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Abstract 

Background:  The adipokines, secreted from adipose tissue or body fats, are also called adipocytokines which are 
cytokines, cell signaling proteins or cell–cell communication. However, AF is a common cardiac arrhythmia in which 
the heart beats so fast by abnormal beating and is a serious public health disease associated with increased heart 
failure, systemic thromboembolism, and death. Adipokines are cardiovascular disease (CVD) mediators or biomark-
ers that affect the heart as well as blood vessels, by increasing the cardiac contractility and action potential duration, 
which result in the extent of left ventricular and atrial remodeling.

Main body:  Google Scholar, PubMed, and science direct were used to review the literature. Many keywords were 
used for searching the literature such as Adipokines, Leptin, Apelin, Adiponectin, Omentin-1, Chemerin, CTRP3, TNF-α, 
IL-6, IL-10, and AF. According to the literature, much more data are available for numerous adipokines, but this review 
article only has taken few major adipokines which played their major role in Atrial Fibrillation. The review article did 
not limit the time frame.

Conclusion:  In conclusion, adipokines play a significant role in the development and progress of atrial fibrillation. 
Also, there are major adipokines such as adiponectin, apelin, C1q/TNF-Related Protein 3 (CTRP3), Chemerin, Omen-
tin-1, interleukin-6, Leptin, TNF-α, resistin, and interleukin-10, which played their pathophysiological role in atrial fibril-
lation by causing cardiac hypertrophy, increasing the cardiac contractility and action potential duration, atrial fibrosis, 
electrical and structural remodeling of atrial tissue.

Keywords:  Adiponectin, Apelin, C1q/TNF-Related Protein 3, Chemerin, Omentin-1, Interleukin-6, Leptin, TNF-α, 
Resistin, Interleukin-10
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Background
The adipokines, secreted from adipose tissue or body 
fats, are also called adipocytokines which are cytokines, 
cell signaling proteins or cell–cell communication. Lep-
tin was the first adipokine that was discovered in 1994. 
Afterward, numerous adipokines have been discovered 
[1, 2]. Adipokines are also known as a growth factor, hor-
mones, cytokines as well as angiogenic factors. In addi-
tion, most studied adipokines include monocytes, leptin, 

interleukin-6 (IL-6), TNF, interleukin 1 beta (IL-1β), adi-
ponectin, interleukin-10 (IL-10), macrophage chemot-
actic protein-1, resistin, and transforming growth factor 
beta (TGF-β) [3, 4].

AF is a common cardiac arrhythmia in which the heart 
beats so fast by abnormal beating that is a serious public 
health disease and associated with increased heart fail-
ure, systemic thromboembolism, and death [5].

There are many aspects of AF pathophysiology involved 
in AF development including inflammatory factors, 
effects of the autonomic nervous system, atrial remod-
eling, and oxidative stress. Moreover, it increases the risk 
of morbidity, stroke, and disability. In the myocardium, 
structural and electrical remodeling is the primary cause 
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of AF. Furthermore, atrial fibrosis is the excessive accu-
mulation of extracellular matrix (ECM) in the atrium 
which is the trademark of structural remodeling. Also, 
several atrial fibrosis might cause paroxysmal AF to 
become permanent AF and even can reduce the effective-
ness of antiarrhythmic therapy [6, 7].

Adipokines are produced from adipose tissues, which 
are considered endocrine organs involved in cardiovas-
cular function causing electrophysiological effects such 
as ionic profiles, contractility in the atrium, and change 
in morphology of action potential. Also, adipokines are 
involved in cardioprotective effects including apelin, adi-
ponectin, and omentin-1; however, adipokines that are 
involved in predisposing to cardiotoxicity are chemerin, 
resistin, and visfatin [8, 9].

In addition, adipokines are cardiovascular disease 
(CVD) mediators or biomarkers that affect the heart 
as well as blood vessels, by increasing the cardiac con-
tractility and action potential duration, which result in 
the extent of left ventricular and atrial remodeling. In 
chronic AF, patients were found to have a higher level of 
adiponectin than the level of related collagen type 1 deg-
radation marker. Moreover, atrial structural remodeling 
happens due to the activation of fibrosis as fibrotic scar-
ring and fibroblasts [10, 11].

