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Introduction

The global burden of an aging population is associated with 
an increased prevalence of arrhythmias (1). Currently, the 
treatment of arrhythmias is complicated because of adverse 
atrial remodeling (2). Atrial fibrillation (AF) is the most 
common arrhythmia that can lead to many life-threatening 

complications, such as heart failure (HF) and stroke (3). 
An early diagnosis of arrhythmia at risk of progressing 
into AF with these complications might improve the 
overall prognosis in such patients (4). Therapeutic devices, 
pharmacology, and ablation techniques have improved in 
this field; however, electrophysiology and blood biomarkers 
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for the diagnosis of AF and its complications are still 
evolving.

Matrix metalloproteinase-9 (MMP-9) is a member of 
proteolytic enzymes family, and it participates in regulating 
the extracellular matrix under the balanced function of its 
inhibitor tissue inhibitor of metalloproteinase-1 (TIMP-1).  
It has been found that MMP-9 play an important role in 
atrial remodeling in the atrial fibrillation processing (5). 
Therefore, MMP-9 and TIMP-1 may be also contribute 
to AF complications. But the details need to be further 
investigated.

ELABELA (ELA) is a peptide hormone essential for 
development of the heart (6). ELA is the endogenous 
ligand of the apelin receptor, which has been found in 
zebrafish embryos and facilitate gastrulation activities (7). 
Its deficiency has been reported to promote cardiovascular 
malformations in mice (8). Furthermore, ELA has been 
shown to be a novel biomarker for right ventricular 
afterload and can reflect immediate pressure changes (9). 
Additionally, it can protect against pressure overload HF 
and angiotensin II-induced cardiac damage (10). However, 
the role of ELA as a biomarker in arrhythmias remains 
unclear.

It has been reported that, plasma ELA is lowly expressed 
in patients with AF compared to that without AF and may 
be potential risk factor in hypertension patients (11). In this 
study, we found that ELA could be benefit for preventing 
AF complications, such as heart failure (HF) and stroke. 
The prognostic value of previous clinical factors and new 
serum biomarkers were evaluated using different statistical 
analyses. We found that the ELA expression was low in 
patients with AF and negatively correlated with brain 
natriuretic peptide (BNP) level, indicating that ELA could 
be used as a serum biomarker for early diagnosis of AF. 
In conjunction with BNP and other high-risk factors of 
cardiac insufficiency, ELA could also be used to predict 
HF in patients with arrhythmia. We present the following 
article in accordance with the MDAR checklist (available at 
https://dx.doi.org/10.21037/jtd-21-1728).

Methods

Study population 

Blood specimens were collected from 131 adult patients 
[103 patients with AF and 28 patients with paroxysmal 
supraventricular tachycardia (PSVT)]. The study was 
conducted with the approval of the Ethics Committee of 

Renji Hospital, School of Medicine, Shanghai Jiao Tong 
University (approval No. KY2021-131-B) and in accordance 
with the Declaration of Helsinki (as revised in 2013). 
Samples were collected and analyzed after participants had 
provided their written informed consent. Only patients with 
arrhythmia were included in this study. 

Sample acquisition

Blood samples were harvested form the cardiac cavity 
intraoperatively and samples were allowed to clot at room 
temperature for 30 min. To isolate the clot, the samples were 
centrifuged at 2,000×g for 20 min at 4 ℃. The serum was 
aliquot into 0.5 mL Eppendorf tubes and stored at −80 ℃.

Enzyme-linked immunosorbent assay (ELISA) 

ELISA was performed using a commercially available kit. 
The plates were pre-coated with an antibody. Diluted 
100 µL serum was added to the wells, and the plate was 
incubated at 37 ℃ for 1 h. The wells were then washed  
3 times with a buffer solution. The detected antibody was 
diluted in blocking buffer and added to each well, followed 
by incubation at 37 ℃ for 30 mins. The wells were again 
washed 3 times with a wash buffer. A working dilution of 
horseradish peroxidase (HRP) was added and the plate 
followed by incubation at 37 ℃ for 30 mins. The wells 
were washed for the last time with a wash buffer 3 times. A 
3,3’,5,5’-tetramethylbenzidine (TMB) substrate solution was 
then added to each well and incubated at room temperature 
for 30 min. The stop solution was added to each well, and 
the absorbance was finally measured at 450 nm within  
30 min of adding the stop solution.

