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Abstract

Obesity is an established independent risk factor for the initiation and progression of atrial fibrillation (AF). This review synthesizes
current evidence on the epidemiological association between obesity and AF. It also discusses the multifaceted pathophysiological mech-
anisms that link them, including structural remodeling, electrical remodeling, and autonomic dysfunction. We summarize current pre-
ventive and therapeutic strategies for AF in the context of obesity. These encompass lifestyle intervention with sustained weight loss,
pharmacological approaches that prioritize agents with dual cardiometabolic benefits, integration of catheter ablation with weight man-
agement, and the selection of anticoagulants. Emerging investigational targets in preclinical stages are also briefly discussed to highlight
future directions. We provide a comprehensive mechanistic and practical perspective to inform clinical management of obesity-related
AF, advocating for a personalized, multi-targeted therapeutic paradigm that addresses the root causes of this arrhythmia.
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1. Introduction
Atrial fibrillation (AF) is the most common sustained

arrhythmia in clinical practice. Its prevalence is increas-
ing globally, posing a significant threat to human health [1]
and becoming a heavy public health burden [2]. In China,
a large national cross-sectional study reported a prevalence
of 1.6% among adults, with a higher incidence in older age
groups [3]. Obesity is considered to be an independent risk
factor for AF, contributing to the onset and progression of
this condition [4]. However, the precise pathophysiology
linking obesity to AF involves complex and interrelated
mechanisms, and the presence of obesity complicates the
efficacy and selection of AF therapies. This review syn-
thesizes the current evidence supporting these multifaceted
mechanisms and summarizes the evolving landscape of pre-
ventive and therapeutic strategies specifically for obesity-
related AF. Our aim is to bridge insights from pathogene-
sis to clinical practice, thus providing a comprehensive per-
spective for managing this common clinical association.

2. Search Strategy and Selection Criteria
We conducted a comprehensive literature search in the

PubMed database for articles published between January
2000 and June 2026. The search strategy combined Medi-
cal Subject Headings (MeSH) terms and free-text keywords
related to obesity and AF, including their clinical subtypes
and related conditions, using Boolean operators. We also
manually screened the reference lists of retrieved articles

and relevant reviews to identify additional studies not cap-
tured by the initial database search.

Studies were included if they met the following crite-
ria: (1) study design: original research articles, randomized
controlled trials, prospective or retrospective cohort stud-
ies, cross-sectional epidemiological surveys, Mendelian
randomization studies, systematic reviews, meta-analyses,
high-quality narrative reviews, and clinical practice guide-
lines; (2) language: articles published in English; (3)
relevance: studies directly addressing the epidemiology,
pathophysiological mechanisms, or clinical management of
obesity-related AF; and (4) study population: human sub-
jects or established animal/in vitro models specifically em-
ployed for the investigation of obesity-related AF mech-
anisms or therapeutic targets. We excluded case reports,
conference abstracts, editorials, commentaries, studies not
directly pertinent to the core topic, and duplicate publica-
tions.

Given the narrative nature of this review, we priori-
tized evidence from large-scale cohort studies and random-
ized controlled trials for clinical recommendations. Mecha-
nistic evidence from preclinical studies was interpretedwith
appropriate caution given its inherent limitations. Both au-
thors independently screened the titles and abstracts of all
retrieved records, and discrepancies were resolved through
discussion. This systematic approach was intended to en-
sure comprehensive and unbiased coverage of the available
literature.
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3. Obesity Promotes Atrial Fibrillation
According to the World Health Organization, over-

weight is defined as a body mass index (BMI) ≥25 kg/m2.
Obesity is further classified into class I (30.0–34.9 kg/m2),
class II (35.0–39.9 kg/m2), and class III (≥40.0 kg/m2)
[5]. China employs national BMI cut-off points, defining
obesity as BMI ≥28 kg/m2 and overweight as BMI ≥24
kg/m2. These values are lower than the WHO standards
(≥30 kg/m2 and ≥25 kg/m2, respectively) and are based on
evidence of higher health risks at lower BMI levels among
Asian populations [6]. Regardless of which standard is ap-
plied, a higher BMI has been conclusively linked to an in-
creased risk of AF. A large Chinese cohort study recruited
44,135 participants with an average follow-up of 9.68 years.
The study found that for each unit increase in BMI andwaist
circumference over time, the risk of AF increased by 6%
and 2%, respectively [7]. In a cohort of 18,290 participants,
Berkovitch et al. [8] reported that weight loss was indepen-
dently associated with a reduced risk of AF. For every 5 kg
of weight loss, the risk of developing AF showed a signifi-
cant decrease of 12%. Additionally, for every 1 kg/m2 de-
crease in BMI, the risk of a first AF event was significantly
reduced by 7%. Current research suggests that BMI is posi-
tively correlated with AF risk. Importantly, long-term obe-
sity or abdominal fat accumulation can promote the occur-
rence of AF [7]. Studies on Asian [9] and European [10]
populations found that central obesity (abdominal fat) had
a significant impact on the risk of AF.When BMI increased,
the risk of AF varied across different ethnic groups. For ex-
ample, at higher BMIs, Black individuals showed the small-
est increase in AF risk, while Chinese-Americans experi-
enced the greatest increase [11]. However, the underlying
causes of these significant differences between populations
remain unknown.