The current review article focuses on the basic role 
of few adipokines associated with Atrial Fibrillation. 
In particular, the role of pathophysiological pathways/
mechanisms of AF ultimately linked to adipokines. There 
are numerous adipokines; however, our review article 
emphases only on adiponectin, apelin, C1q/TNF-Related 
Protein 3 (CTRP3), Chemerin, Omentin-1, interleukin-6, 
Leptin,  TNF-α, resistin, interleukin-10 and their patho-
physiological role in Atrial Fibrillation. Finally, we pro-
vide an outlook on the recent pathophysiological role of 
few adipokines in Atrial Fibrillation.

Google Scholar, PubMed, and science direct were used 
to review the literature. Many keywords were used for 
searching the literature such as Adipokines, Leptin, Ape-
lin, Adiponectin, Omentin-1, Chemerin, CTRP3, TNF-
α, IL-6, IL-10, and AF. According to the literature, much 
more data are available for numerous adipokines, but our 
study only has taken few major adipokines which played 
their major role in Atrial Fibrillation. Our review article 
did not limit the time frame.

Main text
There are many adipokines; however, this review article 
has discussed only major adipokines such as adiponectin, 
apelin, C1q/TNF-Related Protein 3 (CTRP3), Chemerin, 
Omentin-1, interleukin-6, Leptin, TNF-α, resistin, inter-
leukin-10, which played their pathophysiological role in 
Atrial Fibrillation as explained in Table 1.

Adiponectin
Adipose tissues, which are important adipokines as well 
as a protein hormone, that secrete adiponectin and also 
are encoded in humans on the ADIPOQ gene which is 
found in the liver, muscles, placenta in pregnant women, 
and brain. It prevents fat accumulation and regulates glu-
cose [12–14]. Moreover, vasodilation, insulin sensitiza-
tion, anti-atherogenesis, and lipid oxidation enrichment 
are few functions played by adiponectin. In kidneys, it 
plays a different role by preventing renal arteries from 
degradation, improving filtration, and reducing protein 
excretion range. Then, these functions are completed 
with the help of regulating anabolic pathways and renal 
tissues which reduce the oxidative stress level. It is a 
beneficial target for several metabolic diseases such as 
insulin resistance, oxidative stress, obesity, and hyperten-
sion. Furthermore, Adiponectin improves vascular func-
tion and avoids the progress of atherosclerosis, and also 
inflammatory processes are prevented [15–17].

According to the previous studies, it might be hypoth-
esized that the link between AF and adiponectin could be 
age as well as gender-dependent. In addition, the most 
important pathogenetic factors are autonomic, atrial 
remodeling, and inflammation for atrial fibrillation [18–
20]. Zhu et al. (2021) also found that serum adiponectin 
was associated with the markers of cardiac autonomic, 
inflammation as well as cardiac remodeling. Moreover, 
subsequent multivariate analysis showed a significant 
independent link between elevated adiponectin levels 
and atrial fibrillation in the overall participants [21].

In addition, Kourliouros et  al. also explained that a 
greater inflammation environment could provide a sub-
strate for the development of arrhythmia. Also, elevated 
epicardial adipose tissue (EAT) levels of adiponectin are 
related to a lowered risk of developing postoperative 
atrial fibrillation in subjects undergoing cardiac surgery 
[22]. Additionally, Kusayama et  al. study had revealed 
that inflammation of EAT around the left atrial has been 
associated with the presence of paroxysmal atrial fibrilla-
tion which had determined by elevated density in com-
puted tomography images [23].

In atrial fibrillation-related structural remodeling, the 
predominant pathologic abnormality is the atrial fibrosis 
and also clinical significance has a degree of fibrosis. Epi-
cardial fat is a metabolically active tissue that generates a 
variety of bioactive molecules including TNF-α and adi-
ponectin which can be the key mediators of atrial fibrosis 
as well as structural remodeling [22, 24–27].

Bilovol et  al. reported that adiponectin involvement 
in cardiac remodeling including direct action on the 
cardiac muscle, vascular inflammation, atherogenesis, 
and also the indirect action on the endothelial func-
tion. Adiponectin influences the functioning of the heart 
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through central nervous system when adiponectin enters 
through the blood–brain barrier. Adipocytokine imbal-
ance including a lower level of adiponectin which results 
in the development of hyperinsulinemia, dyslipidemia, 
endothelial dysfunction, fibrosis, abdominal obesity, arte-
rial hypertension, impaired glucose tolerance, and atrial 
fibrillation [28]. Moreover, Macheret et  al. reported the 
significant association between raised adiponectin lev-
els and increased occurrence of atrial fibrillation among 

grown-up adults [29]. Similarly, Linberg and Karas stud-
ies have shown a connection between quite high levels of 
plasma adiponectin and heart failure, coronary heart dis-
ease, and even mortality [30, 31].

