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ABSTRACT

Background: MicroRNAs (miRNAs) are widely involved 
in the regulation of physiological processes, such as cell pro-
liferation, differentiation, apoptosis, angiogenesis, and lipid 
metabolism. They might be associated with the pathological 
process of atrial fibrillation (AF). The purpose of our study is 
to investigate whether plasma miRNA-155 levels have a rela-
tionship with AF recurrence.

Methods: A total of 110 patients with AF were studied, all 
with successful cardioversion. We measured the expression of 
plasma miRNA-155 in the recurrent group (n = 30) and in the 
nonrecurrent group (n = 80) by quantitative reverse transcrip-
tion–polymerase chain reaction (qRT-PCR). In addition, the 
serumal levels of B-type natriuretic peptide (BNP), total cho-
lesterol (TC), and fasting blood glucose (FBG) in the groups 
were determined by using an automatic biochemical analyzer; 
and an immunoenzymatic method was applied to determine 
the serumal levels of tumor necrosis factor-α (TNF-α), 
C-reactive protein (CRP), and interleukin-6 (IL-6). The left 
atrial diameter (LAD) and left ventricular ejection fraction 
(EF) of all patients were measured by using echocardiography.

Results: Our RT-PCR analysis found that miRNA-155 
was significantly upregulated in the recurrent group compared 
with the nonrecurrent group. These increases of LAD and the 
levels of BNP, TNF-α, CRP, and IL-6 in the recurrent group 
were also revealed to be relative to those in the nonrecurrent 
group. There were no differences in the levels of TC and 

FBG, as well as in EF, between the groups. Moreover, miRNA-
155 expression was observed to correlate positively with these 
outcomes of LAD, BNP, TNF-α, CRP, IL-6, and LAD. A 
diagnostic significance of predicting AF recurrence for plasma 
miRNA-155 was elucidated via ROC curve analysis.

Conclusions: Our findings revealed that plasma miRNA-155 
can present an ability to calculate AF recurrence after cardioversion.

BACKGROUND

Atrial fibrillation (AF) is the most common clinical arrhyth-
mia, affecting approximately 33.5 million people annually 
worldwide [Chugh 2014]. Its morbidity has increased with 
the aging of the general population [Kannel 1998; Naccarelli 
2009]. Atrial remodeling is characterized by several atrial struc-
tural and functional alterations that occur as a consequence of 
AF. These changes can be classified as electrical remodeling, 
tissue (structural) remodeling, Ca2+-handling abnormalities, 
and neurohormonal changes [Nattel 2014]. In nonparoxys-
mal AF, atrial structure remodeling has been thought to be 
associated with atrial enlargement, ultrastructure changes in 
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Table 1. Baseline Clinical Characteristics of the AF Patients*

Parameters
Nonrecurrent 

Group (n = 80)
Recurrent 

Group (n = 30) P

Age, years, mean ± SD 59.03 ± 13.29 60.72 ± 13.63 .897

Male, n (%) 49 (61.3%) 17 (56.6%) .669

Duration of AF, years, mean ± SD 2.0 ± 2.6 2.1 ± 2.5 <.01

Persistent AF, n (%) 33 (41.2%) 20 (66.6%) .020

Paroxysmal AF, n (%) 47 (58.8%) 10 (33.4%) .020

Hypertension, n (%) 40 (50.0%) 16 (53.3%) .832

DM, n (%) 17 (21.2%) 8 (26.6%) .612

CAD, n (%) 25 (31.2%) 11 (36.6%) .651

MVD, n (%) 3 (3.7%) 5 (16.6%) .034

Hyperlipidemia, n (%) 35 (43.7%) 16 (53.3%) .398

*AF, atrial fibrillation; SD, standard deviation; DM, diabetes mellitus; CAD, 
coronary artery disease; MVD, mitral valve disease.
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cardiac cells ,and atrial interstitial fibrosis [Pison 2016]. Nota-
bly, absolute AF burden has been defined as the average time 
(hours) of AF duration over the whole observational period. 
Available evidence suggests that the altered oxidative stress 
stimulating the activation of multiple cytokines and inflam-
matory pathways seems to influence AF burden in response 
to catheter ablation treatment [Sardu 2017]. Accordingly, AF 
frequently recurs after ablation treatment [Mitrić 2016]. A 
recent analysis has indicated that subclinical episodes of AF 
occur frequently in type 2 diabetic patients and are associated 
with a significantly increased risk of silent cerebral infarct and 
stroke [Marfella 2013]. Oral anticoagulation therapy is the 
treatment of choice for preventing thromboembolism diseases 
caused by AF. However, only 46.2% of patients with AF take 
oral anticoagulation medications [Genovesi 2015].

