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Background: Musclin is involved in the regulation of natriuretic peptide (NP) clearance and may affect the 
concentration of atrial natriuretic peptide (ANP). It has also been found to play an important role in several 
diseases, such as diabetes mellitus and hypertension. Both abnormalities in ANP and associated medical 
history are involved in the pathogenesis of atrial fibrillation (AF). However, plasma concentration of musclin 
as a biomarker for risk stratification in patients with AF has not been fully investigated.
Methods: Plasma musclin levels were measured in 290 patients with AF (including 199 paroxysmal AF 
patients and 91 persistent AF patients) and 120 control subjects. The association between plasma musclin 
levels and AF onset, as well as its predictive effects on clinical outcomes after cryoballoon ablation were 
analyzed.
Results: AF patients were found to have a lower concentration of plasma musclin than healthy controls. 
Moreover, in the non-diabetic group and normal N-terminal pro-brain natriuretic peptide (NT-proBNP) 
level group, the association between lower plasma concentration of musclin and AF remained significant. 
According to receiver operating characteristic (ROC) curve analysis, the optimal cut-off point of musclin 
for predicting AF onset was 54.94 ng/mL, which had a sensitivity of 81.67% and a specificity of 31.47% 
[area under the ROC curve (AUC) =60.71%]. In follow-up studies, both diabetes and left atrial size were 
independent predictors of AF recurrence after ablation, while musclin showed only a modest relationship 
with the outcome of cryoballoon ablation. 
Conclusions: Our data indicated that decreased musclin was associated with the onset of AF. Moreover, 
lower plasma levels of musclin were an independent risk factor of AF in non-diabetic patients. Our studies 
suggest that musclin could be a predictive factor for the onset of AF.
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Introduction 

Atrial fibrillation (AF) is one of the most common types of 
arrhythmias. It affects 1–2% of the population worldwide 
and is a major cause of morbidity, mortality, and healthcare 
expenditure (1). However, the detection and diagnosis of 
suspected AF patients is challenging. 

A considerable proportion of patients first present with 
severe complications, such as stroke and heart failure (2), 
but not with AF symptoms or a definitive AF medical 
history (3). Moreover, AF is often paroxysmal and cannot 
be easily detected by a single electrocardiogram (ECG). 
Despite continuous patch monitoring, some patients 
with mild symptoms are still easily missed (4). Further, 
determining the optimal AF treatment can be especially 
difficult. Although rhythm control and anti-coagulation 
treatments are based mostly on oral medications, catheter 
ablation and other surgical treatments can also improve 
prognosis (1). To date, early reporting of biomarkers has 
aided in the clinical detection of high-risk AF. A medical 
history of high blood pressure, obesity, or diabetes (5), and 
elevation of natriuretic peptides (NPs), such as C-reactive 
protein and interleukin-6 (6), have been identified as 
components of risk stratification.

Musclin, also referred to as osteocrin, was originally 
identified as a secretory peptide from bone and muscles (7,8), 
and its expression has been detected in cardiac muscles (9). It 
has also been found to be related to both cardiovascular and 
metabolic diseases. Musclin has a well-conserved homology 
with NP members but no natriuretic activity. It binds to 
natriuretic peptide receptor 3 (NPR3), which is a clearance 
receptor for atrial, B-type, and C-type natriuretic peptides 
(ANP, BNP, and CNP) (10). Studies have reported that 
musclin binds to NPR3 competitively with ANP and increases 
ANP concentrations in a local or systemic manner (11). 
Another study reported that musclin exerts its physiological 
function by enhancing ANP-dependent signaling (10). This 
study also found that overexpression of musclin can suppress 
the worsening of chronic heart failure (CHF) after myocardial 
infarction (MI) by inhibiting clearance of NP family members. 
A series of studies have reported the relationship of ANP 
or BNP with AF (12-15), and NP has been recommended 
as a tool for the routine evaluation of patients with AF (16). 
Accordingly, physical exercise can up-regulate circulating 
musclin (17) and reduce the risk of atrial arrhythmias (18). 
However, musclin is found to increase insulin resistance 
in obesity (19) and vasoconstriction (20), which has been 
suggested to play a role in the onset of AF. However, to date, 

plasma musclin concentration as a potential biomarker in AF 
patients or as a measure of the efficacy of catheter ablation has 
not been investigated. 