Moreover, Zhu et  al. reported that in many chronic 
diseases, adiponectin causes pathogenesis due to its 
anti-inflammatory, insulin-sensitizing, and antioxidant 
effects. In the same way, recent studies also revealed 
that adiponectin is associated with an increased risk of 

Table 1  Summary of pathophysiological aspects of major adipokines in Atrial Fibrillation

Adipokines Pathophysiological aspects in AF

Adiponectin Involvement in cardiac remodeling
Atrial remodeling
Autonomic dysfunction and inflammation

Apelin Influence atrial myocytes,
Shortening the action potential,
Increased mean arterial filling pressure and cardiac contractility,
Increase in the conduction velocity,
Decrease in the field potential duration,
Changing blood pressure,
Cardiac inotropy, oxidative stress, myocardial fibrosis, and hypertrophy

CTRP3 Atrial fibrosis and structural remodeling
The thickness of the atrial septum
Myocardial remodeling

Chemerin Arterial stiffness
Carotid artery plaque instability
Atrial remodeling

Omentin-1 Atrial structural remodeling
Atrial fibrosis
Electrical atrial remodeling

Interleukin-6 Modification of the cardiac extracellular matrix and cardiac dysfunction,
Affects cell-to-cell communication between cardiac myocytes and fibroblasts,
Development of myocardial damage
The severity of left ventricular dysfunction,
Left ventricular assist device conditions,
Rapidly induces atrial electrical remodeling

Leptin Progress of atrial fibrosis and atrial fibrillation evoked by angiotensin II
Increased fibrosis,
Enhanced inflammation,
Promoting cardiac remodeling due to impaired cardiac metabolism,
Dysfunction of vascular
Ventricular hypertrophy
Increase in myocardial workload
Cardiac hypertrophy

TNF-α Contributes to hypertension,
Vascular dysfunction,
Atherosclerosis progression, and cardiac remodeling
Lower the cardiac myocytes contraction,
The marker for hypertrophy,
Ventricular remodeling,
Cardiac allograft,
Atrial fibrosis,
Atrial structural remodeling,
Atrial electrical remodeling,
Abnormal Ca2+ handling and intracellular Ca2+ overload

Resistin Chronic left ventricular myocardial damage resulting in left ventricular dysfunction
Fatty infiltration of the atrial wall

Interleukin-10 Progress of widespread and unbalanced atherosclerotic lesions
A strong link between the risk of developing atrial fibrillation and IL-10-592A/C polymorphism
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cardiovascular disease and potential markers including 
atrial fibrillation [21].

Additionally, Shimano et al. revealed that cardiovascu-
lar diseases, including cardiac arrhythmia, are the most 
common condition in which plasma adiponectin levels 
were higher in chronic AF as compared to paroxysmal AF 
and controls. They have shown that adiponectin is corre-
lated with carboxy-terminal telopeptide of collagen I, and 
collagen metabolism marker but it is not correlated with 
type II procollagen-N-peptide. However, study did not 
report the adiponectin about fainting, syncope, ventricu-
lar arrhythmia, or sudden death [10]. Similarly, previous 
studies reported that adiponectin may be associated with 
mechanisms for pathogenetic factors for AF including 
atrial remodeling, autonomic dysfunction, and inflamma-
tion. Also, Ybarra et al. found that left atrial size was neg-
atively associated with adiponectin which could prevent 
atrial interstitial fibrosis, and contrary atrial remodeling 
[32].

Apelin
Apelin is considered to be the adipokines, bioactive 
mediators, which are produced and secreted from adi-
pose tissues. Tatemoto et al. firstly isolated Apelin from 
the bovine stomach in 1998 naming it after APJ endog-
enous ligand, a novel peptide, which has been recognized 
on human APJ orphan receptor. Apelin is synthesized as 
a preproprotein that is cleaved through N-terminal prote-
olysis to generate many mature biologically active forms 
including apelin-12, apelin-13, apelin-16, apelin-17, and 
apelin-36. Furthermore, apelin may play role in the physi-
ology and pathophysiology of the cardiovascular system, 
while it is highly expressed in vascular smooth muscle 
cells, cardiomyocytes, and endothelial cells. Apelin has 
high expression in the heart atrium and also has multi-
ple functions within cardiovascular homeostasis affecting 
vascular tone, angiogenesis, body fluid homeostasis or 
acts as a positive inotropic factor [33].