The enlargement of epicardial adipose tissue (EAT),
located between the visceral layer of the pericardium and
the myocardium, is closely associated with the occurrence
ofAF [12]. Quantitative data indicate that for each one stan-
dard deviation increase in EAT volume, the risk of new-
onset AF increases by 25%. More importantly, EAT vol-
ume demonstrated even stronger associations with the risk
of AF following cardiac surgery, increasing the risk of in-
hospital AF by 2.67-fold, and the risk of long-term post-
operative AF by 2.14-fold [12]. A nationwide cohort study
suggested that weight variability was an independent risk
factor for AF [13]. This defined high weight variability
as the highest quintile of fluctuation (approximately 4.6 kg
in mean absolute successive variability), which was associ-
ated with a 16% increased risk of new-onset AF [13].

In addition, the impact of obesity on the cardiovas-
cular system varies between sexes [14]. Specifically, men
with obesity have a significantly higher risk of developing
AF compared with their female counterparts [14]. This dis-
parity may be linked to sex-specific factors, including dif-
ferences in body fat distribution, sex hormone profiles, in-

flammatory responses, and function of the autonomic ner-
vous system [14].

Furthermore, the obesity paradox cannot be ignored
[15]. While obesity increases the risk of developing AF, pa-
tients with both obesity and AF tend to have lower mortal-
ity rates after diagnosis compared to AF patients with nor-
mal weight [15]. A study of 1804 patients with AF demon-
strated that obesity (BMI ≥30 kg/m2) was associated with
lower risks of stroke/systemic embolism, bleeding, heart
failure admission, and all-cause mortality [16]. As BMI
increased, the risk of these adverse events showed a de-
creasing trend. Possible explanations for this observation
include: (1) patients with obesity may receive more aggres-
sive treatment and closer follow-up; (2) patients with obe-
sity are more likely to visit the emergency department for
AF, leading to timely management; (3) in the Middle East
region, a higher BMI may indicate better nutritional status
and greater access to medical resources; and (4), patients
with obesity may engage in more cardiorespiratory fitness
exercise [16]. These intriguing possibilities warrant further
investigation (Table 1, Ref. [7,8,9,10,11,12,13,14,16]).

4. Mechanisms Linking the Development of
Atrial Fibrillation With Obesity

The precise mechanisms through which obesity pro-
motes AF remain incompletely understood, but are believed
to involve a combination of structural remodeling and elec-
trical remodeling. Epidemiological studies have consis-
tently demonstrated a strong association between obesity
and increased risk of AF, highlighting the need to elucidate
the underlying pathways.

4.1 Structural Remodeling
4.1.1 Fibrosis

Obesity-associated AF is closely linked to atrial fi-
brosis. In individuals with obesity, increased EAT volume
and elevated inflammatory mediators such as myeloper-
oxidase upregulate the expression of collagen type I al-
pha 1 chain (COL1A1), fibronectin 1 (FN), transforming
growth factor-β (TGF-β), and matrix metalloproteinases,
promoting AF and creating a pathological basis for AF
[17]. Importantly, this obesity-induced remodeling was
partly reversible. Weight reduction in an obese sheepmodel
decreased atrial TGF-β1 expression, reduced fibrosis and
adipocyte infiltration, reversed structural remodeling, and
lowered the incidence and duration of AF [18]. Obesity
enhanced oxidative stress, downregulated Nuclear factor
erythroid 2-related factor 2 (NRF2), and activated TGF-
β1, rendering cardiomyocytes vulnerable to reactive oxy-
gen species (ROS) and establishing a cycle that exacerbates
fibrosis [19].

4.1.2 Inflammation
Obesity is associated with adipose tissue inflamma-

tion, characterized by macrophage accumulation and in-
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Table 1. Summary of epidemiological studies on the association between obesity and atrial fibrillation.
Study design Study population (sample

size)
Key findings Reference

Prospective Cohort Chinese adults (44,135) Long-term increases in BMI and waist circumference independently
associated with elevated AF risk (HR 1.06 per BMI unit; HR 1.02 per WC

unit)

[7]

Cohort Study Israeli adults (18,290) Weight loss significantly reduced AF risk (12% per 5 kg; 7% per 1 kg/m2

BMI reduction)
[8]

Mendelian
Randomization

Asian population
(GWAS)

Central obesity (WHR) was a potential causal AF risk factor (OR 1.24) [9]

Prospective cohort
study

Swedish adults (4021) Obesity (BMI ≥30) increased AF risk regardless of metabolic syndrome;
BMI, waist circumference and sagittal abdominal diameter similarly

predicted AF risk.

[10]

Prospective Cohort Multi-ethnic U.S. (6814) Obesity-AF association varied by race (HR 1.71 in Chinese Americans vs.
1.09 in Black individuals per SD increase in BMI)

[11]

Observational Study Multi-national cohort EAT volume strongly predicted AF (new-onset OR 1.25 per SD;
postoperative HRs 2.67–2.14)

[12]

Nationwide Cohort Korean patients with
T2DM (89,494)

High weight variability was an independent risk factor for AF (HR 1.16),
especially in non-obese individuals

[13]

Cohort Study Korean & UK (>900,000) Obesity-related AF risk was higher in males than females, with incidence
ratios of 2.00 (UK) and 1.40 (Korea)

[14]

Prospective
Observational Cohort

Middle Eastern AF
patients (Gulf SAFE)

(1804)

Obesity (BMI ≥30) was associated with lower risks of stroke/SE (aOR
0.40), bleeding (aOR 0.44), HF admission (aOR 0.61), and composite
outcome (aOR 0.65). However, all-cause mortality was not significantly

reduced (aOR 0.69, 95% CI 0.47–1.03; p = 0.066), so the “obesity
paradox” should be interpreted cautiously.