Therefore, appropriate prediction contributes to the early 
identification of patients at a high risk of AF recurrence and is 
conducive to determine a suitable therapeutic regimen at the 
early stage and to reduce the patient risk and medical expense. 

MicroRNAs (miRNAs) are small noncoding endogenous 
RNAs, which have been used as the biomarkers of fibrosis 
and electrical alteration for AF, and have become the targets 
of selective therapy for AF. 

Moreover, catheter ablation can electrically isolate the pul-
monary vein, which can be upgraded by miRNAs’ therapy and 
prevent both cardiac electrical and fibrotic remodeling of AF 
[Sardu 2015]. The above evidence shows that miRNAs might 
be involved in AF pathogenesis. It has been reported that 
the expression of miRNAs, including miRNA-155, miRNA-
146b-5p, and miRNA-19b, elevates significantly in patients 
with nonvalvular PAF [Wang 2015]. In this study, we used 
RT-PCR to detect miRNA-155 expression from patients with 
AF and explored the possible mechanisms of miRNA-155 in 
atrial remodeling as well as the association among miRNA-
155, inflammation, and AF recurrence, suggesting that 
miRNA-155 can be used as an effective warning marker and as 
an intervention target for AF recurrence after cardioversion.

MATERIALS AND METHODS

General Data 
A total of 110 patients with AF were studied, all of whom 

had a successful cardioversion at the Department of Cardiology 

at the First People’s Hospital of Xianyang City or the Eighth 
Hospital of Xi’an City from March 2015 to March 2017. The 
age of the patients (mean ± SD) was 60.12 ± 13.37 years. AF 
was paroxysmal in 57 patients and persistent in 53 patients. 
Recurrence in 30 patients and no recurrence in 80 patients 
were identified on the basis of electrocardiogram and dynamic 
electrocardiogram. The following cases were excluded: patients 
without a response to amiodarone for 12 months; patients with 
NYHA class I or with NYHA class I transformed from NYHA 
class II because of the treatment with diuretics, digitalis, or 
other drugs; patients with atrioventricular block, hyperthyroid-
ism, diabetes, liver or kidney dysfunction, or acute and chronic 
infection disease; patients with allergy to amiodarone; patients 
with poisoning due to digitalis.

The baseline characteristics of all participants are pre-
sented in Table 1. The presences of persistent AF and a his-
tory of MVD (reported cases included mitral valve insuf-
ficiency ≥2 or of moderate severity) were associated with a 
higher risk for AF recurrence after ablation. These charac-
teristics of age, gender, AF duration, hypertension, diabetes, 
CAD, and hyperlipidemia did not significantly differ between 
the 2 groups.

Methods
All enrolled patients with AF were subjected to radiofre-

quency catheter ablation, and a sustained sinus rhythm was 
confirmed. Then, they were given amiodarone for 3 months 
following a regular review in which 80 patients maintained 
their sinus rhythm within 12 months after ablation treatment 
and 30 patients relapsed. The recurrence rate was 27.27%.

The levels of miRNA-155 in the plasma of patients with 
AF were detected by using RT-PCR. A Modular P800 auto-
matic biochemical analyzer (Roche Diagnostics, Rotkreuz, 
Switzerland) and diagnostic kits (Roche) were applied to the 
detection of the serumal concentrations of BNP, TC, and 
FBG. The serumal levels of TNF-α, CRP, and IL-6 were 

Table 2. Primers Used in qPCR Experiments*

miRNA Primer Sequence (5′-3′)

miRNA-155 Forward, TTAATGCTAATCGTGA

Reverse, ACCTGAGAGTAGACCAGA

β-actin Forward, ATGTCACGCACGATTTCC

Reverse, CTGTCCCTGTATGCCTCTG

*qPCR, quantitative polymerase chain reaction; miR-155, microRNA-155.