Moreover, apelin plays a role in the pathophysiology of 
diabetes mellitus, obesity, and atherosclerosis that may 
affect many metabolic pathways, including carbohydrate 
metabolism, where the apelin or APJ system is interde-
pendent with insulin [34]. Similarly, in vitro on an animal 
model, apelin influences the electrophysiological func-
tion of atrial myocytes and shortening the action poten-
tial [35]. Further, Szokodi et  al. revealed that apelin-16 
is an active form of apelin that increased mean arterial 
filling pressure, cardiac contractility in the isolated per-
fused rat heart through stimulation of Ca2+ influx, and 
activation of phospholipase C systems. The reduction 
of intra-atrial pressure may improve the physical char-
acteristics of atria and decrease pulmonary vein ectopic 
electrical activity, thereby exerting potent vasodilator and 

positive inotropic activities leading to an increase in the 
conduction velocity and a decrease in the field potential 
duration in vitro neonatal cardiomyocytes—all of which 
have been proved to be important mechanisms underly-
ing the pathogenesis and progression of AF. These pro-
tective effects of apelin may be the mechanisms involved 
in increased serum apelin at baseline, which may be used 
to predict favorable outcomes after Pulmonary vein isola-
tion (PVI) procedures [36, 37].

Furthermore, Kim  et al. study has shown that  Apelin 
played role in angiogenesis, development of new blood 
vessels, and cardiac development that influences cardio-
vascular physiology by provoking the renin–angiotensin–
aldosterone system, changing blood pressure, cardiac 
inotropy, oxidative stress, myocardial fibrosis, and hyper-
trophy. On the other hand, APJ receptors involved 
directly regulate ventricular excitability, refractoriness, 
contractility, conduction in association with ampli-
fied cardiac peak sodium current and reduced recovery 
from inactivation. Interestingly, Apelin has a role in the 
regulation of atrial electrophysiology by 200-fold immu-
noreactivity greater in atrial than ventricular tissue. The 
level of apelin is reduced in patients with lone AF as in 
supraventricular arrhythmias and apelin plasma levels 
predict atrial arrhythmia recurrence. Moreover, it might 
have benefits in treating atrial arrhythmias. Earlier, AF 
patients found to be linked to decreased levels of apelin 
which have oxidative stress as well as have high atrial 
NADPH (nicotinamide adenine dinucleotide phosphate) 
oxidase activity and oxidative stress, which has been 
linked to a decreased level of apelin [38].

C1q/TNF‑Related Protein 3 (CTRP3)
Complement C1q tumor necrosis factor-related protein 3 
is also denoted as CTRP3, new adipokine as well as the 
cluster of active endocrine cytokines, which is secreted 
by adipocytes [39]. CTRP3 is homology with adiponec-
tin, a newly discovered adipokine, which has played role 
in energy metabolism as well as cardiovascular function. 
CTRP3 has performed the regulatory function of endo-
crine secretion, immune and inflammatory responses, 
glycolipid metabolism, vascular calcification, ventricular 
remodeling, mitochondrial biosynthesis, and angiogen-
esis [40, 41, 42].

Similarly, Kourliouros and Shin have shown that epi-
cardial adipose tissue has involved in atrial fibrosis and 
structural remodeling which is caused due to secretion 
of a variety of inflammatory factors as well as adipokines 
[22, 43].

CTRP3 and adiponectin are structurally similar while 
adiponectin is involved with AF through various inflam-
mation factors. Furthermore, Shin et  al. study has been 
conducted to explain the level of adiponectin in AF 
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patients which were independently associated with adi-
pose tissue and thickness of atrial septum that also inde-
pendently linked to the volume of the left atrium and 
atrial remodeling found to be ultimately linked to adi-
ponectin [43]. In addition, Hou et al. study also reported 
that CTRP3 is similar to adiponectin which has been 
identified to take part in myocardial remodeling with the 
functions of anti-apoptosis and antiinflammation [42].