[16]

This table summarizes key epidemiological studies investigating the association between obesity (measured by BMI, weight variability, fat
distribution, or weight loss) and the risk of AF or its prognosis. Evidence spans diverse populations and includes associations, risk estimates
(e.g., HR, OR, aOR), and notable phenomena such as the “obesity paradox” and variations according to race/ethnicity or sex. Abbreviations:
AF, atrial fibrillation; aOR, adjusted odds ratio; SD, standard deviation; BMI, bodymass index; EAT, epicardial adipose tissue; GWAS, genome-
wide association study; HR, hazard ratio; OR, odds ratio; SE, systemic embolism; T2DM, type 2 diabetes mellitus; WC, waist circumference;
WHR, waist-to-hip ratio.

creased expression of pro-inflammatory mediators [20]. In
patients undergoing cardiac surgery, increased interleukin-
1β (IL-1β) secretion from epicardial adipose tissue (EAT)
has been associated with postoperative atrial fibrillation
[21]. In vitro, IL-1β and IL-18 promote human atrial fibrob-
last proliferation, collagen production, and transforming
growth factor-β1 (TGF-β1) expression, suggesting a poten-
tial contribution to atrial fibrotic remodeling [21]. Higher
EAT-derived IL-6 levels have also been associated with
postoperative atrial fibrillation [22]. The NLR family pyrin
domain containing 3 (NLRP3) inflammasome is activated
by pro-inflammatory stimuli and processes IL-1β and IL-
18 into their mature forms, thereby amplifying inflamma-
tion and the propensity for AF [23,24,25]. Inhibition of
NLRP3 via MCC950 or through genetic means suppressed
AF in experimental models [23]. Additionally, the upregu-
lation of hypoxia-inducible factor-1α in adipose tissue un-
der obesity conditions promoted chronic inflammation and
macrophage recruitment, further driving atrial fibrosis [26].

4.1.3 Oxidative Stress

Oxidative stress and ROS are critical in obesity-
induced atrial remodeling. Increased lipolysis elevates the
level of intracellular fatty acids, which activates the Toll-
like receptor 4 pathway and nicotinamide adenine dinu-
cleotide phosphate, reduced form (NADPH) oxidase 2, a
major source of ROS [27]. Gut microbiota dysbiosis from
a high-fat diet exacerbates this process by promoting en-
dotoxin translocation, toll-like receptor 4 (TLR4) activa-
tion, and pro-inflammatory cytokine release, while reduc-
ing antioxidant enzyme activity, increasing ROS accumu-
lation and the incidence of AF [28].

4.1.4 Endocrine-Metabolic Dysregulation

Insulin resistance is a hallmark of obesity and con-
tributes to structural remodeling. It activates phos-
phoinositide 3-kinase (PI3K)/protein kinase B (Akt) and
mitogen-activated protein kinase (MAPK) pathways, dis-
rupts calcium handling, and upregulates proteins such
as calcium/calmodulin-dependent protein kinase II delta
(CaMKIIδ) and sodium/calcium exchanger 1 (NCX1), lead-
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Fig. 1. Mechanisms of atrial structural remodeling in obesity-related atrial fibrillation. The main mechanisms include: fibro-
sis (increased expression of COL1A1, FN1, and TGF‑β leads to collagen deposition); inflammation (increased NLRP3 inflammasome,
HIF‑1α, IL‑6, IL‑18, IL‑1β, and TGF‑α); oxidative stress (excess fatty acids activate abundant ROS via the TLR4/NOX axis); and
endocrine‑metabolic dysfunction (insulin resistance and adipokine dysregulation increase leptin secretion, decrease adiponectin, and in-
crease TNF-α). The small upward and downward arrows indicate increases and decreases, respectively, in the indicated expression levels,
abundance, or activity. AF, atrial fibrillation; COL1A1, collagen type I alpha 1 chain; FN1, fibronectin 1; HIF-1α, hypoxia-inducible fac-
tor 1-alpha; IL-1β, interleukin-1 beta; IL-6, interleukin-6; IL-18, interleukin-18; NLRP3, NLR family pyrin domain containing 3; NOX2,
NADPH oxidase 2; ROS, reactive oxygen species; TGF-α, transforming growth factor-alpha; TGF-β, transforming growth factor-beta;
TLR4, toll-like receptor 4; TNF-α, tumor necrosis factor-alpha. Created in BioRender.

ing to calcium overload, interstitial fibrosis, atrial dilation,
and slower conduction [29,30]. Insulin resistance is also as-
sociated with elevated inflammatory markers and oxidative
stress [30].

Adiponectin levels are decreased in obesity [31],
whereas pro-fibrotic leptin [32] and pro-inflammatory/pro-
fibrotic tumor necrosis factor-alpha (TNF-α) levels are
elevated [33]. Thus, obesity drives structural remodel-
ing through fibrosis, inflammation, oxidative stress, and
endocrine-metabolic dysregulation (Fig. 1).

