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The association between adipokines dysregulation and the 
occurrence of atrial fibrillation and obese patients, is it relevant?
La asociación entre la desregulación de adipocinas y el desarrollo de la fibrilación 
auricular en pacientes obesos, ¿es realmente relevante?
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Abstract
Atrial fibrillation (AF) is the most common arrhythmia, affecting approximately 33.5 millions of people worldwide. Unfortunately, 
the prevalence of this arrhythmia will increase within the following two decades, resulting in a higher mortality rate and a 
higher economic burden for public health services. Obesity, specifically central obesity, plays an essential role in developing 
AF by increasing pericardial fat and epicardial adipose tissue thickness, generating a chronic inflammation state where dys-
regulation of the serum concentration of several proinflammatory proteins occurs and indirectly promotes AF. Therefore, recent 
research has focused on analyzing the circulating concentration of different molecules, including pro and anti-inflammatory 
adipokines, and their association with AF. Herein, we review several studies addressing the association of adipokines with 
the onset or recurrence of AF to establish such association as a potential biomarker for the prevention or adequate treatment 
of this arrhythmia. We concluded that the insight into this topic is very controversial and needs further research.
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Resumen
La fibrilación auricular (FA) es la arritmia más común, la cual afecta aproximadamente al 33.5 millones de la población mun-
dial. Desafortunadamente esta prevalencia aumentará en las próximas dos décadas, lo que resultará en una mayor tasa de 
mortalidad y una mayor carga económica para los sistemas de salud pública. La obesidad, específicamente la obesidad 
central, juega un papel esencial en el desarrollo de la fibrilación auricular, al aumentar tanto el volumen de grasa pericárdica 
como el grosor de la grasa epicárdica, lo que contribuye a generar un estado de inflamación crónica donde se produce una 
desregulación de la concentración sérica de varias proteínas proinflamatorias que indirectamente promueven la FA. Por ello, 
investigaciones recientes se han centrado en analizar la concentración circulante de diferentes moléculas, incluidas las adi-
pocinas pro y anti-inflamatorias, y su asociación con la fibrilación auricular. En este trabajo se revisan varios estudios que 
abordan la asociación de las adipocinas con la aparición o recurrencia de la fibrilación auricular para establecer dicha aso-
ciación como un potencial biomarcador para la prevención o el tratamiento adecuado de esta arritmia. Llegamos a la con-
clusión de que la información sobre este tema es controversial y requiere ahondar en su investigación.
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Introduction
Atrial fibrillation (AF) is a supraventricular arrhythmia 

characterized by a disorganized electrical atrial activity 
resulting from a dysregulation of the atria’s excitation 
process and the irregular activation of the cardiac ven-
tricles1. It is the most common cardiac arrhythmia, 
affecting 33.5 millions of individuals worldwide. Unfor-
tunately, this prevalence is increasing so much that it 
will be duplicated by 20402-4. In general, AF is a degen-
erative, progressive, and multifactorial disease, often 
associated with other cardiovascular alterations such 
as hypertension, ischemia, or structural modifications 
of the heart, increasing the risk of stroke and death. 
This arrhythmia is an electrophysiological pathology 
that presents a dynamic progression from paroxysmal 
to permanent AF, mainly because of molecular, ionic, 
and structural remodeling5.

AF and obesity
Due to its high prevalence, obesity is a severe 

global health problem (41.9%)2. Because this pathol-
ogy is closely associated with the development of AF, 
this arrhythmia is also on the rise within the obese pop-
ulation6. Specifically, pericardial fat volume increases 
the risk for this condition because it correlates with 
left atrial enlargement and electrical abnormalities7. 
Pericardial fat comprises paracardial adipose tissue 
and epicardial adipose tissue (EAT); the latter is near 
the myocardium, which enables paracrine signaling 
between EAT and the myocardium. Because EAT 
secretes different adipokines, a high-fat percent-
age  in  the epicardium could dysregulate this adipo-
kine  synthesis and promote macrophage infiltration 
within  the cardiac tissue, which in turn could predis-
pose to  the  development of AF8-11. Several studies 
pointed  out a  direct and independent association 
between EAT  abundance and the occurrence of this 
arrhythmia10,11.