Furthermore, Chen et  al. study found that the plasma 
CTRP3 levels were significantly lower in the atrial fibril-
lation group as compared to the control group. Moreover, 
persistent AF patients have lower plasma CTRP3 concen-
trations than paroxysmal AF patients. It was speculated 
that plasma CTRP3 might be involved in the develop-
ment of AF; however, the underlying mechanism is still 
unclear which needs further research [7].

Chemerin
Chemerin is produced in adipose tissue and liver, which 
is also known as tazarotene-induced gene 2 or reti-
noic acid receptor responder protein 2. The severity 
of coronary atherosclerosis and the higher prevalence 
of coronary artery disease were linked to the circulat-
ing concentration of chemerin. Also, arterial stiffness 
and carotid artery plague instability were independently 
related to the higher concentration of chemerin. Also, 
higher risk of cardiovascular events led to higher con-
centration of chemerin. Consequently, the lower risk of 
Heart Failure and chemerin has been identified [44].

In addition, there was a significantly higher relationship 
between serum chemerin concentration with atrial fibril-
lation patients as compared to the healthy control group, 
and also in subgroup studies, higher serum chemerin 
concentration was present with permanent atrial fibril-
lation as compared to those with paroxysmal and persis-
tent atrial fibrillation. Besides, persistent atrial fibrillation 
patients had significantly higher serum concentrations 
of chemerin as compared to paroxysmal AF subjects. 
Logistic regression analysis had shown the association 
of serum chemerin concentration with the presence of 
atrial fibrillation. In addition, Pearson correlation analysis 
reported a positive relation of serum concentrations with 
diastolic blood pressure, body mass index (BMI), systolic 
blood pressure, blood urea nitrogen, left atrial diameter, 
C-reactive protein, triglycerides, low-density lipoprotein 
cholesterol (LDL-C), and creatinine. As a result, they 
showed an association of serum chemerin concentration 
with atrial remodeling [45].

Omentin‑1
Omentin-1 is a novel adipokine, expressed in omen-
tal adipose tissue, is also newly identified as 34 KDa 
adipokine called intelectin-1 and is present in plasma 

abundantly. There are many physiological processes in 
which omentin-1 plays role in insulin action, inflamma-
tory response, and cardiovascular function. Similarly, 
many studies have reported that omentin-1 in human 
endothelial cells inhibit tumor necrosis factor-induced 
vascular inflammation and also might change insulin 
sensitivity. On the contrary, one of the recent studies has 
revealed that omentin-1 also has played a protective role 
against vascular calcification. However, clinical studies 
have demonstrated that obesity and insulin resistance 
were inversely correlated with omentin-1 levels. Further-
more, Tao et al. study has reported that AF development 
and atrial structural remodeling were inversely correlated 
with the serum level of omentin-1 [46], while the exact 
mechanism is still unknown that explains how omentin-1 
regulates atrial fibrosis. However, a study was conducted 
to analyze epicardial adipose tissue (EAT) structure, and 
transforming growth factor beta 1 in epicardial adipose 
tissue and right atrial appendages. They investigated the 
expression levels of omentin-1 also explained the down-
regulation of omentin-1 in patients with AF and explore 
the roles of omentin-1 in atrial fibrosis [47].

Omentin-1 has been negatively correlated with heart 
failure and hypertension and also has a role in anti-
inflammatory effects. Otherwise, chemerin and resistin 
could be associated with AF by inflammatory pathways 
including thrombogenesis, structural atrial remodeling, 
and electrical atrial remodeling. Chemerin and resistin 
both were increased; on the other hand, omentin-1 con-
centration was decreased in the AF group. However, it 
was not statistical significant [48–50].

Interleukin‑6
Interleukin-6 is a group of cytokines that are small pro-
teins for cell signaling and plays a role as an anti-inflam-
matory myokine which are released from myocytes, a 
pro-inflammatory cytokine, and as a natural inflam-
matory response. It produces a response to tissue dam-
age and infections in the body. Many cells produce this 
cytokine such as mast cells, vascular endothelial cells, 
dendritic cells, fibroblasts, T and B cells, mesangial cells, 
and keratinocytes. Moreover, interleukin-6 is coded by 
the IL6 gene in humans [51–53].