Therefore, the current study aimed to identify the 
association between circulating musclin and the trend of 
AF onset, as well as clinical outcomes after cryoballoon 
ablation. The following article is presented in accordance 
with the Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) reporting checklist 
(available at http://dx.doi.org/10.21037/atm-20-3259).

Methods

Study population 

This observational study enrolled 290 non-valvular AF 
patients and 120 non-AF controls from the Department 
of Cardiology, Shanghai Tenth People’s Hospital, China. 
Patients with AF were diagnosed according to criteria 
described in the AF guidelines (21). All participants were 
admitted between March 2016 and August 2017. The 
exclusion criteria were: (I) acute or chronic infections or 
inflammatory diseases, severe liver or renal dysfunction, 
malignant tumors, hematologic disorders, or a history 
of cerebral infarction or transient cerebral ischemia 
within 6 months before this study; (II) reversible AF 
due to acute alcoholism, cardiopulmonary surgery, 
endocrine abnormalities and so on; (III) myocarditis 
or cardiomyopathies; (IV) significant valvular disease, 
which was defined as greater than grade II; (V) recent 
interventional treatment of acute coronary events; (VI) 
previous left atrial ablation or cardiac surgery; and (VII) 
New York Heart Association (NYHA) class IV heart failure 
or left ventricular ejection fraction (LVEF) <40%.

Our study complied with the Declaration of Helsinki 
(as revised in 2013) and was approved by the ethical review 
board of the hospital (Shanghai Tenth People’s Hospital 
Affiliated to Tongji University School of Medicine, 
Shanghai, China; No. 20K60). Written informed consent 
was obtained from all subjects before their participation 
in the study. A copy of the written consent is available for 
review from the Editor-in-Chief of this journal.

Clinical characteristics 

Paroxysmal AF was defined as AF terminating spontaneously 
or with intervention within 7 days of onset. Persistent AF was 
defined as continuous AF lasting 7 days or more, or beyond 

https://www.baidu.com/link?url=EBcSMDYzd7juxwOWUNksWYfe_p0Msy3P_H87moG-xczgVhYT-Dnwh2s2EQdVvhC7HXT1QKitlCOyGFGMpoW70ERPiCuKaUPIKhkjHT8-cRYKSIRftpkhrGaZDZxjxWsw&wd=&eqid=981d9d8a0007eee1000000045bdd9cfe
https://www.baidu.com/link?url=EBcSMDYzd7juxwOWUNksWYfe_p0Msy3P_H87moG-xczgVhYT-Dnwh2s2EQdVvhC7HXT1QKitlCOyGFGMpoW70ERPiCuKaUPIKhkjHT8-cRYKSIRftpkhrGaZDZxjxWsw&wd=&eqid=981d9d8a0007eee1000000045bdd9cfe
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7 days, in which episodes were terminated by cardioversion, 
either with drugs or with direct current cardioversion. 
Coronary artery disease (CAD) was defined as the occurrence 
of exercise- or stress-related chest symptoms due to 
narrowing of ≥70% in one or more of the major coronary 
arteries or ≥50% in the left main coronary artery (22). 

Left atrium diameter (LAD) and left ventricular ejection 
fraction (LVEF) were measured through transthoracic 
ultrasonic testing. Heart failure was considered when a 
patient had NYHA class IV heart failure (23) or a LVEF of 
<40% (24). Body mass index (BMI) was calculated as weight 
divided by the square of height. Hypertension was defined as 
blood pressure >140/90 mmHg or the use of antihypertensive 
medications. Diabetes was diagnosed according to the 
World Health Organization (WHO) criteria. Risk scores for 
stroke were calculated using the CHA2DS2-VASc Score (8). 
Cryoballoon ablation was performed by qualified physicians 
in 123 AF patients with a standard ablation procedure which 
has been previously reported in detail (25). 