4.2 Electrical Remodeling
4.2.1 Sodium Channel Dysfunction

Obesity directly affects atrial electrophysiology
through alterations in ion channels. In obese mice, ac-
tivation of serum and glucocorticoid-regulated kinase 1
(SGK1) alters the biophysical properties and trafficking
of the voltage-gated sodium channel Nav1.5 (encoded
by SCN5A), disrupting the rapid inward sodium current

(INa) that initiates cardiac depolarization [34]. This
dysregulation enhances the late sodium current, delays
repolarization, increases cellular excitability, and creates a
substrate for AF.

4.2.2 Alterations in Potassium Channels

Obesity increases atrial Kv1.5 (KCNA5) expression
in high-fat diet-induced obese mice, accompanied by en-
hanced ultrarapid delayed rectifier potassium current (IKur)
and shortened atrial action potential duration, which predis-
poses the atria to arrhythmia [35]. These changes shorten
action potential duration, reduce conduction velocity, and
lower the maximum rate of depolarization, thereby promot-
ing AF [36]. In addition, adipocyte‑incubated atrial my-
ocytes exhibit a significant reduction in the inward rectifier
potassium current (IK1), leading to depolarization of the
resting membrane potential, slowed conduction, increased
heterogeneity, and ultimately facilitating re-entrant arrhyth-
mias [37].
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4.2.3 Calcium Handling Dysfunction
Under conditions of obesity, activation of the stim-

ulator of interferon genes (STING) pathway downregu-
lates L-type calcium channel Cav1.2 expression and re-
duces L-type calcium current (ICa,L) density, thereby im-
pairing Ca2+ transient triggering and amplitude. Concur-
rently, STING signaling upregulates the inositol 1,4,5-
trisphosphate receptor type 1 (IP3R1)–voltage-dependent
anion channel 1 (VDAC1) calcium transfer complex and
enhances mitochondria-endoplasmic reticulum (ER) cou-
pling, leading to mitochondrial calcium overload and es-
tablishing a pro-arrhythmic vicious cycle [38].

4.2.4 Hyperpolarization-Activated Cyclic
Nucleotide–Gated (HCN) Channel Dysfunction

The HCN1 and HCN4 channels, which generate the
sinoatrial pacemaker current (If), are downregulated in the
peroxisome proliferator-activated receptor gamma coacti-
vator 1-alpha (Pgc-1α)-deficient model of obesity-related
metabolic stress. This impairs cardiac automaticity and
creates an unstable electrophysiological background con-
ducive to AF [39].

4.2.5 Na+/K+-ATPase Dysfunction
In the same model of obesity-induced metabolic

stress, key subunits of the ATP-dependent Na+/K+-ATPase
(Atp1a1, Atp1a2, Atp1b1) are downregulated. The resulting
disturbance in the ionic gradient disrupts membrane stabil-
ity, forming a pro-arrhythmic substrate that links metabolic
stress to AF in obesity [39].

4.2.6 Connexin Dysfunction
Connexin 43 (Cx43) is a major protein component of

gap junctions and is responsible for electrical signal trans-
mission between cardiomyocytes [18]. The expression of
Cx43 was significantly reduced in an obese sheep model,
leading to slowed conduction velocity and increased con-
duction heterogeneity, contributing to the electrophysiolog-
ical substrate for AF. A 30% weight loss was shown to re-
verse the downregulation of Cx43, improve conduction ve-
locity and heterogeneity, and reduce both the inducibility
and duration of AF [18].

Furthermore, in an obese rat model, the atrial gap
junction protein Cx40 was downregulated and exhibited
disrupted spatial distribution under obese conditions [38].
This impairment severely compromises intercellular elec-
trical coupling and forms a pro-arrhythmic substrate char-
acterized by slowed conduction and increased heterogene-
ity, thereby elevating susceptibility to AF [38].

Obesity induces multifaceted atrial electrical remod-
eling mainly through the dysfunction of sodium (Nav1.5),
potassium (Kv1.5, Kir2.1), calcium (Cav1.2), HCN, and
Na+/K+-ATPase channels, as well as impaired gap junction
coupling (Cx40, Cx43). This creates a pro-arrhythmic sub-
strate characterized by shortened action potential, slowed

conduction, and increased heterogeneity, thereby promot-
ing the occurrence of AF (Fig. 2).

4.3 Autonomic Dysfunction

In patients with obesity, inflammatory factors and
free fatty acids from EAT activate sympathetic neurons
and increase the release of neuropeptide Y. Neuropeptide
Y, via its Y1 receptor, increases Na+/Ca2+ exchanger and
calcium/calmodulin-dependent protein kinase II (CaMKII)
activity, causing abnormal calcium handling and delayed
afterdepolarizations in cardiomyocytes, thereby increasing
the risk of AF [40]. Elevated ROS oxidizes and activates
CaMKII, leading to ryanodine receptor 2 activation and
aberrant Ca2+ release from the sarcoplasmic reticulum. This
establishes the pro-arrhythmic substrate for cellular trig-
gered activity, directly initiating and sustaining AF [41,42].
Obesity also disrupts the autonomic balance. Elevated lep-
tin levels in obesity further stimulate sympathetic activation
[43].

