Introduction

Atrial fibrillation (AF) is the most common
sustained and clinically relevant cardiac arrhythmia. It is
associated with a two-fold increase in mortality caused by

a higher risk of stroke and heart failure. It is also

associated with increases in hospitalizations and
emergency out-patient visits and worsens the quality of
life. (Thrall et al. 2006, Wang et al. 2003) Currently, the
estimated prevalence of AF is approximately 2 % in
North America and Europe, and several observational
epidemiological studies predict that the prevalence and
incidence will increase. (Heeringa et al. 2006, Lloyd-
Jones et al. 2004, Piccini et al. 2012) Many expect the
prevalence to increase by nearly 2.5-fold over the next
five decades. (Go et al. 2001) This trend can be partly
explained by the aging of the population since the
frequency of AF is known to increase with age.

A number of cardiac and non-cardiac conditions
are associated with the risk of atrial fibrillation. Among
structural cardiac diseases, valvular heart disease
(especially mitral valve disease) and heart failure (HF)
the risk of AF. The main

mechanism is structural and electrical atrial remodeling,

substantially increase
although other factors play a role in HF patients. AF is
also more often in patients with coronary artery disease
without overt heart failure. Apart from cardiac disorders,
there were recognized several genetic variants that can
underlie AF (Fatkin et al. 2017). Furthermore, several
metabolic conditions and ionic disbalances can also lead
to AF development. The risk of AF is higher in patients
with low potassium or magnesium levels (Farah et al.
2020), and AF is also more often in patients with
advanced kidney disease or thyreopathy (Ding et al.
2021). In a large cohort of > 800,000 patients, cancer was
an independent factor for incident AF (Yun ef al. 2021).
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Finally, the most significant risk factor for AF is age. In
the long-term observation of more than 60 thousand
patients, the AF incidence rate increases gradually from
0.9 per 1000 persons-years at age 40-49 years to 17.7 at
ages > 70 years (Morseth ef al. 2021).

A very important risk factor of AF is obesity and
conditions often associated with obesity, such as
type 2 diabetes (T2DM),
obstructive sleep apnea (OSA), and alcohol consumption.

hypertension, mellitus
All these factors further contribute to the increased
incidence of AF (Conen et al. 2009, Gami et al. 2007,
Kodama et al. 2011, Wang et al. 2004). Recently, more
attention has been paid to obesity: its incidence is
increasing, and finally, AF related to obesity is
potentially preventable. Previous studies have shown that
lifestyle changes are effective in preventing diabetes and
other complications associated with obesity. Therefore, in
the present review, we focus on obesity and conditions
often associated with obesity, their risk of AF, possible
pathophysiological mechanisms, and trends for future

treatment interventions in obese patients with AF.
Obesity and atrial fibrillation

Long-term follow-up has shown that each unit of
increase in body mass index (BMI) increases the risk of
AF by 3% (95% CI, 1%-5 %) (Dublin et al. 2006,
Tedrow et al. 2010). The effect of obesity on the
increased risk of AF is undoubtedly multifactorial.
Obesity is associated with left atrial dilatation, chronic
pro-inflammatory status, and other conditions that
increase the risk of AF, such as hypertension, T2DM, and
obstructive sleep apnea. For instance, compared with
adults with normal weight, adults with BMI >40 had
a 7-fold higher risk for T2DM and a 6-fold higher risk for
hypertension (Mokdad et al. 2003). Left atrial dilatation
has been demonstrated in obese subjects by
echocardiography and found to be independent of left
ventricular size or the presence of left ventricular
hypertrophy (Ayer et al. 2008). Obesity, especially
central obesity, is associated with an increased volume of
pericardial fat. There is also a very significant correlation
between BMI and epicardial adipose tissue (EAT)
thickness, as well as between EAT thickness, waist
circumference, and visceral adipose tissue (Rabkin 2014).
Obese

circulating adhesion molecules such as Vascular Cell

patients have increased concentrations of

Adhesion Molecule-1 or intercellular adhesion molecule-

1, and their concentrations correlated with BMI.