Laboratory tests, electrocardiogram, and transthoracic 
echocardiogram

A comprehensive clinical assessment was carried out. 
Vascular disease was identified through a previously 
established diagnosis of CAD, peripheral artery disease, 
carotid disease, renal artery disease, or aortic atheroma. 
Standard 12-lead electrocardiogram and echocardiography 
were performed on all  subjects.  All  transthoracic 
echocardiogram (TTE) parameters were obtained using 
Vivid E9, GE Vingmed Ultrasound AS, Norway. In all 
groups, venous blood samples were collected in tubes with 
ethylenediaminetetraacetic acid (EDTA) and centrifuged at 
1,000 g for 10 min. Plasma was stored in a −80 ℃ ultra-low 
temperature refrigerator until biochemical analysis. The 
levels of plasma musclin were quantified using enzyme-
linked immunoabsorbent assays (ELISA). Briefly, the wells 
of a polyvinyl chloride (PVC) microtiter plate was coated 
with 50 μg/mL of the capture antibody (sc-365631, Santa 
Cruz) and incubated overnight at 4 ℃. The remaining 
protein-binding sites were blocked using 200 μL blocking 
buffer (5% non-fat dry milk/PBS) per well. Diluted samples 
(100 μL) were added to each well. Standards (ab73487, 
Abcam) and blanks were run with each plate and incubated 
for 90 min at 37 ℃. A horseradish peroxidase (HRP)-
conjugated detector antibody (sc-99096, Santa Cruz) against 
the target was then applied. All samples were assayed in 
duplicate, and values were normalized to a standard curve.

Follow-up study

One hundred and twenty-three AF patients underwent 
cryoballoon ablation and were monitored during their 
hospital stay after the procedure (the first 24–48 hours) with 
ECG and Holter studies. After hospital discharge, patients 
who accepted cryoballoon ablation were scheduled for 
visits in the outpatient clinics at 1, 3, 6, and 12 months after 
cryoballoon ablation, or earlier if symptoms consistent with 
recurrent AF developed after the ablation. Rapid recurrence 
of atrial arrhythmias was determined using 24-hour Holter 
monitoring and 12-lead ECG. After a blanking period of 
3 months, recurrence of AF was defined as any recording 
of AF on ECG or an episode longer than 30 s on the  
24-hour ECG Holter registration. Atrial tachycardia (AT) 
was defined as a regular, organized supraventricular rhythm 
at a constant atrial rate of ≥100 beats/min. All early and late 
recurrences were classified as AF or AT, depending on the 
morphology and regularity of the rhythm. 

Statistical analysis

Statistical analyses were performed using Statistical Package 
for Social Sciences (SPSS) for Windows 10. Numerical 
variables with a normal distribution were expressed as 
the mean ± SD, and numerical variables with a skewed 
distribution were expressed as the median and interquartile 
ranges (IQRs). Categorical variables were expressed as 
percentages. For numerical variables, an independent 
sample t test and Mann-Whitney U test were used for 
intergroup comparisons. Chi-square and Fisher’s exact 
tests were used to compare categorical variables. The 
correlations between musclin and other clinical parameters 
were analyzed with Spearman’s rank correlation test. To 
obtain the optimal cut-off points of musclin concentrations 
for predicting AF onset, receiver-operating characteristic 
(ROC) curve analysis was performed, and the area under 
the curve (AUC) was calculated. Those independent 
predictors derived from logistic regression were selected 
and incorporated in logistic regression models. A two-
tailed P<0.05 was considered statistically significant for all 
analyses. For multiple comparisons, Bonferroni adjustment 
was used to correct P values to <0.025. 

Results

Subject characteristics

The study population had a mean age of 64.14±9.36 years,  
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and 218 part ic ipants  (53.17%) were male.  Other 
demographic and clinical data are presented in Table 1. 
Patients with AF had higher BMI (25.07±3.59 vs. 23.3±2.7, 
P=0.001) and a higher prevalence of hypertension (61.72% 
vs. 27.50%, P<0.001) compared to the controls. Significant 
differences were also observed in LAD and LVEF between 
the AF and non-AF groups, which were 41.41±5.29 
vs. 38.05±5.55 mm (P<0.001) and 63.17%±5.72% vs. 
66.81%±5.70% (P<0.001), respectively. The level of 
N-terminal pro-brain natriuretic peptide (NT-proBNP) 
was higher in AF patients compared to non-AF patients, 
while transforming growth factor (TGF)-β showed the 
opposite trend (P=0.001 and P=0.003, respectively). 
Compared to paroxysmal AF patients, univariate analysis 
showed that the persistent AF group had a higher 
prevalence of hypertension, received less drug (amiodarone 

and propafenone) therapy, and had a larger LAD diameter, 
reduced LVEF, and higher plasma levels of NT-proBNP 
(Table 1).