Moreover, EAT can promote fibrosis within the atrial 
myocardium by synthesizing and secreting profibrotic 
factors, such as IL-6, 8, 1β, and TNF-α, as well as sev-
eral members of the transforming growth factor-β 
superfamily, as activin A which pertain fibrotic effects 
on the myocardium12-14. Likewise, the activation of 
non-canonical WNT signaling pathways promotes myo-
fibroblast and metalloproteinase activation or the 
expression of genes involved in this inflammatory pro-
cess, leading to AF15.

Association of adipokines circulating 
concentrations with the onset or 
re-emergence of AF

Adipokines are essential in different physiological 
mechanisms, including cardiovascular function16. Thus, 
adipokine dysregulation could contribute to the devel-
opment of AF. Although the precise mechanisms by 
which adipokines participate in the development of this 
arrhythmia have not been completely elucidated, sev-
eral studies have addressed this issue by describing 
the association between anti-inflammatory and proin-
flammatory adipokines and the surge of AF17.

Several studies associate adipokines, like adiponec-
tin and apelin, with cardioprotective effects against AF. 
On the contrary, other associate adipokines, like resist-
ing and lipocalin-2 or neutrophil gelatinase-associated 
lipocalin (NGAL), with the development of cardiac 
pathologies17.

Because several studies have reported contradictory 
associations between these adipokines and the pres-
ence of AF, we decided to gather information regarding 
such association under impaired metabolic conditions 
(Table 1). To write this review, we selected scientific arti-
cles related to this topic published in the PubMed data-
base of the National Library of Medicine from the 
National Center for Biotechnology Information. As search 
strategy, we employed MeSh (Medical subject headings) 
using the words adipokines and AF, plus the word review. 
No filters were applied to retrieve the articles.

Adiponectin
Adiponectin is an anti-inflammatory, anti-atherogenic, 

insulin-sensitizing adipokine vital in several metabolic 
pathways, including triggering through the adipoR1 
receptor, a specific type of T-channels (Cav3.2) within 
the trigeminal ganglion neurons responsible for the 
nociceptive behavior in mice18. This 30 kDa multimeric 
protein is mainly synthesized within white adipose tis-
sue but is also present in others, including cardiac 
tissue19. To establish the association of serum concen-
trations of four adipokines with AF or the risk of devel-
oping it, Peller et al. (2020)20 quantified baseline 
serum levels of adiponectin, leptin, resistin, and tumor 
necrosis factor-α in diabetic patients with or without 
AF.  Patients with known AF presented higher base-
line  levels of adiponectin and resistin than those with-
out  it,whereas the two groups did not differ in leptin 
and  tumor necrosis-alpha. Moreover, no significant 
association was determined between adiponectin 
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Table 1. Studies reporting an association between adipokines’ serum concentration and atrial fibrillation

Adipokine Studies reporting a positive 
association with atrial 
fibrillation

Studies reporting a negative 
association with atrial 
fibrillation

Studies reporting a non-statistically 
significant association with atrial 
fibrillation

Adiponectin Peller, et al., 2020
Ermakov, et al., 2016
Macheret, et al., 2015
Shimano, et al., 2008

Peller, et al., 2020

Apelin Ellinor, et al., 2006
Gurger, et al., 2014
Salska, et al., 2018
Bohm, et al., 2021

Kim, et al., 2020

Resistin Peller, et al., 2020
Samanidis, et al., 2020
Chang, et al., 2020
Rachwalk, et al., 2023