Increased adhesion molecules production in visceral fat
may provide a direct link between visceral adiposity and
increased risk of cardiovascular complications (Bosanska
et al. 2010).

and atrial

Epicardial tissue

fibrillation

adipose

Several studies using cardiac imaging (especially
computed tomography) have shown higher amounts of
EAT in AF patients compared to healthy controls.
According to a meta-analysis of studies focusing on EAT
by Gaeta et al. the volume of epicardial fat was higher in
AF patients by 48.0 ml (95 % CI 25.2-70.8) compared to
healthy controls (Gaeta et al. 2017). Furthermore, the
amount of EAT was higher in non-paroxysmal AF
patients by 29.6 ml (95 % CI 12.7-46.5) compared to
paroxysmal patients (Gaeta et al. 2017). Increased
volume of pericardial fat volume has been shown to be
highly associated with the development of paroxysmal
and persistent AF, which was independent of other risk
factors, including left atrial dilatation (Al Chekakie ef al.
2010). The association between the amount of EAT and
the future risk of AF has been described in several
studies. For instance, of the 2,135 participants in the
3" generation cohort of the Framingham Heart Study,
162 participants developed AF during a median of
9.7 years. Based on an age- and sex-adjusted model,
greater pericardial fat was associated with increased risk
of incident AF with a hazard ratio of 1.17 (95 % CI
1.03-1.34) (Lee et al. 2016). Similarly, in a longitudinal
study by Thanassoulis et al. (2010), higher volumes of
pericardial fat were associated with higher risk of
developing AF (odds ratio per standard deviation of
pericardial fat volume = 1.28). A recent meta-analysis
suggested that the association of AF with EAT is stronger
than the association with abdominal or general adiposity
(Wong et al. 2016). Several studies have also identified
EAT as a predictor of AF recurrence after catheter
ablation (Al-Rawahi et al. 2015, Hatem et al. 2016). For
instance, Mirolo et al (2019) measured the EAT
thickness in 206 patients undergoing cryoablation for AF.
They found higher EAT thickness in patients with AF
recurrence than without recurrence (4.9+0.9 mm vs. 4.3 +
0.9 mm), and the EAT thickness predicted the recurrence
of AF also in the multivariate analysis (hazard ratio 1.96,
95%CI 1.2-3.2). Many studies do not distinguish
between pericardial fat and EAT. Pericardial fat is made
up of the combination of EAT plus paracardial adipose
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tissue. Fat that is present on the external surface of the
parietal pericardium is known as paracardial fat or
mediastinal fat. EAT directly surrounds the heart, which
is in direct contact with the coronary vasculature (Talman
et al. 2014). EAT comes from the mesoderm and, in
addition to adipocytes, also contains nerve tissue,
inflammatory, stromal and immune cells, and paracardial
adipose tissue, which comes from primitive thoracic
mesenchyme and under physiological conditions covers
80 % of the heart and makes up 20-50 % of the heart
mass (Corradi et al. 2004, Rosito et al. 2008). Fat stores
directly in contact with the left atrium (i.e., EAT) are
thought to contribute to the development of AF. EAT is
biologically highly active. It produces several cytokines
with proinflammatory effects as well as cytokines that
play a significant role in the metabolism of the
1). Among the cytokines
produced by EAT are cytokines with proliferative effects

extracellular matrix (Fig.

(vascular endothelial growth factor-1, thrombospondin-2,
angiopoietin), growth and remodeling factors (activin A,
(TGF-B1),
metalloproteinases 1-13), adipocytokines (adiponectin,

transforming growth factor-pl matrix
leptin, resistin, visfatin), and inflammatory cytokines.
Among the particularly abundant cytokines in EAT,
activin A and matrix metalloproteinases (MMPs) may