4.4 Preclinical Models: Mechanistic Insights and
Translational Gaps

Mice fed a high‑fat diet (HFD) have revealed the
NLRP3 inflammasome–NADPH oxidase 2 (NOX2)–ROS
axis [23,27], the SGK1–Nav1.5 pathway [34], and multi-
ion-channel remodeling [40]. The obese sheep model has
revealed the reversibility of atrial structural remodeling and
Cx40/Cx43 gap‑junction remodeling following weight loss
[18]. In vitro EAT secretome/co‑culture systems have ele-
gantly dissected the paracrine effects of IL‑1β, TNF‑α, and
leptin [40,44]. The aldehyde dehydrogenase 2 (ALDH2)
knock‑in mouse model with HFD has further revealed the
modulatory role of genetic background. Despite elevated
ROS levels, AF susceptibility is not increased due to com-
pensatory upregulation of the nuclear factor erythroid 2-
related factor 2 (Nrf2)/heme oxygenase-1 (HO‑1) antiox-
idant pathway [45]. The human‑derived, 3D bioprinted
fat–myocardium model has validated, in a human cellular
context, that hypertrophic adipocytes directly impair car-
diomyocyte beating, calcium handling, and Cx43 expres-
sion through metabolic inflexibility, insulin resistance, and
ER stress [46].

However, each of these models carries inherent limita-
tions. In rodent models, obesity is induced too rapidly (over
weeks to months), thus failing to recapitulate the decades-
long progressive course of human obesity. Moreover,
the electrophysiological parameters of rats—such as heart
rate and action potential duration—differ substantially from
those of humans, and their EAT is scarce. This makes it dif-
ficult to model the key pathological feature of EAT thick-
ening observed in human obesity. Large animal models,
while offering better clinical relevance, are costly and time
consuming. Although capable of dissecting cellular interac-
tions at high resolution, in vitro and 3D bioprinted systems
cannot replicate the intact neuro-hormonal-hemodynamic
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Fig. 2. Mechanisms of atrial electrical remodeling in obesity-related atrial fibrillation. This figure delineates the integrated electri-
cal remodeling mechanisms underlying obesity-related AF. Key alterations include: sodium channel dysfunction (increased late sodium
current via Nav1.5), potassium channel remodeling (increased Kv1.5 shortening APD; decreased Kir2.1 depolarizing resting potential),
calcium handling impairment (STING pathway downregulates Cav1.2 and promotes calcium overload), impaired gap junction coupling
(downregulated Cx40 and Cx43), and dysfunction of HCN channels and Na+/K+-ATPase. These defects collectively establish an ar-
rhythmogenic substrate characterized by shortened action potential duration, slowed conduction and increased conduction heterogeneity,
and increased excitability. AF, atrial fibrillation; APD, action potential duration; Cx, connexin; HCN, hyperpolarization-activated cyclic
nucleotide–gated channel; STING, stimulator of interferon genes; ICa,L, L-type calcium current; If, “funny” current; IK1, inward rectifier
potassium current; Kv1.5, voltage-gated potassium channel subfamily A member 5; Nav1.5, voltage-gated sodium channel type V sub-
unit alpha; Kir2.1, inward rectifier potassium channel 2; Cav1.2, voltage-dependent L-type calcium channel subunit alpha-1C; SGK1,
serum and glucocorticoid-regulated kinase 1; IP3R1, inositol 1,4,5-trisphosphate receptor type 1; SR, sarcoplasmic reticulum; VDAC1,
voltage-dependent anion channel protein 1. Created in BioRender.

milieu present in vivo. More importantly, several transla-
tional gaps exist across all of these models: the vast major-
ity require exogenous stimulation to induce AF, thus study-
ing “inducible” rather than “spontaneous” AF. Hence, this
may reflect susceptibility rather than the true maintenance
mechanisms of the arrhythmia. Furthermore, most models
focus on obesity as a single factor, whereas human obesity-
related AF frequently coexists with hypertension, diabetes,
and sleep apnea. Single-factor models may therefore over-
estimate or underestimate the contribution of specificmech-
anisms.

Recognizing these limitations identifies priority di-
rections for future research. For example, multi‑factor
“two‑hit” models that combine obesity with hypertension,
diabetes, or sympathetic activation should be developed.
Human induced pluripotent stem cell (hiPSC)‑derived atrial

cardiomyocytes should be utilized to study electrical re-
modeling in a human genetic background. Finally, preclin-
ical targets (such as the NOX2, SGK1, and NAD+ axes)
should be prioritized for validation in well‑designed human
observational studies or post‑hoc analyses of large random-
ized controlled trials.

5. Multidimensional Management of
Obesity-Related AF
5.1 Lifestyle Interventions

Patients with AF who undergo supervised and per-
sonalized weight loss, including dietary control and im-
provements in physical activity, can achieve meaningful
metabolic benefits. The PRAGUE‑25 trial demonstrated
that lifestyle intervention combined with anti-arrhythmic
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drug therapy resulted in a mean weight loss of 6.4 kg, with
significant improvements in glycemic control, cardiorespi-
ratory fitness, and quality of life [47].