Statistical analysis

For continuous variables, descriptive statistics were shown 
as median values, first and third quartiles, numbers, and 
percentages were used to present binary variables. The 
Wilcoxon signed rank test and Mann-Whitney U test 
were used to investigate the statistical significance of the 
differences between participants with and without AF for 
continuous variables. The impact of clinical factors and 
biomarkers on AF occurrence was evaluated using binary 
logistic analysis. 

Furthermore, one-way analysis of variance (ANOVA) 
was used to assess the different levels of targeted molecules 
in participants with clinical factors. Bivariate regression 

https://dx.doi.org/10.21037/jtd-21-1728
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analysis with Spearman correlation analysis was performed 
to analyze the correlation between BNP and ELA, BNP, 
and TIMP-1. 

All statistical analyses were performed using the software 
SPSS 23.0 (IBM Corp., Chicago, IL, USA), GraphPad 
Prism 9 (GraphPad Software, La Jolla, CA, USA), and 
RStudio (https://www.rstudio.com/). All tests were 2-tailed 
and stated in the text as follows: NS: not significant; 
*P<0.05; **P<0.01; ***P<0.001.

Results

Baseline characteristics

We analyzed the blood serum of 131 patients. The 
baseline characteristics of the participants are shown in 
Table 1. In general, all participants had a greater burden 
of conventional risk factors. The median age of these 
participants, including 55 (41%) women and 76 (59%) men, 
was 65 years. As shown in Table 1, patients who developed 
AF were older, had a high body mass index (BMI) tendency, 
and the AF patients usually had greater left ventricular 
end-systolic diameter (LVDd), left ventricular end-systolic 
diameter (LVDs), and left atrium (P<0.05). Consistent 
with previous reports (12), left ventricular ejection fraction 
(LVEF) was decreased in AF patients (Table 1). Concerning 
the concentrations of the biomarkers at baseline, the AF 
patients had higher levels of neutrophil (NE), creatine 
kinase MB (CK-MB), urea nitrogen (BUN), creatinine, uric 
acid, potassium, total bilirubin (TB), direct bilirubin (DB), 
fibrinogen (Fbg), glycosylated hemoglobin (HbA1c), total 
triiodothyronine (TT3), and BNP (P<0.05) (Table 1).

ELA protects patients with arrhythmias against AF and 
heart failure

As described above, AF is the most common arrhythmia, 
and HF is one of the main life-threatening complications 
caused by AF (3). An early diagnosis helps prevent later 
complications and enables more opportunity for therapy. 
Matrix metalloproteinase-9 (MMP-9) and tissue inhibitor 
of metalloproteinase-1 (TIMP-1) have been reported to 
contribute to extracellular matrix remodeling of atria in  
AF (13). Kim et al. found that increasing ELA bioavailability 
in mice is beneficial for treating and preventing AF (14). 
Further, in search of new biomarkers for determining the 
prognosis of arrhythmia and AF, we tested serum biomarker 
levels through ELISA, including MMP-9, TIMP-1, and 

ELA. The results showed that MMP-9 was highly expressed 
in AF patients, but it was not significant (P=0.4169). There 
was no difference in the TIMP-1 expression between 
participants with AF and those with PSVT (Figure S1), 
whereas expression of ELA was much lower in patients with 
AF than that in patients without AF (Figure 1A). The BNP 
is a proven diagnostic biomarker for HF, and the expression 
level of ELA was low in participants for whom BNP 
expression was higher than 100 pg/mL (P=0.24) (Figure 1B).  
Furthermore, the level of ELA in serum was low in 
participants with hypertension (P=0.4) (Figure 1C). The 
expression of ELA was significantly lower in AF participants 
(persistent AF, paroxysmal AF, and chronic AF) than in 
those with PVST (P<0.0001) (Figure 1D). These results 
indicate that ELA may be a potential prognostic marker for 
arrhythmia and AF. 

The BNP was highly expressed in participants with AF 
(Figure 2A). To understand the role of ELA in predicting 
AF prognosis, bivariate correlation analysis was performed, 
and the results showed that the expression of ELA was 
negatively correlated with levels of BNP in all participants 
(Spearman R=−0.187, P=0.033) (Figure 2B). However, 
consistent with previous reports, TIMP-1 levels were 
positively correlated with BNP levels (Spearman R=0.2, 
P=0.022) (Figure 2C). Binary logistic regression analysis 
for AF indicated that ELA could be independently used 
as a prognostic biomarker for AF (95% CI: 0.811–0.939, 
P<0.0001) (Table 2). 