VEGEF-1,

Thrombospondin-2,
angiopoetin

\ L

IL-1B

fibrotic effect of EAT on the atrial
myocardium (Hatem and Sanders 2014). MMPs are key

mediate the

regulators of extracellular matrix homeostasis, including
collagen fibers and components of the basement
membrane. Increased activity of several MMPs has been
shown to contribute to interstitial atrial fibrosis in patients
with AF. (Boixel et al. 2003) Increased amounts of EAT
increase interstitial fibrosis in the atrial myocardium and
contribute to the anisotropy of electrical impulse
Higher

concentrations of proinflammatory cytokines (PICs) such

conduction in the atrial myocardium.
as C-reactive protein (CRP), tumor necrosis factor-a
(TNF-a), interleukin-2, interleukin-6, interleukin-8, and
monocyte chemoattractant protein-1 are also associated
with a higher risk of AF in healthy individuals and also
a higher risk of recurrence of AF after catheter ablation
(Guo et al. 2012). These PICs have been previously
with
pre-existing AF and those with sinus rhythm, as well as

found in higher concentrations in patients
in healthy individuals with subsequently diagnosed AF.
PICs are produced and secreted by EAT in large amounts,
and their production is also increased in patients with
other comorbidities associated with AF, such as the
presence of ischemic cardiomyopathy, obesity, and

diabetes (Hatem and Sanders 2014).

Active A, follistatin,
TGF 1-3, MMP 1-13

IL-8

Adiponectin, leptin,
resistin, visfatin, omentin

Fig. 1. Cytokines produced by epicardial adipose tissue involved in atrial remodeling. VEGF-1: vascular endothelial growth factor-1,
IL-2: interleukin-2, IL-8: interleukin-8, TGF 1-3: transforming growth factor 1-3, MMP -1-13:metalloproteinase 1-13, TGF-:
transforming growth factor-g, TNF-a: tumor necrosis factor-a, IL-1p: interleukin-1B, IL-6: interleukin-6, CRP: C-reactive protein, MCP-1:

monocyte chemoattractant protein-1
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Hypertension as a risk factor of AF

Hypertension is one of the most important
factors that increase the risk of developing AF. Its
presence increases the risk of AF by up to 50 % in men
and 40 % in women (Benjamin ef al. 1994). In the ARIC
Risk in
hypertension was a major contributing factor to the

(Atherosclerosis Communities)  study,
subsequent development of AF and explained for =20 %
of new AF cases (Huxley et al. 2011), and in patients
with known AF, hypertension is present in 60-80 %
(Nabauer et al. 2009).

The pathophysiological consequences of

hypertension result in decreased left ventricular
compliance, diastolic dysfunction, and left ventricular
hypertrophy. Hypertension also increases left ventricular
stiffness, wall tension, filling pressure, provides a reserve
of coronary pressure, activates the sympathetic nervous
system and the renin-angiotensin-aldosterone (RAAS)
system (Tadic et al. 2014). Cardiomyocyte expansion
increases the expression of angiotensin-converting
enzyme and consequently increases the production of
angiotensin Il and aldosterone, which further promotes
cardiac hypertrophy, fibrosis, apoptosis, and myocyte
vasoconstriction (Goette et al. 2000). Aldosterone also
stimulates fibroblasts and promotes fibrosis by acting on
mitogen-activated kinases (Stockand and Meszaros
2003). Another study suggests that angiotensin II
additionally activates various inflammatory cytokines
such as CRP, TNF-a, and interleukin-6 and stimulates the
neutrophil response (Boos et al. 2006). Due to altered
cytokine production, hypertension affects not only the
cardiomyocytes of the ventricles but also the atria.

The direct relationship between blood pressure
and AF observed in epidemiological studies indicated that
non-pharmacological and pharmacological interventions
that slow the progression from prehypertension to
hypertension could slow the development of AF.
Similarly, intensive blood pressure control in patients
with hypertension may also reduce this risk. A meta-
analysis of 18 randomized trials showed that intensive
treatment of hypertension significantly reduced the risk of
stroke by 20 %, myocardial infarction by 15 %, heart
failure by 25 %, and cardiovascular death by 18 % (Davis
et al. 2002). In patients with HF or hypertension,
treatment with angiotensin-converting enzyme (ACE)
inhibitors, Angiotensin II receptor blockers (ARBs), or
statins was very effective and associated with a decreased

incidence of AF. Since all these drugs have positive

effects on cardiac remodeling, an effort was made to use
the potential of ACE inhibitors, ARBs, or statins in
patients without standard indications for this treatment
(e.g., without overt HF or hypertension) to determine if
these agents could modify heart structure and decrease
the incidence of AF beyond the benefit of treating the
underlying heart disease. This strategy was called
upstream AF therapy. However, several randomized
controlled studies failed to demonstrate any effect of
upstream therapies on AF burden or major cardiovascular

outcomes (Savelieva et al. 2011).