5.2 Pharmacological Treatment
5.2.1 Metformin

Metformin is effective in diabetic patients and protects
against cardiovascular diseases, especially AF, through the
regulation of fat metabolism and inflammation [48]. Met-
formin reduced AF vulnerability in a canine pacing model
by improving atrial electrophysiology [48]. It reversed
effective refractory period shortening, reduced electrical
dispersion, and decreased AF inducibility and duration.
These benefits were mediated by remodeling of the EAT.
Metformin downregulates pro-inflammatory cytokines (IL-
6, TNF-α, TGF-β1), enhances adiponectin signaling via
upregulation of peroxisome proliferator-activated receptor
gamma (PPARγ), a key regulator of adiponectin expression,
and suppresses ROS/NF-κB activation. The improved cal-
cium handling in cardiomyocytes stabilizes electrical activ-
ity by restoring the function of sarcoplasmic/endoplasmic
reticulum (ER) Ca2+ ATPase 2a (SERCA2a), a Ca2+ pump
that is critical for calcium reuptake into the sarcoplasmic
reticulum [48].

5.2.2 Glucagon-Like Peptide-1 Receptor Agonists
Glucagon-like peptide-1 (GLP-1) receptor agonists

are commonly used in diabetes and obesity and have
shown potential in treating obesity-related AF. A primary
mechanism by which GLP-1 receptor agonists reduce AF
risk is through substantial weight loss, thereby alleviat-
ing obesity-related cardiac strain and metabolic dysregu-
lation [49]. Exenatide enhances muscle glucose utiliza-
tion, reduces fatty acid accumulation, activates the adeno-
sine monophosphate-activated protein kinase (AMPK) sig-
naling pathway, alleviates insulin resistance, and decreases
intracellular fat deposition in muscle cells. In diet-induced
obese mice, these effects were accompanied by reduced
body weight, whereas in ob/ob mice exenatide ameliorated
intramyocellular lipid deposition without weight loss [49].
Semaglutide reduces the progression of left atrial remodel-
ing and right ventricular dilation, significantly improving
cardiac diastolic function. It also effectively reduced body
weight and improved metabolic parameters (such as blood
glucose levels and insulin sensitivity), whichmay indirectly
enhance cardiac function [50].

5.2.3 Inhibitors of Sodium-glucose cotransporter 2
Inhibitors of sodium-glucose cotransporter 2 (SGLT2)

are commonly used in the treatment of diabetes. Recent
studies have found they can also be used in the treatment
of patients affected by obesity and AF [51]. These in-
hibitors reduce renal glucose reabsorption, promoting the
excretion of glucose in the urine and thus effectively low-
ering blood glucose levels. SGLT2 inhibitors improve car-

diac load by reducing body weight, which helps to decrease
atrial dilation and electrophysiological abnormalities [51].
In patients treated with SGLT2 inhibitors, the risk of new-
onset AF in patients with a weight loss of ≥5% was signif-
icantly lower than in patients with a weight loss of <5%
(1.8% vs 4.0%, respectively) [51]. The evidence for di-
rect electrophysiological effects of SGLT2 inhibitors on the
atria is currently less well established compared to their
strong indirect benefits. Additionally, SGLT2 inhibitors
can alleviate cardiac stress and load by promoting diure-
sis, lowering blood pressure, and improving vascular func-
tion, thereby reducing atrial dilation and electrophysiologi-
cal disturbances [51]. Therefore, SGLT2 inhibitors are ben-
eficial not only for the treatment of diabetes, but also for
managing AF in patients with obesity, highlighting their
considerable clinical importance.

5.2.4 Emerging Investigational Targets and Future
Directions

In addition to established pharmacotherapies, several
novel metabolic targets have shown promise in preclinical
models of obesity-related AF. However, it is important to
emphasize that the following interventions are still at the
experimental stage, and their clinical translation requires
rigorous validation in future human trials.

Regulation of the nicotinamide adenine dinucleotide
(NAD+)/nicotinamide phosphoribosyltransferase (Nampt)
pathway: Nampt is a rate-limiting enzyme that catalyzes
NAD+ salvage pathway and influences cellular energy
metabolism and antioxidant capacity by regulating NAD+

levels [52]. In an obese mouse model of AF, Nampt gene
knockout led to a significant reduction in NAD+ levels in
cardiac tissue, along with a marked decrease in sirtuin 1
(SIRT1) expression [52]. Concurrently, ROS accumulation
in cardiac tissue led to abnormal calcium dynamics in car-
diomyocytes, characterized by an imbalance in calcium re-
lease and reuptake. Significant changes occurred in the ex-
pression of calcium pumps (SERCA) and channels, includ-
ing ryanodine receptors, while the incidence and duration
of AF increased significantly. Supplementation with the
NAD+ precursor nicotinamide riboside (NR) restored car-
diac NAD+ levels, reducing AF duration by approximately
36% (~110 seconds to ~70 seconds) without significantly
altering AF incidence [52]. This suggests the NAD/Nampt
axis may serve as a novel therapeutic target for AF.

Mitochondrial function activators: Ezetimibe is a
cholesterol-lowering drug, while disulfiram is used to treat
alcohol dependence. A recent study found these drugs may
have useful anti-arrhythmic properties for AF treatment
[53]. In mouse models, the application of ezetimibe and
disulfiram enhanced calcium ion uptake into mitochondria
via the sarcoplasmic reticulum, improving mitochondrial
function. This restored cellular energy metabolism and
electrophysiological stability, and significantly reduced the
frequency and duration of AF [53]. However, the cytotoxic-
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ity of these agents at high doses remains a concern, and their
safety requires further evaluation. Therefore, while ezetim-
ibe and disulfiram have been identified as effective AF in-
hibitors in preliminary work, more evidence is needed.