Additionally, IL-6 is known as a remodeling biomarker 
because changing concentration of interleukin-6 was 
linked with modification of the cardiac extracellular 
matrix and cardiac dysfunction in which IL-6 directly 
affects cell-to-cell communication between cardiac myo-
cytes and fibroblasts. IL-6 is a self-determining inflam-
matory biomarker that gives opposing consequences in 
heart failure patients [54]. Furthermore, elevated circu-
lating level of interleukin-6 has been reported in several 
studies that promote the development of myocardial 
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damage, dysfunction in congestive heart failure, allograft 
rejection, the severity of left ventricular dysfunction, left 
ventricular assist device conditions, myocarditis, and car-
diomyopathy [55].

Also, Wu et  al. reported, in a recent meta-analysis in 
the general population, a greater risk of AF linked to a 
higher blood level of IL-6. However, AF recurrence risks 
were increased and associated with elevated serum IL-6 
level, after electrical cardioversion and catheter ablation 
[56].

Further, Conway et al. revealed that stroke, even death, 
was independently related to elevated serum IL-6 levels. 
Additionally, another study demonstrated that independ-
ent association of serum IL-6 levels with permanent/
paroxysmal AF patients resulted in adverse events and 
mortality [57]. Then, Marcus et  al. further reported 
that AF patients with verse without previous AF epi-
sodes, serum CRP and IL-6 levels were similar, but when 
the blood samples were taken during AF, the level was 
noticed to be significantly increased [58]. Also, Lazzer-
ini et al. reported that increased risk of atrial fibrillation 
has been observed during active inflammatory processes 
caused by changes in systemic inflammatory activation 
via elevation level of interleukin-6 and downregulation 
cardiac connexins. In the end, rapidly induces atrial elec-
trical remodeling [59].

Leptin
In 1994, leptin was first identified and cloned. It is an 
adipokine and a product of the human leptin gene of 
167-amino-acid that is secreted and synthesized in white 
adipose cells and positively correlated to the amount of 
body fat [60–62]. Also, Leptin is produced in the pla-
centa in pregnant women, cardiomyocytes, and vascular 
smooth muscle cells. Function leptin receptor is found in 
the hypothalamus but also found in other organs of the 
body like liver, heart, and brain vasculature, endothelium 
of heart, smooth muscle pancreases, kidney, and myome-
trium [63].

Then, Lin et  al. reported that LA electrophysiological 
characteristics and calcium homeostasis have been reg-
ulated by leptin that reduces the effect of isoproterenol-
induced arrhythmogenesis and also has an advantageous 
role in the pathophysiology of atrial arrhythmogenesis 
[64]. In addition, Fukui et  al. reported for the first time 
that leptin signaling was important for the progress of 
atrial fibrosis and atrial fibrillation evoked by angio-
tensin II [65]. Furthermore, Poetsch et  al. revealed that 
adverse effects of leptin resistance and leptin signaling 
deficiency in the cardiovascular system are caused by the 
heart’s response to a stress condition, increased fibrosis, 
enhanced inflammation, promoting cardiac remodeling 

due to impaired cardiac metabolism, and dysfunction of 
vascular [66].

Further, Wallace et  al. studied that leptin concentra-
tions were increased in patients with heart diseases 
including congestive heart failure and ischemic heart 
disease [67]. In addition, Sader et  al. [68] demonstrated 
a novel association of leptin with ventricular hypertro-
phy, obesity, diabetes, and cardiovascular risks.  Lep-
tin is a cooperative manner with obesity, inflammation, 
hyperglycemia, and oxidative stress, which resulted in the 
development and progression of cardiovascular diseases 
[69].

Tsai and Jen-Pi’s study [70] has shown a positive cor-
relation between the elevation level of plasma leptin lev-
els with the total number of stenotic coronary arteries in 
coronary artery disease patients. Further, Bobbert et  al. 
study reported that dilated cardiomyopathy patients have 
a high level of leptin which is used as a biomarker for the 
development of heart failure [71].

Similarly, diabetic cardiomyopathy has no symptoms 
in the very early stages when it is progressed to result in 
reduced ejection fraction, left ventricular diastolic dys-
function, increased interstitial fibrosis, and left ventricu-
lar hypertrophy [72, 73]. Blood pressure and heart rate 
are increased by leptin mediation which may provoke 
an increase in myocardial workload by the sympathetic 
nervous system that results in cardiac hypertrophy [74].