Alcohol and atrial fibrillation

Chronic higher alcohol consumption is strongly
associated with increased AF risk even in the absence of
alcoholic cardiomyopathy. However, the relationship
between light alcohol consumption and the risk of AF is less
consistent. A prospective study by Luc Djoussé et al. (2004)
demonstrated a dose-dependent association between long-
term alcohol consumption and the risk of AF. The effect of
alcohol was minimal and insignificant when alcohol
consumption was < 36 g/ day; however, consumption above
this level was associated with an increased risk of AF by up
to 34 %. Alcohol consumption was positively associated
with incident AF in a recent, large, community-based pooled
cohort of 107,845 individuals. The cut-off for statistically
significantly increased risk for AF was observed with
regular alcohol consumption of 2 g/day, and the HR for one
drink (12 g) was 1.16 (1.11-1.22) (Csengeri et al. 2021).
The HRs were similar for women and men, and an
increasing non-linear relationship between alcohol
consumption and incident AF was found. Finally, in the
MORGAM consortium of observational studies with
>60 thousand participants, high alcohol consumption
significantly increased the risk of AF by 13 %—18 % at ages
up to 70 years, but not in participants >70 years (Morseth et
al. 2021).

The intervention focused on a decrease in
alcohol consumption had a positive effect on AF
recurrence. The effect of alcohol abstinence was recently
tested in a randomized controlled trial by Voskoboinik et
al. (2020). From the 140 patients who underwent
randomization, 70 were included in the abstinence group
and 70 in the control group. Patients in the abstinence
group reduced their alcohol intake by 87.5 %, while
patients in the control group reduced their alcohol intake
by 19.5%. AF reoccurred in 53 % of the abstinence

group and 73 % of the control group; the abstinence
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group also had a longer period before recurrence of AF
than the control group (HR 0.55, 95 % CI 0.36-0.84).

Obstructive sleep apnea and AF

Obstructive sleep apnea (OSA) is characterized
by recurrent episodes of airway collapse resulting in
occlusion of airflow during sleep. Approx. 3—7 % of the
adult population is affected by OSA (Stradling and
2004).
suggested that OSA patients are at increased risk of AF.

Davies Several observational studies have
Breathing-related sleep disorders are very prevalent,
although under-diagnosed, conditions that affect between
21 %—74 % of the AF population, with the vast majority
having OSA (Desteghe et al. 2021). The Sleep Heart
Health Study found that the risk of AF among patients
with OSA was 4-times higher (95 % CI 1.03—15.7) than
those without OSA (Mehra et al. 2006).

Similarly, Gami et al. (2007) showed that for
patients with OSA under 65 years, the hazard ratio of
developing AF over the next five years was 3.3 (95 % CI
1.35-8.04). However, the quality of data in these
observational studies was limited, and many of them were
not adjusted for other risk factors associated with both
OSA and AF. Thus, these studies suggest that OSA
predisposes patients to AF, but, for now, it is not clear
whether the relationship is independent of obesity,
hypertension, diabetes, and other common risk factors.
Hypoxemia and hypercapnia have direct adverse effects
on the electrical stability of the heart (Adamantidis et al.
1986, McCord and Borzak 1998) and also activate
chemoreceptors that can lead to vasoconstriction and
1989). In

addition, a marked decrease in intrathoracic pressure

increased blood pressure (Somers et al

associated with inspiration against airway obstruction can
lead to sudden increases in the transmural pressure
gradient (Naughton et al. 1995, Somers et al. 1993,
Tkacova et al. 1998). High transmural pressure gradients
associated with increased afterloads resulting from
vasoconstriction induced by sleep apnea may increase the
size of the left atrium (Bode et al. 2000, Jais et al. 2000).
Among those with AF, OSA is significantly associated
with reduced responses to rhythm control strategies and
the risk of complications associated with AF, especially
stroke (Dalgaard et al. 2020). Some (but not all) non-
randomized studies suggest that the treatment of OSA
with continuous positive airway pressure can help to
reduce AF recurrence and maintain SR (Latina et al
2013). Unfortunately, there is no practical guidance on

testing OSA in the AF population, and many AF patients
with OSA remain undiagnosed and thus, untreated. In
a survey among cardiologists treating AF patients, only
11 % initiated systematic testing using a home sleep test
or respiratory polygraphy (Desteghe et al. 2021).