Decreased plasma musclin levels in AF patients 
independently increases AF risk

The mean plasma musclin levels in the entire study cohort 
were 100.03±83.78 ng/mL, with an interquartile range from 
53.72–107.30 ng/mL. Musclin levels differed significantly 
depending on the clinical group, with a gradient from the 
control group (126.08±103.48 ng/mL) to the AF cohort 
(89.11±71.40 ng/mL) (P<0.001, Figure 1A). When the 
subjects were divided according to medical history of 
diabetes mellitus and hypertension, plasma musclin levels 
of AF patients were found to be decreased in non-diabetes 

Table 1 Baseline characteristics of the study population

Clinical characteristics (total n=410) Control (n=120) AF (n=290) P value Paroxysmal AF (n=199) Persistent AF (n=91) P value

Baseline characteristics

Male, n (%) 53 (44.17) 165 (56.90) 0.019 108 (54.27) 57 (62.64) 0.182

Age, years 62.3±7.5 64.63±9.04 0.096 64.5±9.6 66.6±7.7 0.079

BMI (kg/m2) 23.3±2.7 25.07±3.59 0.001 25.14±3.43 24.93±3.93 0.687

Medical history, n (%)

Hypertension 33 (27.50) 179 (61.72) <0.001 109 (54.77) 70 (76.92) <0.001

Diabetes mellitus 11 (9.17) 44 (15.17) 0.104 28 (14.07) 16(17.58) 0.439

Medications before ablation, n (%)

Amiodarone therapy 0 (0.0) 61 (21.03) <0.001 56 (28.14) 5 (5.50) <0.001

Propafenone therapy 0 (0.0) 26 (8.97) <0.001 25 (12.56) 1 (1.10) 0.001

β-blocker therapy 8 (6.67) 129 (44.48) <0.001 87 (43.72) 42 (46.15) 0.699

Echocardiographic parameters

LAD (mm) 38.05±5.55 41.41±5.29 <0.001 39.99±5.13 44.52±4.23 <0.001

LVEF (%) 66.81±5.70 63.17±5.72 <0.001 64.31±5.18 60.78±6.08 <0.001

Baseline plasma level

NT-proBNP (pg/mL) 64.25  
[36.90, 120.08]

302.90  
[122.60, 796.60]

0.001 183.70  
[83.35, 534.0]

800.2  
[422.88, 1,053.75]

<0.001

TGF-β (ng/mL) 11.05±2.33 9.93±3.88 0.003 9.99±3.87 9.81±3.91 0.725

Musclin (ng/mL) 82.83  
[60.52, 155.65]

70.40  
[50.57,101.32]

<0.001 69.30  
[50.98, 103.91]

73.13  
[49.76, 98.33]

0.684

Numerical variables with a normal distribution were presented as the mean ± SD and numerical variables with a skewed distribution were 
presented as the median [interquartile range] and categorical variables presented as percentages. AF, atrial fibrillation; BMI, body mass 
index; LAD, left atrial diameter; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-brain natriuretic peptide.
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group, hypertension and non-hypertension group (P<0.001, 
P=0.008 and P=0.014, respectively; Figure 1B,C,D). In 
the normal NT-proBNP group, the association between 
musclin and AF remained strongly significant (P=0.018, 
Figure 1E). 

Plasma musclin levels were found to be negatively 

correlated with AF in the entire cohort, the non-diabetic 
group, and the normal NT-proBNP group (Table 2). 
In multivariate analyses, after adjustment for potential 
confounders in the non-diabetic group (sex, age, BMI, 
LAD, LVEF, and TGF-β), the relationship between musclin 
and AF onset remained significant (P=0.011, Table 3). 

Figure 1 Musclin concentrations in different groups. (A) The plasma musclin concentration in control group (126.08±103.48 ng/mL) 
was significantly higher than it in AF cohort (89.11±71.40 ng/mL) in the entire study group. (B) In non-diabetic patients, the relationship 
between musclin and AF remained significant. When patients were divided into the hypertension (C) and non-hypertension (D) groups, 
musclin was still associated with AF. (E) In patients with normal NT-proBNP (below 500 pg/mL), musclin levels were still associated with 
AF onset.
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According to ROC curve analysis, a cut-off point of 
54.94 ng/mL of musclin had a sensitivity of 81.67% and 
a specificity of 31.47% (AUC =60.71%) for predicting 
the onset of AF (Figure 2A). In non-diabetic patients, the 
optimal cut-off point of musclin was 55.64 ng/mL, which 
had a sensitivity of 79.81% and specificity of 33.47% (AUC 
=61.99%, Figure 2B). 