Tumor necrosis factor‑alpha
TNF-α is synthesized mainly by macrophages and mono-
cytes. It is a glycoprotein peptide hormone that consisted 
of 185 amino acids. It is a pleiotropic pro-inflammatory 
molecule and its expression is up regulated in a variety of 
cardiovascular disease settings [75].

Further, TNF-α is a pro-inflammatory cytokine which 
means cell signaling protein and is used by the immune 
system. In the case of infection, macrophages and mono-
cytes activate the TNF which leads to inflammation and 
injuries. Tumor necrosis factor-alpha has two receptors. 
TNFR1 expresses on most cell types which lead to apop-
totic and pro-inflammatory signaling, while TNFR2 con-
fines to epithelial, endothelial, and subsets of immune 
cells, and signaling is anti-inflammatory, encouraging cell 
proliferation, and wound healing [76–78].

Further, Chen et  al. confirmed that atrial fibrosis has 
been caused due to the higher level of tumor necrosis 
factor-alpha in patients with permanent atrial fibrillation 
as compared to those in patients with sinus rhythm (SR) 
[79].

In addition, atrial fibrosis gives rise to the vulner-
able tissue that substrates with slow conduction and also 
encourages the emergence of triggers that increases the 
probability of initiating re-entry. Finally, it causes the 
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vulnerability to unidirectional conduction block. As a 
result, atrial structural remodeling has included myocyte 
hypertrophy, apoptosis, fibroblast proliferation, necrosis, 
excess production of extracellular matrix, and autophagy 
that results in fibrosis. Similarly, fibrosis results in atrial 
fibrillation progression which leads to an AF permanent 
type that promotes the structural remodeling caused by 
the long-term positive feedback loop that contributes to 
the progression of AF permanent type [80, 81].

Likewise, Qu et al. study reported that there has been 
a higher activity of NF-κ B (nuclear factor kappa light 
chain enhancer of activated B cells) that elevated con-
centration of TNF-α with the valvular disease in patients. 
The study also showed that the pathogenesis increased by 
more fibrosis in right atrial tissues and severe lympho-
monocyte infiltration [82].

Also, in atrial fibrillation, the tumor necrosis factor-
alpha is a good prognostic biomarker. The circulating 
TNF-α level has shown many clinical pathogeneses in 
AF by ST-segment elevation myocardial infarction, left 
ventricular reverse remodeling after cardiac resynchro-
nization therapy, increased severity of progression, and 
cardiac death in patients who have congestive heart fail-
ure. The independent predictors of AF have the elevated 
level of soluble CD40 and receptor activator of nuclear 
factor-κ B ligand (RANKL). Also, they were ligand to 
TNF-α superfamily [83–87].

Further, the gap remodeling and ion channel remod-
eling were caused due to atrial electrical remodeling and 
also included by constitutive acetylcholine-regulated K 
current, downregulation of L-type Ca 2+ current, and 
upregulation of rectifier background K current. The car-
diomyocytes electrically were associated with the distri-
bution of the gap junction connexin hemichannels as well 
as abnormal expression. The triggering mechanism of 
developing and maintaining AF was abnormal Ca2+ han-
dling and intracellular Ca2+ overload [88].

In addition, atrial fibrillation is related to inflamma-
tion, early stage of inflammation, and tumor necrosis 
factor-alpha which is one of the pleiotropic pro-inflam-
matory upstream cytokines. These cytokines were related 
to several cardiovascular diseases such as heart failure, 
myocarditis, and coronary artery disease. Also, elevated 
tumor necrosis factor-alpha level has been found in 
atrial fibrillation patients. The electrical and structural 
remodeling of atrial tissue was caused due to inflamma-
tion. Moreover, the calcium accumulates within the atrial 
myocytes that induced cell apoptosis caused by fibrillat-
ing atria. Loss of atrial myocytes was replaced by fibrosis 
scar that contributes to the abnormal electrical conduc-
tion and spreading. The aberrant activity of atria could 
trigger a low-grade inflammatory response [89].

Resistin
Resistin is derived from Adipose tissue that assisted to 
perform an endocrine function, which is also identified 
as an adipose tissue-specific secretory factor  (ADSF) 
and C/EBP-epsilon-regulated myeloid-specific secreted 
cysteine-rich protein (XCP1). Also, resistin is a cysteine-
rich peptide hormone and is encoded in humans at the 
RETN gene [90].  Immune and epithelial cells of pri-
mates, dogs, and pigs secret the resistin, and resistin 
itself secrets from adipose tissue of rodents. Moreover, in 
humans, the length of resistin pre-peptide is 108 amino 
acids residues with a molecular weight is ~ 12.5 kDa [91].