Type 2 Diabetes mellitus (T2DM) and AF

Type 2 diabetes mellitus and elevated blood
glucose have been associated with an increased risk of
atrial fibrillation in several epidemiological studies.
According to a meta-analysis of 32 cohort studies with
more than 460 thousand diabetics (and >10 million non-
diabetic controls), T2DM increases the risk of AF by
28 % (RR 1.28, 95 % CI 1.22-1.35). Furthermore, the
risk of AF increased in prediabetes by 20 %, and there
was a relatively linear dose-response relationship
between increasing blood glucose and AF. An increase in
blood glucose by 20 mg/dl (=1.1 mmol/l) was associated
with a relative risk of 1.11 (95 % CI 1.04-1.18) higher
risk of AF (Aune et al. 2018). The risk of AF also
increases with the duration of diabetes and poorer
glycemic control (Dublin et al. 2010). There are several
ways how diabetes can increase AF. T2DM is often
associated with other conditions known to increase the
risk of AF, such as age, hypertension, and obesity.
However, higher glucose levels can have a direct negative
effect on atrial electrical remodeling. Diabetic patients
have higher levels of CRP (Putz et al. 2004) and other
markers of subclinical inflammation, which can lead to
the progression of ventricular and atrial myocardial
fibrosis. Diabetes is also associated with dilatation of the
left atrium (Rutter et al. 2003), which could also be
caused by an increase in atrial myocardial fibrosis.
Diabetes also seems to have a direct effect on atrial
electrophysiology parameters: in animal experiments with
diabetic rabbits, diabetes and hyperglycemia prolong
inter-atrial conduction time, increase the atrial effective
refractory period and dispersion, and significantly
increases the inducibility of AF (Liu et al 2012).
Importantly, diabetes is also associated with remodeling
of the cardiac autonomic nervous system, including
parasympathetic denervation and heterogeneous levels of
2009). The
disbalance in the autonomic nervous system is considered
to be an important trigger of AF (Chen et al. 2006).

Finally, patients with diabetes also have a higher risk of

sympathetic denervation (Otake et al

coronary artery disease and congestive heart failure,
which further increases the risk of AF.
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Myocardial atrial fibrosis relative to AF

Cardiac fibrosis is an essential part of the

structural remodeling that accompanies various
cardiovascular diseases and present the common final
pathway of almost all conditions that predispose to AF. In
the pathophysiology of arrhythmias, fibrosis contributes
significantly to the formation of re-entry substrate. Non-
of arrhythmia

progressed significantly in the last few years, and cardiac

invasive assessment substrate  has
MRI scans now clearly characterize and describe scar
tissue and cardiac fibrosis, which has significantly
expanded the role of cardiac MRI (Simonetti ez al. 2001).