Muse, et al., 2015

NGAL Mlodawska, et al., 2017 Sonmez, et al., 2014

concentration and the development of AF after a 5.4-
year patient follow-up. In contrast, a study on female 
patients with controlled diabetes described the strong 
association between high adiponectin levels and the 
risk of developing AF21. Likewise, another study also 
described a strong association between high circulating 
adiponectin levels and an increased risk of AF onset in 
elderly patients without a previous diagnosis of cardio-
vascular diseases22. Moreover, following these two pre-
vious studies, Shimano et al. (2008)23 compared 
adiponectin serum levels among patients with per-
sistent or paroxysmal AF with the corresponding serum 
levels of healthy patients, stating that patients with per-
sistent AF had the highest serum levels of adiponectin, 
followed by those corresponding to patients with par-
oxysmal AF and finally those of healthy patients. The 
latter constitutes a paradox since adiponectin is con-
sidered an anti-inflammatory, insulin-sensitizing, 
anti-atherogenic adipokine; therefore, its high circulat-
ing levels are usually associated with advantageous 
health conditions. Many researchers have addressed 
this inconsistency, reaching the following conclusions: 
high serum levels of adiponectin in heart patients are 
caused by other inflammatory processes to counteract 
the damaging effects of such inflammation24. Alterna-
tively, an increase in adiponectin concentration under 
adverse health conditions could result from a deficient 
regulation of adiponectin signaling mechanism often 
observed in elderly patients25. However, the exact 
cause of adiponectin’s increase in patients with some 
pathologies under which the adiponectin concentration 
is generally low has yet to be determined.

Apelin
Apelin is considered an adipokine due to its expres-

sion within the adipose tissue; nevertheless, this pep-
tide hormone is present in various organs, including 
the  heart26. Apelin binds to a G-coupled membrane 
receptor (APJ) to trigger physiological processes such 
as homeostasis and energy metabolism27. The apelin 
receptor was isolated in 1993; later, in 1998, Tatemoto 
et al. identified an endogenous ligand for this receptor 
within the bovine stomach, naming it apelin28. The 
apelin gene translates into a prepropeptide with a 
secretory signal that, after cleavage, produces several 
active peptide forms that act on different organs on 
binding to the APJ receptor. The apelin isoforms 36 
and 13 significantly participate in the cardiovascular 
system, making apelin-13 the most potent peptide29. 
This isoform participates in several functions within the 
cardiovascular system, such as myocardial contrac-
tion, vascular  relaxation, blood pressure regulation, 
and insulin sensitivity30. On the other hand, the apelin 
receptor regulates ventricular excitability, conduction, 
contractility, and refractoriness31.

Interestingly, studies conducted on APJ knockout 
mice showed that these mice did not develop a heart 
at all, resulting in prenatal mortality32. On the contrary, 
the apelin knockout mice presented a full-term devel-
opment33. The latter suggests that the APJ receptor could 
bind to different ligands to trigger the corresponding 
mechanisms of action. In fact, in 2013, a second ligand 
for this receptor was discovered in zebrafish during its 
embryonic development. This ligand, named Elabela 
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for “epiboly late because endoderm late,” was found by 
two research groups34,35, and apelin is also involved in 
cardiovascular function36.

Because apelin participates in the action potential 
length through different ionic channels, both clinical 
and experimental studies have focused on the associ-
ation between apelin concentration and the presence 
of AF; in the clinical studies, results appeared to be 
controversial since some described a decrease in ape-
lin serum levels of patients with paroxysmal or per-
sistent AF in comparison with the levels observed in 
patients with normal sinus rhythm37-39. In contrast, other 
studies reported reduced content within the right atrial 
appendages but no difference in serum apelin concen-
tration between patients with and without AF40. Based 
on the fact that apelin negatively regulates oxidative 
stress due to elevated NAPDH oxidase activity, exper-
imental studies conducted on apelin knockout mice 
revealed that NAPDH oxidase activity increased in ape-
lin knockout mice in comparison with the activity 
observed in WT controls41; it is necessary to consider 
that while studies on animal models demonstrate that 
apelin is directly involved in preventing in situ oxidative 
stress and possibly in preventing AF, a change in apelin 
serum levels does not necessarily imply the develop-
ment or recurrence of this arrhythmia.

Resistin
Resistin is an adipokine widely associated with insu-

lin resistance and a chronic inflammatory state gener-
ated by metabolic dysregulation42. This protein comprises 
106 amino acids with a 12.5 kDa weight, whose serum 
levels increase due to different cardiac diseases, 
including EAT augmentation, which is related to ven-
tricular dysfunction and myocardial fibrosis that pro-
motes AF43,44. Nevertheless, as it occurs with the two 
adipokines mentioned above, clinical studies correlat-
ing the concentration of this adipokine with the risk of 
developing AF are contradictory. For instance, Muse et 
al. (2015)45 cataloged resistin as an independent risk 
factor for several cardiac pathologies but not for AF. On 
the contrary, Samanidis et al. (2020)46 reported that 
patients with permanent AF presented statistically 
higher resistin levels than those observed in the control 
subjects. Similarly, Chang et al. (2020)47 also observed 
a higher resistin plasma concentration in patients with 
AF compared to the concentration of this adipokine in 
healthy subjects. Moreover, these authors indicated an 
independent and statistically significant correlation of 
resistin with the recurrence of AF following catheter 