Discussion

The burden of heart arrhythmia is increasing with aging of 
the population, and AF is the most common type of heart 
arrhythmia (15). The presence of AF tends to exacerbate 
other heart complications such as HF, and the prognosis 
is often poor. Early diagnosis is beneficial for AF therapy 
and improves prognosis. At present, blood testing is one 
of the main diagnostic methods for identifying AF, which 
also helps to discover the underlying potencies of AF and 
heart damage. For example, BNP has been confirmed as 
a valuable predictor for the entire spectrum of HF disease 
severity (16). In this study, we characterized the baseline 
data of 131 patients with AF and PVST. The levels of NE, 
CK-MB, BUN, creatinine, uric acid, potassium, TB, DB, 
Fbg, HbA1c, and TT3 were high in participants with AF. 
The major risk factors of AF were age and high BNP levels. 
Furthermore, our findings revealed that ELA expression 
was low in patients with AF and those with high BNP levels 

https://www.rstudio.com/
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Table 1 Baseline characteristics according AF as following

Characteristics AF Non-AF
P value  

(Wilcoxon signed rank test)
P value  

(Mann-Whitney test)

Number of patients 103 28 – –

Age (years) 65 (60, 72) 60.5 (53, 65.5) 0.0001 0.0162

Sex (female/male) 39 (38%)/64 (62%) 16 (57%)/12 (43%) – –

Body mass index (kg/m2) 25.8 (23.4, 27.4) 24.8 (22.7, 27.8) 0.0001 0.7898

Weight (kg) 73 (63, 80) 68.25 (61, 74) 0.0001 0.1499

Height (cm) 170 (160, 177) 162 (159.5, 170) 0.0001 0.02

Hypertension 56 (54%) 12 (43%) – –

Diabetes 13 (13%) 2 (7%) – –

Coronary heart disease 9 (9%) 4 (14%) – –

Brain stroke 3 0 – –

Infection 1 0 – –

Chronic heart failure 1 1 – –

Smoking 9 3 – –

Alcohol 5 1 – –

Amiodarone therapy 72 (70%) 0 – –

New anticoagulants therapy 86 (83%) 0 – –

β block therapy 47 (46%) 8 (29%) – –

Statin therapy 30 (29%) 12 (43%) – –

LVDd (mm) 51 (47, 55) 48 (45.5, 52.5) 0.0001 0.0049

LVDs (mm) 34 (30, 37) 31 (27.5, 38) 0.0001 0.0037

LVEF (%) 63 (60, 69) 67.5 (63, 72) 0.0001 0.014

Left atrium (mm) 44 (39, 50) 38 (35,5, 43) 0.0001 P<0.0001

WBC (×109/L) 5.68 (4.89, 6.92) 5.305 (4.73, 6.68) 0.0001 0.4381

NE (×109/L) 3.72 (3, 4.55) 2.9 (2.45, 4.38) 0.0001 0.0444

LY (×109/L) 1.58 (1.26, 1.95) 1.67 (1.44, 2.24) 0.0001 0.1642

RBC (×109/L) 4.62 (4.32, 5.03) 4.49 (4.23, 4.76) 0.0001 0.1083

Hb (g/L) 139 (129, 153) 135.5 (131, 146) 0.0001 0.2142

PLT (×109/L) 192 (153, 232) 207.5 (170, 232) 0.0001 0.5052

TNI (ng/mL) 0.01 (0, 0.01) 0 (0, 0.01) 0.0001 0.337

CK_MB (ng/mL) 1.5 (1.1, 2.2) 1.1 (0.8, 1.7) 0.0001 0.0195

AST (U/L) 19 (14, 28) 20.5 (15, 31.5) 0.0001 0.313

ALT (U/L) 20 (17, 25) 19.5 (18, 27,5) 0.0001 0.3503

Urea nitrogen (mmol/L) 5.88 (4.9, 6.81) 4.5 (4.03, 5.03) 0.0001 P<0.0001

Creatinine (μmol/L) 74 (63, 87) 56.5 (46.5, 69) 0.0001 P<0.0001

Table 1 (continued)
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(>100 pg/mL).
The c irculat ing hormone ELA is  required for 

heart development and plays an important role in 
cardiac development, angiogenesis, and cardiovascular  
physiology (14). It has been reported as downregulated 
in individuals with acute HF and its expression is low in 
isolated cases of AF (17). Herein, we studied the serum 

levels of ELA together with other biomarkers (BNP) in 103 
patients with AF and 28 patients with PSVT, and found a 
low level of ELA in AF patients and in patients with high 
BNP expression (>100 pg/mL). Furthermore, in blood 
samples, ELA expression was negatively correlated with 
BNP levels. As shown in Table 2, the binary logistic analysis 
showed that both ELA and BNP significantly contributed 