Myofibroblasts are the most important cells
involved in the pathophysiology of cardiac fibrosis.
Myofibroblasts are formed by activating their precursor
cells following myocardial injury, pressure overload,
genetic abnormalities, viral infections, or toxic effects.
The aforementioned causes activate myofibroblasts
through mechanical conductors and signaling molecules,
including TGF-B1, endothelin-1, fibroblast growth factor,
and cytokines (e.g., interleukin-1, interleukin-6, and
TNF-0) (Schroer and Merryman 2015). Myofibroblasts
are derived from resident fibroblasts, bone marrow-
derived fibroblasts, epithelial-to-mesenchymal transition,
and endothelial-to-mesenchymal transition (Kong et al.
2014). After activation, myofibroblasts increase the
production of extracellular matrix proteins (Travers et al.
2016), 80 % of which is collagen I. The resulting
myocardial fibrosis (Barison et al. 2015) restricts oxygen
supply and nutrition to cardiomyocytes and causes
electrical and structural changes that predispose the heart
to arrhythmias, heart failure, and ischemia. (Heymans et
al. 2015). All discussed metabolic diseases increase
myocardial fibrosis; however, the extent to which fibrotic
changes observed in obese subjects reflect the presence
and extent of metabolic dysregulation remains unclear.
For instance, in patients with T2DM, an accumulation of
type III collagen in the perimysium and perivascular
areas has been documented (Fischer ef al. 1984, Shimizu
et al. 1993). Normotensive non-diabetic individuals with
abdominal obesity were found to have concentric
hypertrophy associated with diastolic dysfunction and
evidence of increased collagen III turnover (Eschalier et
al. 2014). The practical importance of measuring atrial
fibrosis was demonstrated in the DECAAF study. In the
study, Marrouche ef al. (2014) measured atrial fibrosis in
patients with AF (undergoing their first catheter ablation)
using delayed enhancement MRI. Atrial fibrosis was
categorized as stage 1 (< 10 % of the atrial wall), 2 (> 10

but < 20 %), 3 (= 20 but < 30 %), and 4 (= 30 %). The
amount of atrial tissue fibrosis was independently
associated with the likelihood of recurrent arrhythmia; the
unadjusted overall hazard ratio per 1 % increase in left
atrial fibrosis was 1.06 (95 % CI, 1.03—1.08). While the
recurrence of AF was present in 15.3 % of stage 1
patients by day 325 after ablation, it was 32.6 % in
stage 2, 45.9 % in stage 3, and 69.4 % in stage 4 patients.
The results of this trial might be used to justify extending
ablation strategies from pulmonary vein isolation (PVI)
alone to a substrate-based approach. In the recently
published ALICIA study, PVI plus MRI-guided fibrosis
ablation had results similar to PVI only; however, the
mean atrial fibrosis burden of patients enrolled in this
study was only 12 %, and most patients had fibrosis
inside the pulmonary vein area. (Bisbal et al. 2020) The
concept of an MRI-guided fibrosis ablation is currently
being studied in the DECAAF II trial (Marrouche et al.
2021). An improved understanding of the underlying
mechanisms of atrial structural remodeling is crucial to
improve the results of AF catheter ablations.

Ventricular fibrosis and relation to AF

hallmark of
cardiomyopathy of any origin and represents a potential
and AF. Ventricular
myocardial fibrosis includes replacement fibrosis (i.e.,

Myocardial fibrosis is the

link between heart failure
scar formation due to past ischemia) and interstitial
fibrosis. Using a late gadolinium enhancement (LGE),
MRI provides excellent visualization of replacement
fibrosis. However, interstitial fibrosis is difficult to
distinguish using LGE because it is diffusely and
extensively distributed, causing the myocardial signal
intensity may be almost isointense, making it hard to
differentiate from normal tissue. Fortunately, recent
innovations in MRI permit quantitative measurement of
interstitial fibrosis using T1 mapping techniques.

In AF, ventricular fibrosis may be induced by
arrhythmia or could reflect pre-existing cardiomyopathy.
Importantly, it has been shown that SR maintenance can
lead to a decrease in ventricular interstitial fibrosis. Ling
et al. studied the amount of diffuse left ventricular (LV)
myocardial fibrosis in patients with AF. Ninety subjects
underwent cardiac examination using a 1.5 T MRI
(40 patients with paroxysmal AF, 27 patients with
persistent AF, and 23 controls). Ventricular fibrosis
assessed using T1 mapping was higher in AF patients
than in controls, and persistent AF patients had a higher
degree of ventricular fibrosis than paroxysmal patients
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(Ling et al. 2012). Zhao et al. (2019) studied the
prognostic impact of ventricular fibrosis in patients with
AF and heart failure. One hundred eight patients
underwent MRI, including T1 mapping, and underwent
catheter ablation for AF. The LV extracellular volume
fraction was independently associated with worse
outcomes, i.e., a higher risk of CV death or worsening HF
with HR of 1.2 (95 % CI 1.1-1.4). In a study by Begg et
al. (2020) increased ventricular fibrosis assessed usingT 1
mapping was associated with increased left atrial
pressure. In the CAMERA MRI study, patients with
persistent AF and HF with reduced ejection fractions
(EF) were randomized to catheter ablation or rate control
therapy; all patients also underwent cardiac MRI at
baseline and at six months (including myocardial T1
time). (Prabhu et al. 2018) At six months, patients in the
catheter ablation group achieved SR significantly more
often; and there was a significant reduction in myocardial
group.
Improvement in myocardial T1 time with catheter