ablation. Furthermore, this study stated that plasma 
resistin was associated with other adipokines whose 
levels also increased with inflammation derived from fat 
accumulation (epicardial fat specifically) and metabolic 
dysregulation. In the same manner, to assess the rele-
vance of measuring resistin levels to predict the onset 
of AF after cardiac surgery, Rachwalik et al. (2023)48 
conducted a study in which they quantitated resistin 
concentration from perivascular adipose tissue (PVAT) 
and plasma obtained from patients who underwent cor-
onary artery bypass grafting; the results indicated a 
statistically significant correlation between high levels of 
resistin from both PVAT and plasma and the occurrence 
of AF after the surgical procedure, thus establishing 
this parameter as a possible marker for post-operative 
complications.

Lipocalin-2
Lipocalin-2, known as NGAL, is an adipokine expressed 

in various tissues. This 25 kDa protein, comprised of 198 
amino acids, participates in many physiological mecha-
nisms by binding to different ligands, including steroids, 
fatty acids, and pheromones, through its calix-like 
structure49. To date, three different isoforms or variants 
of the lipocalin-2 protein have been characterized; 
moreover, the concentration within serum and plasma 
of these three isoforms (hLcn2, C87A, and R81E) is 
associated with the risk of developing cardiometabolic 
alterations, while an increment in the urine levels of all 
variants relates to renal dysfunction50. Therefore, this 
adipokine is a biomarker for diagnosing and predicting 
outcomes in metabolic and kidney diseases. Its cova-
lent binding identified it to the matrix metalloprotease-9 
(MMP-9) in human neutrophils51. Numerous scientific 
reports referred to NGAL as an anti-inflammatory adi-
pokine whose circulating levels tend to increase during 
a pathological process52,53. In this regard, different 
studies have reported the correlation of serum, plasma, 
and urine levels of lipocalin-2 with metabolic, immune, 
and cardiac disorders49. Within the latter, several 
researchers reported the association between the rise 
of circulating NGAL levels and the occurrence of AF 
but as a comorbidity to chronic heart failure or renal 
dysfunction54,55. Unfortunately, there are few studies 
describing its direct association with the occurrence of 
AF; in 2014, Sonmez et al., to associate new markers 
with the presence of AF, measured circulating levels of 
NGAL, Galectin-3, matrix metalloproteinase-9, N-termi-
nal propeptide of Type  III procollagen, Hs-Crp, and 
neutrophil-to-lymphocyte ratio and found that NGAL 
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concentration was the only one neither elevated nor 
statistically correlated with the presence of non-valvular 
AF56. In contrast, Mlodawska et al. (2017)57 reported 
the increment of the MMP-9/NGAL complex as a prom-
ising biomarker to predict the recurrence of AF in obese 
patients who underwent successful cardioversions. The 
main difference between these two studies was the 
BMI within the population study.

Conclusions
AF is the most common arrhythmia affecting millions 

of people worldwide. One of the main factors involved 
in the pathogenesis of AF is the presence of pericar-
dial fat, which produces the dysregulation of pro and 
anti-inflammatory adipokines, whose alteration con-
tributes to the structural remodeling and promotion of 
fibrosis within the myocardial atrium. Because fibrosis 
promotes AF, it is considered a prognostic factor for 
the emergence of AF or its progression and recur-
rence after pulmonary vein isolation. However, some-
times, the degree of fibrosis does not coincide with 
the state of AF; for example, there are patients with 
paroxysmal AF with a high degree of atrial fibrosis, 
and on the contrary, there are patients with persistent 
AF with a low degree of atrial fibrosis. Therefore, look-
ing for early markers and associating them with the 
disease can help in the best selection of patients and 
the ideal time for catheter ablation since early ablation 
is also associated with interruption in the progression 
of fibrosis and AF. Unfortunately, to this day, the 
insight into this topic is very controversial and needs 
further research.
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