Follow up: musclin plasma levels have no apparent 
relationship with clinical outcome after cryoballoon 
ablation in AF patients

A total of 123 AF patients underwent cryoballoon ablation. 
During a mean follow-up period of 15.1±2.8 months, 80 

patients remained in sinus rhythm without antiarrhythmic 
drugs (AADs), while 32 patients had AF recurrence (the loss 
to follow-up rate was 8.94%). According to our analysis, a 
medical history of diabetes (P=0.023) and LAD (P=0.016) 
were statistically associated with AF recurrence, while 
musclin showed no significant difference between the 
recurrence and non-recurrence group (P=0.487).

Discussion

This case-control study demonstrated that AF patients 
without structural heart disease tend to have lower plasma 
musclin concentrations compared to healthy controls in 
sinus rhythm. According to ROC curve, levels of plasma 

Table 2 Correlations between musclin and other variables

Parameters
Total (n=406) Non-diabetic group (n=351) Normal NT-proBNP group (n=279)

r P value r P value r P value

AF −0.202 <0.001 −0.240 <0.001 −0.194 0.001

Gender 0.127 0.011 0.094 0.080 0.148 0.013

Age −0.024 0.626 −0.057 0.289 0.002 0.976

BMI −0.127 0.035 −0.108 0.094 −0.180 0.013

Diabetes 0.010 0.836 N/A N/A −0.002 0.971

Hypertension −0.036 0.470 −0.032 0.544 −0.055 0.361

NT-proBNP −0.047 0.364 −0.052 0.347 −0.136 0.023

LAD −0.118 0.018 −0.085 0.113 −0.153 0.010

LVEF 0.023 0.652 0.012 0.823 −0.045 0.459

TGF-β 0.041 0.457 0.050 0.408 0.092 0.117

AF, atrial fibrillation; BMI, body mass index; LAD, left atrial diameter; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-
brain natriuretic peptide.

Table 3 Univariate and multiple variation analysis of musclin and AF in non-diabetic groups

Covariations P value OR 95% CI P adj OR-adj 95% CI adj

Gender 0.099 0.683 0.434–1.074 0.481 0.775 0.381–1.574

Age 0.080 1.021 0.998–1.046 0.662 0.990 0.948–1.035

BMI 0.009 1.130 1.031–1.239 0.743 1.021 0.902–1.156

LAD <0.001 1.109 1.061–1.160 <0.001 1.169 1.075–1.272

LVEF <0.001 0.903 0.862–0.945 0.075 0.929 0.858–1.007

TGF-β 0.012 0.904 0.835–0.978 0.164 0.928 0.835–1.031

Musclin <0.001 0.994 0.991–0.997 0.011 0.994 0.989–0.998

BMI, body mass index; LAD, left atrial diameter; LVEF, left ventricular ejection fraction.
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musclin below 54.94 ng/mL were sensitive (at a sensitivity 
of 81.67%) to identifying potential AF. Further, musclin 
independently increased the risk of AF in the non-diabetic 
cohort. 

Musclin is an activity-stimulated myokine (17) secreted 
by skeletal muscles (26) that regulates muscle growth and 
metabolism. Its expression decreases in fasted and insulin-
deficient conditions (8) and is upregulated when nutrition 
changes, such as during treatment by insulin (27), palmitate 
(28,29), and glucosamine. Also, musclin contains two 
KKKR putative serine protease cleavage sites and a region 
homologous to members of the NP family (8). It binds to 
NPR3 competitively with NPs, a clearance receptor for 
NPs, ANP, BNP, and CNP (10,11,30). Although musclin 
has no natriuretic activity, it has been shown to attenuate 
the clearance of NPR-C and increase the availability of NPs 
(10,11).