Tl time compared with the rate control

ablation was also associated with significant
improvements in the EF of the LV. These findings
document the significant link between atrial fibrillation
and fibrosis on the ventricular level. Several studies have
shown that obesity is also associated with the progression
of interstitial ventricular fibrosis. Due to the association
with obesity with other comorbidities, such as
hypertension or diabetes, which are also associated with
a higher risk of developing interstitial fibrosis, it is
difficult to identify the pure effect of obesity relative to
the other mentioned factors. In a study by Kukuckseymen
et al. (2020), patients with T2DM and obesity had
increased myocardial native T1 times compared to
patients with only one comorbidity (diabetes + obesity vs.
diabetes, or obesity), which documents the negative
synergic effect of metabolic disorders on ventricular
fibrosis. Several studies have shown that obesity is
associated with abnormal left ventricular diastolic
function, dilation, and deterioration of left atrial function.
(Pascual et al. 2003, Scaglione et al. 1992, Zarich et al.
1991) Therefore,

represent a further link between metabolic disorders,

diffuse myocardial fibrosis could
especially obesity, and atrial fibrillation.

Published interventional studies on weight
reduction for sinus rhythm maintenance

Several studies have highlighted the importance
of treating the underlying cause of AF to achieve rhythm

control and maintain sinus rhythm.

Abed et al. (2013) randomized 150 AF patients
with BMI > 27 to weight management or control. The
intervention group showed significantly greater weight
reduction than the control group (14.3 and 3.6 kg, resp.,
p<0.001). The primary endpoint, QoL determined using
repeated QoL questionnaires starting 3-12 months after
randomization, improved significantly in the weight
group
Similarly, the AF burden, measured using 24 Holter

management compared to control patients.

recording one year after randomization, decreased
significantly in the weight management group (from
1176 min to 491 min) and increased in the control group
(from 1393 min to 1546 min).

In the prospective non-randomized ARREST-AF
study, 149 patients with BMIs over 27 were offered
physician-led intensive management of risk factors
(dietary change, regular exercise, etc.): 61 patients agreed
with this intervention, and 88 formed a control group.
Risk factor management aimed primarily at weight
reduction led not only to a decrease in blood pressure,
an improvement in the lipogram but also to a reduction in
AF recurrences by 24 % (Pathak et al. 2014). At the same
time, there was a positive effect on structural remodeling,
left atrial
ventricular hypertrophy.

The LEGACY study showed similar data. In this
study, risk factor management was again offered and was

decreased volume, and decreased left

primarily aimed at weight reduction. The study included
355 patients with a BMI over 27 who were referred for
AF treatment. Based on weight loss, patients were
divided into three groups, those with weight reductions
above 10 %, 3-9 %, and < 3 %. SR maintenance without
AF recurrence was significantly different between groups
(i.e. 45%, 22 %, and 13 % of patients, respectively).
(Pathak et al. 2015) Increasing physical activity is
an equally important obesity intervention. In a study by
Malmo 51 patients with paroxysmal AF were randomized
to a 12-week interval aerobic training program or the
control group, and time in AF was measured using an
implantable ECG recorder. The AF burden remained
unchanged in the control group, while the aerobic training
group experienced a significant decrease in AF burden
from 8.1 % to 4.8 % (Malmo et al. 2016).