Similarly, resistin affects the endocrine system and 
plays a vital role in the inflammatory response to exter-
nal as well as internal factors [92]. In addition, the fatty 
infiltration of the atrial wall has been caused due to the 
presence of adipocytes in the left atrium, even in obese 
patients. It might be the center of the interaction of adi-
pocytes with the cardiac conduction system [93].

Furthermore, the presence of resistin in adipocytes 
could mediate the paracrine action of adipocytes and 
causes local inflammation through pro-inflammatory and 
inflammatory cytokines in the myocardial cells which 
results in dysfunction of the cell membrane and necrosis. 
Similarly, adipose tissue comes into contact with epicar-
dial coronary arteries. Chronic local inflammation might 
also affect the development of fibrous tissue and cause 
coagulation disorders of the atrial endocardium. In dia-
betes mellitus, especially obese patients have elevated 
resistin and have regulated blood glucose concentration 
when it is maintained for a long time. This mechanism 
could be considered as systemic action and local action of 
resistin in the atrial myocardium which is linked to Par-
oxysmal AF, in this case, arrhythmia persists for a long 
time [94, 95].

Moreover, resistin is the substance that is involved in 
immune response, protein of inflammation, and in the 
action of left ventricular remodeling mechanism. In Par-
oxysmal AF patients, resistin level might be increased 
in the blood of patients, if other cardiovascular diseases 
have co-occurred [96, 97].

Additionally, many researchers have tried to link the 
increased concentration of resistin in patients with 
CVD, heart failure, and left ventricular dysfunction. The 
secretion of resistin by monocytes stimulates the secre-
tion of inflammatory cytokines due to the endothelium 
and macrophages which resulted inconsequential in the 
initiation of fibroblasts, and the replacement of the gap 
formed between the myocytes and location of the dead 
fibrous cell caused by fibrous tissue. Then, various stud-
ies have reported that resistin has been associated with 
the human body immune response and chronic left 
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ventricular myocardial damage resulting in left ventricu-
lar dysfunction [98].

Interleukin‑10
Interleukin-10 is an anti-inflammatory cytokine and 
important immunoregulatory cytokine. It is also known 
as the human cytokine synthesis inhibitory factor (CSIF). 
Interleukin-10 is encoded by the interleukin-10 gene and 
located on chromosome 1 [99]. It is secreted by mono-
cytes or M2 macrophages. IL-10 helps in many biological 
processes that regulate the differentiation and produc-
tion of many immune cells such as mast cells, antigen-
presenting cells, natural killer cells, T cells, granulocytes, 
and B cells. Various studies have shown that IL-10 has 
the main influence on autoimmune, inflammatory, and 
malignant diseases [100].

The estrogen replacement and atherosclerosis (ERA) 
trial study had been explained the high levels of inter-
leukin-10 linked with upcoming danger for cardiovascu-
lar actions in post-menopausal women with recognized 
coronary atherosclerosis [101]. Another study explained 
baseline interleukin-10 level was not related to the risk of 
the cardiovascular event without any clinical heart dis-
ease, so it is a poor indicator of subclinical coronary ath-
erosclerosis [102].

Interleukin-10 is a multifunctional anti-inflammatory 
cytokine. IL-10 plays a harmful role in causing cardio-
vascular disease, kidney disease, and chronic infection. A 
study has shown a strong link between the risk of devel-
oping atrial fibrillation and IL-10-592A/C polymorphism 
[103].

Conclusion
In conclusion, adipokines play a significant role in the 
development and progress of Atrial Fibrillation. Also, 
there are major adipokines such as adiponectin, apelin, 
C1q/TNF-Related Protein 3 (CTRP3), Chemerin, Omen-
tin-1, interleukin-6, Leptin,  TNF-α, resistin, and inter-
leukin-10, which played their pathophysiological role in 
atrial fibrillation by causing cardiac hypertrophy, increas-
ing the cardiac contractility and action potential dura-
tion, atrial fibrosis, electrical and structural remodeling 
of atrial tissue.
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