Table 3. Patient Baseline Data (χ− ± SD)*

Variables
Nonrecurrent Group 

(n = 80)
Recurrent Group  

(n = 30) P

TNF-α, pg/mL 5.5 ± 2.3 7.3 ± 2.5 <.01

CRP, mg/L 1.5 ± 0.5 2.5 ± 0.8 <.01

IL-6, ng/L 0.41 ± 0.04 0.52 ± 0.05 <.01

TC, mmol/L 3.87 ± 0.73 4.03 ± 0.71 .731

LAD, mm 35.62 ± 3.93 50.89 ± 5.33 <.01

FBG, mmol/L 4.10 ± 0.57 4.12 ± 0.56 .753

EF, % 56.23 ± 5.62 54.37 ± 5.36 .772

BNP, ng/L 139.36 ± 79.57 556.21 ± 123.87 <.01

*All variables are denoted by mean ± SD. TNF-α, tumor necrosis factor-α; 
CRP, C-reactive protein; IL-6, interleukin-6; TC, total cholesterol; LAD, left 
atrium diameter; FBG, fasting blood glucose; EF, left ventricular ejection 
fraction; BNP, B-type natriuretic peptide.
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determined by using an immunoenzymatic method and 
standard laboratory techniques according to manufacturers’ 
specifications (Quantikine ELISA kit, R&D Systems, Min-
neapolis, MN, USA). All participants were subjected to color 
Doppler ultrasonography (Vivid7 Dimension, General Elec-
tric Company, Boston, MA, USA) that was used by measuring 
the LAD and EF on the day on which blood was collected.

Follow-up Visits
All the patients were followed up once each month. AF 

recurrence was confirmed on the basis of the patients’ symp-
toms and the results of electrocardiogram and dynamic elec-
trocardiogram. Within 12 months after the ablation treat-
ment, nonrelapsing patients were assigned to the recurrent 
group or to the nonrecurrent group.

Specimen Collection
Six milliliters of venous blood was collected from the AF 

patients after a 12-month follow-up. The collected blood was 
placed in 2 tubes. One, which included EDTA as anticoagu-
lant, was separated into plasma by centrifugation at a 3000-rpm 

speed for 15 minutes at 4°C, with application to the measure-
ment of miRNA-155. The other was separated serum for use 
in measuring the levels of BNP, FBG, TC, TNF-α, CRP, and 
IL-6. The separated plasma and serum were removed to freez-
ing pipes and preserved at –80°C until assayed. 

RNA Isolation
Total RNA was extracted from the plasma of patients with 

AF by using TRIzol reagent (Invitrogen [Thermo Fisher Sci-
entific, Waltham, MA, USA]) according to the manufacturer’s 
protocol. RNA purity was determined in accordance with the 
ratio of the optical density at 260 nm and 280 nm. If the opti-
cal density ratio was between 1.7 and 2.0, the RNA solution 
was considered pure and was immediately stored at –80°C.

Quantitative Reverse Transcription–Polymerase Chain Reaction 
Primers (Table 2) were designed by Primer Premier 5.0 

software (Premier Biosoft International, Palo Alto, CA, 
USA). β-Actin was used as the internal reference. The reverse 
transcription reaction was carried out by using a TaqMan 
MicroRNA Reverse Transcription Kit (Applied Biosystems 

Figure 1. Validation of comparisons of baseline data between the groups. TNF-α, tumor necrosis factor-α; CRP, C-reactive protein; IL-6, interleukin-6; TC, to-
tal cholesterol; LAD, left atrium diameter; FBG, fasting blood glucose; EF, left ventricular ejection fraction; BNP, B-type natriuretic peptide.   , P <.01. 
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[Thermo Fisher Scientific]) according to the manufacturer’s 
instructions. Quantitative polymerase chain reaction (qPCR) 
was performed by using TaqMan Universal PCR Master Mix 
(Applied Biosystems [Thermo Fisher Scientific]) in a 7500 
Real-Time PCR system (Applied Biosystems [Thermo Fisher 
Scientific]) under the following conditions: 95°C for 3 minutes, 
followed by 40 cycles of 95°C for 15 seconds ,and 60°C for 1 
minute. The length of the amplification product for miRNA-
155 was 120 bp, and for β-actin, the length was 115 bp.

Analysis of Gene Sequences
The sequences of the PCR products were determined by 

using a sequencing machine. Sequence homology was deter-
mined by comparing the sequencing results with known 
sequences in GenBank by using BLAST software (NLM, 
NCBI, Bethesda, MD, USA).

Relative Expression of miRNA
The amplified products were analyzed by gel electropho-

resis of 4% agarose. The changes of the cycle threshold (CT) 
were used quantitatively in determining miRNA expression. 
ΔCT = (Xn) CT – (β-actin) CT, where (β-actin) CT was the 
CT of the internal reference and (Xn) CT was the CT of 
the participants. The relative expression of miRNA was cal-
culated as 2–CT.