On the other hand, surprising and less positive
results were recently published in the SORT-AF trial
(Supervised Obesity Reduction Trial for AF Ablation
Patients). In this study, 133 patients with BMI 30-40
(34.9 on average) underwent catheter ablation for AF and
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were randomized to supervised weight reduction or usual
care. The supervised intervention led to a significant
reduction of weight and BMI, and no significant weight
loss was present in the control group. AF burden
measured 3—-12 months after ablation was reduced
significantly in both groups; in the intervention group
from 21.6+36.0 % to 3.7£12.5 %, and in controls from
22.4+36.8 % to 4.21+11.3 %. However, no difference
was observed in the decrease of the AF burden between
both groups. (Gessler ef al. 2021) Similarly, freedom of
AF and time to first recurrent AF (both after three months

of blanking period) were also not different between

groups (p = 0.57). Only in the ancillary analyses of the
subgroups was it shown that in patients with persistent
AF (57 % of the whole cohort), BMI reduction was
associated with a significant decrease in AF recurrence
compared to paroxysmal AF patients. Although patients'
weight loss in the interventional arm was statistically
significant compared to the baseline weight, it presented
only 3.91 % of the initial body weight. This weight loss
might have been too little to show an effect on AF
burden; in the LEGACY study, the most significant effect
on AF freedom was in patients who lost > 10 % of their
initial body weight.

Table 1. A summary of the largest studies focused on metabolic interventions for AF treatment.

ARREST-AF

149 patients

Metabolic intervention: 61 patients

Control group: 88

24 % reduction of AF recurrences

LEGACY

355 patients

Group 1 (10 % weight reduction)
45 9% patients without recurrence of AF

Group 2 (3-9 % weight reduction)
22 % without recurrence of AF

Group 3 (<3 % weight reduction)
13 % without recurrence of AF

Aerobic Interval Training Reduces the Burden of Atrial Fibrillation in the Short Term

55 patients

26 patients 12-week intervention period
Main time in AF reduced from 8.1 % to 4.8 %

25 patients control group
Main time in AF increased from 10.4 % to 14.6 %

Ongoing clinical studies on weight loss
intervention in AF patients

As shown, several studies have documented the
effect of weight loss in obese AF patients, and several
observational or randomized trials focusing on the effect
of weight loss are ongoing. The HOBIT-AF study (Effect
of Complex weight-reducing Interventions on Rhythm
Control in Obese Subjects with Atrial Fibrillation,
NCT 04560387) has a similar design as the SORT-AF
but focuses on patients with even higher BMIs (> 35)
(Stolbova et al. 2021). Obese AF patients will be
randomized after catheter ablation to the control group or
the interventional group consisting of a physician-led
program using various weight-reducing interventions,
including bariatric surgery (sleeve gastrectomy). The
primary outcome will be AF burden during the 18 months
after randomization, as assessed using 14-d Holter
recordings. Another similar study is the ISOLATE study

(Impact of Life-Style Modification on Ablation Outcome
in Atrial Fibrillation, NCT02219841). This prospective
randomized study evaluates the impact of aggressive
lifestyle modification in terms of a calorie-controlled diet
and supervised exercise on catheter ablation outcomes in
overweight patients with atrial fibrillation. Participants in
the intervention group will receive individual counseling
sessions with an experienced dietitian and participate in
a supervised exercise program; patients in the control
group will be provided routine advice on a heart-healthy
diet and lifestyle. The primary outcome is AF recurrence
that will be assessed at 3, 6, and 12 months after the
procedure using event recorders or Holter monitoring.
The LOSE-AF (Can Weight Loss Help Patients With
Atrial  Fibrillation? = NCT03713775)
a prospective, randomized study comparing the effect of

study  is

weight loss programs vs. standard care on AF
reoccurrence after AF ablation in obese or overweight

patients. Elderly individuals (60—85 years) with persistent



2021

Atrial Fibrillation and Obesity S519

AF and BMI > 27 will be recruited. Participants will be
randomly allocated (1:1) to either a meal replacement
program with behavioral support (intervention) or
standard care (control) for 32-36 weeks. Participants in
the intervention arm will be referred to a local
commercial counselor who will provide behavioral
support, weight monitoring, and deliver formula meals.
Participants randomized to the control group will receive
the best standard care, consisting of a one-time, face-to-
face consultation regarding weight loss with a nurse at
baseline. The primary endpoints are AF recurrence,
defined as any ECG-confirmed episode of AF within
eight months; AF burdens will be assessed using 14-day

Holter monitoring.

Conclusion

With a current prevalence of =~ 2% in the
general population and a consistently growing incidence,
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