The novel exercise factor β-aminoisobutyric acid
(BAIBA): In obese mouse models, BAIBA significantly at-
tenuated atrial structural changes such as myocardial fibro-
sis and hypertrophy through the dual mechanisms of AMPK
signaling pathway activation and improvement in insulin
sensitivity. This effectively prevented or delayed the on-
set of AF [54]. However, BAIBA has not been validated
in human models, and its long-term effects remain unclear,
requiring further investigation.

Long non-coding RNA (lncRNA) H19: This lncRNA
is crucial for metabolic regulation, and its expression is sig-
nificantly upregulated in the obese state. It regulates the
Pink1/Parkin signaling pathway, promoting the autophagy
of damaged mitochondria, preventing cellular damage, and
reducing oxidative stress and inflammation, thus effectively
lowering the risk of arrhythmias such as AF [55]. While
lncRNA H19 may play a protective role in the heart, this
research remains at the animal experimental stage, and the
underlying mechanisms have yet to be fully elucidated.

5.2.5 Pharmacological Efficacy in Obesity
Obesity affects the absorption, excretion, pharmacoki-

netics, and pharmacodynamics of various anticoagulants.
Increased body fat due to obesity may affect warfarin’s vol-
ume of distribution, necessitating dosage increases to en-
sure its effectiveness.

A meta-analysis of 89,494 patients with obesity and
AF found that novel direct oral anticoagulants (DOACs)
such as dabigatran, rivaroxaban, apixaban, and edoxaban
were associated with lower risks of stroke and major bleed-
ing [56], while also showing improved adherence [15] com-
pared with warfarin. In subgroup analyses, rivaroxaban and
especially apixaban demonstrated better efficacy and safety
compared to warfarin. Dabigatran was superior to warfarin
only in terms of safety outcomes and required consideration
of renal function [57]. Therefore, apixaban appears to have
a relative advantage for anticoagulation therapy in patients
with obesity and AF.

Beyond the comparative efficacy between DOACs
and warfarin, the specific question of whether standard
dosing applies to patients with morbid obesity (BMI ≥40
kg/m2 or weight ≥120 kg) warrants careful consideration.
A comprehensive review by Zhao et al. [58] systemati-
cally synthesized available pharmacokinetic/pharmacody-
namic and clinical data on DOACs in this population, pro-
viding drug‑specific guidance on whether standard dosing
is appropriate. For apixaban and rivaroxaban, standard dos-
ing is effective and safe for both venous thromboembolism
(VTE) and AF patients with morbid obesity, as body weight
has only amodest or minor influence on drug exposure [58].
For edoxaban, standard dosing may be considered in AF

patients, given that trough concentrations and anti‑Xa ac-
tivity appear to be similar across BMI groups. However,
data are still lacking for VTE treatment, and its use should
be avoided for this indication [58]. Although the use of
dabigatran is effective for stroke prevention in AF patients
with morbid obesity, pharmacokinetic data show an inverse
relationship between body weight and trough concentra-
tions [58]. Furthermore, clinical studies have reported an
increased risk of gastrointestinal bleeding, and therefore it
should be used with caution. These findings are consis-
tent with the 2023ACC/AHA/ACCP/HRS atrial fibrillation
guideline, which supports the use of DOACs over warfarin
in patients with AF and class III obesity (BMI ≥40 kg/m2)
[59].

Obesity exacerbates the difficulty of controlling heart
rate, and beta-blockers are commonly used to slow the heart
rate in AF patients [60]. A study on diltiazem showed that
patients with obesity required higher therapeutic doses to
achieve optimal control of heart rate [61]. Thus, obesity
increases the difficulty of heart rate control in AF patients.

5.3 Catheter Ablation

Catheter ablation is an effective rhythm-control strat-
egy for AF [47], with primary endpoint analysis showing
the 1-year AF-free survival rate was significantly higher in
the catheter ablation group than in the combination therapy
group (73.0% vs 34.6%). In patients with obesity and AF,
catheter ablation carries a significantly higher risk of fail-
ure, primarily due to the presence of epicardial fat accumu-
lation, inflammation, and atrial fibrosis, creating a substrate
that is conducive to the initiation of AF, but suboptimal for
ablation [62]. These patients are also at high risk of devel-
oping stiff left atrial syndrome, which occurs in approxi-
mately 10% of the general ablation population. The proce-
dure itself can lead to scar formation replacing up to 30–
35% of the left atrial wall, and may cause short-term wors-
ening of heart failure in 15–30%of patients [62]. Therefore,
proactive weight loss is a cornerstone strategy for improv-
ing atrial substrate, enhancing ablation efficacy, and reduc-
ing procedural risks [62]. In clinical practice, the recom-
mendation is to integrate catheter ablation with structured
lifestyle intervention and individualized treatment strate-
gies, thereby achieving the dual goals of arrhythmia control
and systemic improvement of metabolic risk (Table 2, Ref.
[47,48,50,51,52,53,54]).