Robust studies have demonstrated a relationship between 
ANP and the development of AF (12-15). A frameshift 
mutation in the ANP gene was identified in patients with 
familial AF, and its frameshift product was shown to exhibit 
modified proteolytic degradation and a markedly longer 
half-life than ANP (14,15,31), indicating that abnormalities 
in ANP are involved in the pathogenesis of AF. Previous 
studies also found that elevated NT-proBNP level 
independently predicts an increased risk of development 
of AF (32,33) and that BNP independently predicts new 
onset of AF in ST-segment elevation myocardial infarction 
(MI) patients (9). Moreover, musclin was found to suppress 

the worsening of chronic heart failure (CHF) after MI 
through inhibiting the clearance of NP family peptides (34).  
It has also been shown to activate the peroxisome 
proliferators-activated receptor ɣ (PPARɣ) pathway in white 
adipose tissue (35), and it benefits cardiovascular health 
by acting as a latent protective factor in heart failure (36) 
and remote ischemic conditioning (37). Physical activity 
can enhance musclin expression in both muscles and the 
circulation, which improves exercise endurance (17). Some 
studies also reported that proper exercise could improve 
cardiorespiratory fitness in AF patients and prevent atrial 
and ventricular arrhythmias (18,38). Given this background, 
we speculated that decreased musclin levels would likely be 
involved in the occurrence and progression of AF. Other 
studies have also reported a relationship between musclin 
and risk factors for AF, such as diabetes and hypertension. 
Musclin increases insulin resistance, and increased musclin in 
the circulation is associated with the onset of diabetes (19,39). 
Also, circulating musclin has been shown to induce vascular 
constriction and the onset of hypertension (20). Therefore, 
predicting the function of musclin is complicated. 

Our study found plasma musclin levels to be negatively 
correlated with the onset of AF. Moreover, to exclude 
confounding bias, our study cohort was divided into 
different groups. In the non-diabetic group, the association 
between musclin and AF remained significant and musclin 
was revealed to be an independent predictor of AF. In 
patients with and without hypertension, musclin was 
associated with AF development. Furthermore, musclin 

Figure 2 (A) In the entire study group, a cut-off point of 54.94 ng/mL of musclin had a sensitivity of 81.67% and a specificity of 31.47%. 
(B) In the non-diabetic group, the optimal cut-off point for musclin was 55.64 ng/mL, which had a sensitivity of 79.81% and a specificity of 
33.47%.
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also had a negative correlation with AF in patients with 
normal plasma levels of NT-proBNP. Hence, musclin could 
help to evaluate the risk of AF in patients who do not have 
traditional risk factors such as hypertension, diabetes and 
heart failure.

Cryoballoon ablation has become an effective therapy 
for patients with drug-refractory AF (40). In addition, the 
identification of pre-ablation predictors of AF recurrence 
would help to improve ablation outcomes, and avoid 
unnecessary procedures and related complications. In 
the present study, musclin levels did not differ between 
the AF recurrence and non-recurrence groups. However, 
LAD and a medical history of diabetes were found to be 
associated with AF relapse after cryoballoon ablation, 
which is consistent with previous studies (41,42). It is 
difficult to accurately determine the risk factors involved 
in the permanent elimination of AF due to its complex 
mechanisms. The outcomes of AF elimination vary 
depending on several factors, including, but not limited to, 
the type of AF, cardiac substrate, duration of follow-up, and 
the extent of monitoring during follow-up (43). Previous 
investigations with long-term follow-up found that higher 
levels of NT-proBNP were correlated with AF recurrence 
(44,45). It has been speculated that the levels of musclin 
in the AF recurrence group influence plasma NPs levels. 
However, due to insufficient follow-up time and the small 
sample size in our study, the relationship between musclin 
and outcomes of cryoballoon ablation remain uncertain.

Several limitations of the present study should be 
considered. The major limitations are the relatively small 
sample size, insufficient follow-up period, and differences 
in patient characteristics, all of which may have contributed 
to the lack of significant difference observed between the 
recurrence and non-recurrence groups (P=0.487). Our study 
was a single-center study; therefore, the results may not be 
applicable to broader AF populations, including patients with 
a history of structural heart disease or diabetes. Secondly, AF 
recurrence may be underestimated because asymptomatic AF 
episodes may require continuous monitoring for 7 to 10 days. 
In our study, the evaluation of AF recurrence was limited by 
regular electrocardiogram, 24-hour Holter monitoring, and 
short-term follow-up (1 year after ablation). Future studies 
will be required to address the question of whether decreased 
musclin is a cause or a consequence of AF. 

Conclusions

Our study demonstrated that plasma musclin concentrations 

were decreased in AF patients without coexisting structural 
heart disease. Musclin concentrations below 54.94 ng/mL  
were found to be sensitive to identifying potential AF. 
Specifically, we showed that musclin levels provide an 
independent evaluation for the prediction of AF in non-
diabetic patients. Hence, musclin could be considered a 
predictive factor in the onset of AF. 
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