Statistical Analysis
The significance of the experimental data was evaluated 

by using SPSS 21.0 statistics software (IBM Corp., Armonk, 
NY, USA). Continuous variables with a normal distribution 

were presented as mean ± SD and were compared by using 
the Student t test. The categorical variables were compared 
via χ2 test. A correlation analysis was performed via the  
Pearson method. ROC curves were drawn, and the AUCs 
were measured, assessing the specificity and sensitivity of 
circulating miRNA-155 as diagnosing recurrence of AF. A  
P value of less than .05 was considered significant.

RESULTS

Comparison of Baseline Data between the Groups 
As shown in Table 3, these increases of the levels of BNP, 

TNF-α, CRP, and IL-6 (Figure 1) and LAD (Figure 2) are 
observed in the recurrent group compared with in the non-
recurrent group (all P <.01).Nevertheless, the differences 
of EF and the levels of TC and FBG between the 2 groups 
of AF were not established yet (all P >.05). In Figure 1, the 
gray pillars, usually relatively higher in comparison with the 
black pillars, show these incremental levels of BNP, TNF-α, 
CRP, and IL-6 in the recurrent group. Figure 2 shows the left 
atrial dilation in patients with AF. The red, blue, yellow colors 
represent the blood flow signals toward the probe, the blood 
flow signals away from the probe, and the blood flow signals 
of pathological tissues, respectively. The red circle shows an 
enlarged atrium.

Analysis of PCR Amplification Curves
As shown in Figure 3, the PCR amplification curves accom-

panying with a smooth “S” shape present baseline stage, log-
arithmic amplification stage, and platform stage, indicating 
the accurate operations and the believable outcomes, where 

Figure 2. Evidence of left atrial dilation in patients with AF. The red, blue, 
yellow colors represent the blood flow signals toward the probe, the 
blood flow signals away from the probe, and the blood flow signals of 
pathological tissues, respectively. The red circle shows the enlarged atri-
um. AF, atrial fibrillation; M, M-mode ultrasound diagnostic instrument.

Figure 3. PCR amplification curves. The amplification curves are smooth 
“S” shapes, showing that the operations were accurate and that the re-
sults are believable. The a and b (as expressed in brown and cyan lines) 
show the amplification curves of miRNA-155 and β-actin, respectively.
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curves a and b (as expressed in brown and cyan lines) repre-
sent the concentration (relative fluorescence unit [RFU]) of 
miRNA-155 and β-actin, respectively.

Comparison of miRNA-155 Expression Levels between the 
Groups

As shown in Figure 4, the expression of miRNA-155 in 
the recurrent and nonrecurrent groups (mean ± SD) is 0.87 
± 0.17 and 0.21 ± 0.05, respectively, confirming that miRNA-
155 was significantly upregulated in the recurrent group com-
pared with the nonrecurrent group. The left figure indicates 
a gel electrophoresis consequence of the amplified products. 
The marker (M) lane has 6 bands (100, 250, 500, 750, 1000, 
and 2000 bp). The bands in lanes 1, 2, and 3 are between 100 
and 250 bp. The band in lane 2 is significantly brighter than 
that in lane 1, which illustrates the increased expression of 
miRNA-155 in patients with recurrent AF. The bright band 
in lane 3 and the empty band in lane 4 confirm the accuracy 
of the bands in lanes 1 and 2. In the right figure, the gray 
pillar, which is relatively higher than the black pillar, shows an 
increased expression of miRNA-155 in the recurrent group.

Analysis of Correlation
As shown in Figure 5, the expression of miRNA-155 is 

described to be positively correlated with the levels of BNP, 
TNF-α, CRP, and IL-6, as well as LAD (R2 = 0.930, 0.906, 
0.896, 0.916, 0.966, respectively, all P <.01).

Analysis of Receiver Operating Characteristic Curves
As shown in Figure 6, the green and blue lines represent 

the reference line and miRNA-155, respectively. The AUC of 
miRNA-155 is 0.888 (P <.01; 95% CI: 0.808-0.969). Informa-
tion from ROC curve analysis indicates that AF recurrence 
could be observed through the variant expression of miRNA-
155 in plasma.