These observations have prompted large-scale studies
to systematically evaluate the safety and efficacy of catheter
ablation across the full spectrum of obesity categories. A
meta-analysis byWong et al. [63], encompassing 51 studies
and 626,603 individuals, found a dose-response relation-
ship between BMI and post-ablation AF recurrence, with
a 13% greater risk for every 5-unit increase in BMI. Tabaja
et al. [64] further evaluated 5841 patients and reported that
major procedural complications were low (1.5%) across all
BMI groups. However, class III obesity (BMI ≥40 kg/m2)
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Table 2. Management of obesity-related atrial fibrillation.
Clinical
evidence
level

Intervention Rationale Notes Reference

Established Lifestyle (weight loss) PRAGUE-25: 6.4 kg weight loss with
significant metabolic benefits, although
inferior to ablation for rhythm control at 1

year.

Cornerstone cardiometabolic
therapy; essential adjunct to ablation.

[47]

Established Catheter ablation Eliminates pulmonary vein triggers.
PRAGUE-25 study: superior to drug/
lifestyle therapy in patients with obesity
(AF-free survival: 73.0% vs 34.6%).

Effective rhythm control.
Success depends on concomitant

weight management.

[47]

Preclinical Metformin Activates AMPK, reduces epicardial
adipose tissue inflammation.

Preclinical studies confirm reduced AF
susceptibility.

Pleiotropic agent.
Should be prioritized for patients
with insulin resistance/diabetes.

[48]

Established GLP-1 RAs
(e.g., Semaglutide)

Potent weight loss, direct cardioprotection.
Significant weight reduction and improved

cardiac outcomes.

Transformative therapy. Targets the
root cause (obesity). Monitor heart

rate.

[50]

Established SGLT2is
(e.g., Empagliflozin)

Weight loss, hemodynamic improvement.
≥5% weight loss → lower risk of new-onset

AF.

Established cardiovascular benefits.
AF protection is linked to weight

loss.

[51]

Preclinical NAD+ precursors
(e.g., NR)

Improves energy/redox balance.
Preclinical studies show shortened AF

duration.

Metabolic target.
Preclinical stage.

[52]

Preclinical Mitochondrial
modulators (e.g.,

Ezetimibe)

Enhances mitochondrial Ca2+ uptake.
Preclinical studies show anti-arrhythmic

effects.

Drug repurposing. Awaiting clinical
validation.

[53]

Preclinical β-aminoisobutyric acid Activates AMPK, anti-fibrotic. Prevents
AF in preclinical studies.

Exercise mimetic. Promising, but not
yet in clinical trials.

[54]

This table outlines a stratified, multi-target management strategy for obesity-related AF. Lifestyle intervention for weight loss is the indispens-
able foundation of all therapy. Catheter ablation is an effective rhythm-control procedure, and its success in patients with obesity is enhanced by
concurrent weight management. Pharmacotherapy should prioritize agents offering dual benefits of weight loss and cardiometabolic improve-
ment (e.g., GLP-1 RAs, SGLT2is). Investigational strategies represent novel therapeutic targets, which are still primarily in the preclinical
stage. Abbreviations: AF, atrial fibrillation; AMPK, AMP-activated protein kinase; GLP-1 RAs, glucagon-like peptide-1 receptor agonists;
NR, nicotinamide riboside; SGLT2is, sodium-glucose cotransporter 2 inhibitors.

was independently associated with a 30% increased risk of
AF recurrence at 3 years (HR 1.30, 95% CI 1.06–1.60),
with the recurrence rate reaching 48% inmorbidly obese pa-
tients compared with approximately 35% in normal weight
and class I obesity groups [64]. The safety of AF ablation
across all obesity categories was further confirmed by Bar-
Moshe et al. [65], who reported low and comparable peri-
procedural complication rates between groups. Notably,
Ciconte et al. [66] demonstrated that metabolic therapy as
an adjunct can improve ablation outcomes—in patients with
obesity and paroxysmal AF, semaglutide therapy was as-
sociated with significantly higher 18-month freedom from
recurrence (80.2% vs 65.2%, HR 0.52, 95% CI 0.34–0.78)
and substantial weight reduction (–11.8 kg vs –1.9 kg). Col-
lectively, these findings reinforce that catheter ablation is
safe in patients with obesity, with complication rates com-
parable to those in non-obese individuals. Nevertheless, its

efficacy is attenuated by higher BMI and can be enhanced
by concomitant weight management and metabolic therapy.

6. Conclusions
Obesity significantly increases the risk of AF through

multiple mechanisms, including structural remodel-
ing, electrical remodeling, and autonomic dysfunction.
Lifestyle modification and sustained weight management
are core components of AF management and substantial
weight loss forms an indispensable foundation of therapy.
Pharmacological strategies must be adapted to the individ-
ual, and caution is advised with sodium channel blockers.
Antiarrhythmic agents that are less affected by obesity,
and medications with dual cardiometabolic benefits (e.g.,
SGLT2 inhibitors, GLP-1 receptor agonists) should be
prioritized where appropriate. Catheter ablation should be
integrated with sustained weight management, and DOACs
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are preferred for stroke prevention. Obesity necessitates a
shift in AF care, focusing on personalized treatment plans
that address its root causes rather than a one-size-fits-all
approach to improve therapeutic efficacy and safety.

Thus, a personalized, multi-targeted approach that ad-
dresses obesity is essential for improving outcomes. Future
research should further clarify the hierarchy of pathogenic
mechanisms and validate integrated management strategies
within this population.
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