Table 1 (continued)

Characteristics AF Non-AF
P value  

(Wilcoxon signed rank test)
P value  

(Mann-Whitney test)

Uric acid (μmol/L) 350 (305, 411) 290.5 (242.5, 400.5) 0.0001 0.0349

Sodium (mmol/L) 141 (139, 142) 140.5 (139.5, 142.5) 0.0001 0.9247

Potassium (mmol/L) 4 (3.8, 4.2) 3.85 (3.75, 4.1) 0.0001 0.0977

Total protein (g/L) 68.9 (66.1, 72.3) 67.75 (65.2, 70.75) 0.0001 0.2565

Albumin (g/L) 42.8 (40.8, 44.9) 42.75 (39.15, 44.05) 0.0001 0.3869

TC (mmol/L) 4.4 (3.85, 5) 4.29 (3.72, 5.36) 0.0001 0.7387

HDL (mmol/L) 1.17 (0.95, 1.4) 1.32 (1.03, 1.51) 0.0001 0.1227

LDL (mmol/L) 2.47 (1.91, 2.97) 2.34 (2, 3.18) 0.0001 0.9544

TG (mmol/L) 1.41 (1.05, 1.99) 1.38 (0.84, 1.85) 0.0001 0.4875

NEFA (mmol/L) 0.48 (0.33, 0.69) 0.40 (0.24, 0.6) 0.0001 0.1962

TB (μmol/L) 12.6 (9.7, 15.9) 9.75 (7.95, 14.45) 0.0001 0.03

DB (μmol/L) 4.2 (3.2, 5.6) 3 (2.55, 4.55) 0.0001 0.0197

GLU (mmol/L) 5.25 (4.89, 5.73) 5.09 (4.79, 5.54) 0.0001 0.3425

Fbg (g/L) 3.19 (2.84, 3.45) 2.96 (2.39, 3.31) 0.0001 0.035

D-D (mg/L) 0.11 (0.07, 0.18) 0.14 (0.11, 0.24) 0.0001 0.0533

HBALC (%) 5.8 (5.5, 6.2) 5.5 (5.3, 6) 0.0001 0.0373

CRP (mg/L) 1.19 (0.52, 2.4) 0.93 (0.49, 5.4) 0.0001 0.6377

TT3 (nmol/L) 1.52 (1.41, 1.67) 1.645 (1.57, 1.83) 0.0001 0.0024

TT4 (nmol/L) 115.8 (104.5, 132) 118.35 (108.3, 136.1) 0.0001 0.4582

FT3 (pmol/L) 4.72 (4.36, 5.07) 4.7 (4.5, 5.65) 0.0001 0.8703

FT4 (pmol/L) 17.5 (15.98, 18.83) 16.79 (15.67, 17.75) 0.0001 0.3763

TSH (mIU/L) 1.68 (1.22, 2.31) 1.265 (1.125, 2.39) 0.0001 0.2507

BNP (pg/mL) 102 (50, 217) 24.5 (18, 51) 0.0001 P<0.0001

Data are shown as median (first quartile, third quartile) or n (%). AF, atrial fibrillation; LVDd, left ventricular end-diastolic diameter; LVDs, 
left ventricular end-systolic diameter; LVEF, left ventricular ejection fraction; WBC, white blood cell count; NE, neutrophil; LY, lymphocyte; 
RBC, red blood cells; Hb, hemoglobin; PLT, platelet count; TNI, troponin; CK-MB, creatine kinase MB; AST, aspartate aminotransferase; 
ALT, alanine transaminase; TC, total cholesterol; HDL, high density lipoprotein; LDL, low density lipoprotein; TG, triglyceride; NEFA,  
non-esterified fatty acid; TB, total bilirubin; DB, direct bilirubin; GLU, glucose; BNP, brain natriuretic peptide; Fbg, fibrinogen; D-D, d-dimer; 
HbA1c, glycosylated hemoglobin A1c; CRP, C-reactive protein; TT3, total triiodothyronine; TT4, total thyroxine; FT3, free triiodothyronine; 
FT4, free thyroxine; TSH, thyroid stimulating hormone.
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to AF prognosis. Therefore, we hypothesized that ELA 
might be another potential biomarker for predicting AF and 
associated complications, such as HF. 

In this study, we compared ELA expression in persistent 
AF, paroxysmal AF, and chronic AF controlled with PVST 
patients, and ELA was expressed at low levels in all 3 AF 
types. The ELA expression in participants with hypertension 
was lower than that in those without hypertension. These 
results suggest that ELA could protect the heart from risk 
factors, but the detailed molecular mechanism needs to be 
studied in greater detail. 

In this study, we also evaluated the expressions of MMP-9 
and TIMP-1 in patients. The levels of TIMP-1 were higher 
in participants with BNP levels of >100 pg/mL and MMP-
9 levels were higher in AF patients controlled with PVST, 
although the difference was not significant. The expression 

of TIMP-1 was high in persistent AF and chronic AF, but 
not in paroxysmal AF. Consistently, MMP-9 and TIMP-
1 have been reported to contribute to extracellular matrix 
remodeling of atria in AF (13). In this study, we did not find 
obvious correlation between expression of MMP-9, TIMP-
1 and ELA. Maybe more samples should be provided to 
further identified this point. In all participants, TIMP-
1 expression positively correlated with BNP expression. 
Therefore, these risk factors may be used as auxiliary risk 
factors for different types of AF prognosis. So, ELA could 
be used as predictive biomarker for AF and maybe benefit 
for preventing AF complications.

Conclusions

High levels of BNP are markers of impaired cardiac 
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Figure 1 Low level of ELA expression in AF patients. (A) The ELA level was lower in AF patients than in PSVT patients (***P<0.001); (B) 
ELA expression was low in patients with increased BNP levels (>100 pg/mL); (C) the ELA level was low in patients with hypertension; (D) 
ELA expression was low in patients with persistent AF, paroxysmal AF and chronic AF compared with PSVT patients (***P<0.001). AF, atrial 
fibrillation; BNP, brain natriuretic peptide; ELA, ELABELA; PSVT, paroxysmal supraventricular tachycardia.
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Figure 2 The ELA level was negatively correlated with BNP. (A) The BNP level was higher in patients with AF than in patients with PSVT 
(***P<0.001); (B) the bivariate correlation analysis showed that that ELA level was negatively correlated with the BNP level (Spearman 
R=−0.187, P=0.033); (C) the bivariate correlation analysis showed that TIMP-1 was positively correlated with the BNP level (Spearman 
R=0.2, P=0.022). AF, atrial fibrillation; BNP, brain natriuretic peptide; ELA, ELABELA; TIMP-1, tissue inhibitor of metalloproteinase 1; 
PSVT, paroxysmal supraventricular tachycardia.

Table 2 Binary logistic analysis for AF

Variable 95% CI P value

Age 0.158–7.230 0.945

BMI 0.896–1.246 0.511 

Left atrium 0.899–1.309 0.398 

LVD 0.754–1.512 0.712 

LVS 0.606–1.331 0.592 

IVS 0.583–1.408 0.661 

LVEF 0.918–1.074 0.864 

CK-MB 0.639–2.915 0.422 

MMP9 0.999–1.004 0.233 

TIMP1 0.951–1.002 0.076 

ELABELA 0.811–0.939 0.000 

BNP 1.014–1.047 0.000 

CI, confidence interval; AF, atrial fibrillation; BMI, body mass index; LVDd, left ventricular end-diastolic diameter; LVDs, left ventricular  
end-systolic diameter; LVEF, left ventricular ejection fraction; CK CK-MB, creatine kinase MB; MMP-9, matrix metalloproteinase-9; TIMP-1,  
tissue inhibitor of metalloproteinase 1.
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function and associated complications of HF and stroke. 
The ELA level was much lower in patients with impaired 
cardiac function, indicating its protective role in the 
cardiovascular system. In conjunction with BNP and other 
high-risk factors of cardiac insufficiency, ELA could be used 
as a prognostic biomarker for patients with arrhythmia. 
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Supplementary

Figure S1 Level of MMP-9 and TIMP-1 in patients with high risk factor. (A) Level of MMP-9 showed no difference in patients with 
different levels of BNP; (B) level of MMP-9 showed no difference in patients with hypertension or not; (C) MMP-9 level was higher in AF 
patients compared with PSVT control; (D) level of TIMP-1 showed higher level in patients with increased BNP level (>100 pg/mL); (E) 
level of TIMP-1 showed higher level in patients with hypertension; (F) TIMP-1 expression showed lower level in AF patients; (G) MMP-
9 expression showed higher level in all kinds of AF compared with PSVT control; (H) TIMP-1 expression showed higher level in persistent 
AF and Chronic AF, but not in paroxysmal AF. AF, atrial fibrillation; BNP, brain natriuretic peptide; ELA, ELABELA; TIMP-1, tissue 
inhibitor of metalloproteinase 1; PSVT, paroxysmal supraventricular tachycardia; MMP-9, matrix metalloproteinase-9.
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