DISCUSSION

Our RT-PCR analysis confirmed that miRNA-155 expres-
sion was significantly upregulated in the recurrent group 

compared with that in the nonrecurrent group. The analysis 
of the AF patients revealed the incremental presences of LAD, 
BNP, TNF-α, CRP, and IL-6 for the recurrent patients with 
AF. There were no differences of the levels of TC, FBG, and 
EF between the 2 groups. Moreover, expression of miRNA-
155 was observed to correlate positively with the incremental 
presences of LAD, BNP, TNF-α, CRP, and IL-6. ROC curve 
analysis ascertained that the variant expression of miRNA-
155 in plasma of patients with AF could predict AF recur-
rence after cardioversion.

miRNA-155 Expression and AF
Growing evidences indicates that miRNA-155 as an 

important pleiotropic regulator of cell homeostasis is a typi-
cal multifunctional miRNA that accommodates multiple 
pathophysiological processes, such as hematopoietic lineage 
differentiation, inflammation, immunity, viral infections, and 
cardiovascular diseases [van Berkel 2005; Fichtlscherer 2010]. 
The association between cardiovascular diseases (eg, CAD) 
and miRNA-155 has been increasingly studied. However, 
these do not give a consistent conclusion. Analysis of a high-
throughput array screening for 667 miRNAs confirmed the 
violent expression of miRNA-155 in the serum of patients 
at high risk of cardiac death. Nevertheless, opposing clini-
cal research findings in relation to miRNA-155 have been 
reported. miRNA-155 was negatively correlated with Th17 
cell differentiation, and its downregulation was discovered in 
the patients with urgent coronary syndrome [Filipowicz 2008]. 
Briefly, both upregulation and downregulation of miRNA-
155 in patients with cardiovascular diseases are possible to 
respond to the pathological processes of these diseases. There 
is a previous study revealing the association between miRNA-
155 and arrhythmia. An analysis of 485 patients with chronic 
heart failure indicated that the altered regulation of miRNA-
155 in patients with the AT1-1166 CC genotype is predictive 
of an increased risk of ventricular arrhythmias [Blanco 2012].

The RT-PCR analysis of the patients with AF confirmed 
that the significant upregulation of miRNA-155 supplied 
the most pronounced change among the 10 differentially 
expressed miRNAs. These findings, which were obtained 
by analyzing the miRNA profile, indicate that miRNA-155 

Figure 4. miRNA-155 expression. M, 1, 2, 3, and 4 show the outcomes of marker [DL 2,000 DNA Marker (Baori Medical Biotechnology Co., Ltd., Beijing, 
China)], miRNA-155 in the nonrecurrent group, miRNA-155 in the recurrent group, β-actin, and the negative control, respectively. The lengths of the ex-
pected miRNA-155 and β-actin were 120 bp and 115 bp, respectively. The expression of miRNA-155 was upregulated in the recurrent group compared with 
that in the nonrecurrent group (P <.01).
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might have an important impact on the progression of AF. 
Upregulation of miRNA-155 in patients with AF is consistent 
with our findings. Our RT-PCR results showed that miRNA-
155 was remarkably higher in the recurrent group than in the 
nonrecurrent group. The mechanism underlying the process 
that miRNA-155 partakes in AF progression is known to be 

associated with inflammation [Wang 2015]. Recent stud-
ies have reported that some miRNAs (eg, miRNA-155 and 
miRNA-146a) are responsible for the regulation of inflam-
matory responses in macrophages and monocytes [O’Connell 
2007; Hou 2009; O’Connell 2010; O’Connell 2012]. Fur-
ther evidence demonstrates that inflammatory factors might 

Figure 5. Correlation analysis of miRNA-155. TNF-α, tumor necrosis factor-α; CRP, C-reactive protein; IL-6, interleukin-6; LAD, left atrium diameter; BNP, 
B-type natriuretic peptide.
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promote the participation of miRNA-155 in the pathologi-
cal process of AF [Rebane 2013]. Nevertheless, the precise 
mechanism that inflammation contributes to development of 
AF remains unclear [Aviles 2003; Kannel 2009]. These find-
ings suggest that the inflammatory markers, such as TNF-α, 
CRP, and IL-6, have been most frequently applied to AF 
research, further indicating that inflammation is associated 
with AF, and these inflammatory markers have been described 
as involved in the pathogenesis of triggering and maintaining 
AF attacks [Sardu 2017].

In addition, another study proposes that inflammatory 
stimulation [eg, IFN-γ, IL-6, lipopolysaccharide (LPS), and 
poly(I:C) treatment] induces the overexpression of miRNA-
155 in breast cancer cells. This result is consistent with the 
idea that inflammation-induced miRNA-155 expression may 
contribute to inflammation-related cancers [Jiang 2010]. 
Recently, there is also a report regarding the strong associa-
tion between inflammation and miRNA-155, which markedly 
promotes cell proliferation and secretion of proinflammatory 
markers, such as IL-6, TNF-α, IL-1β, and IFN-γ. In vivo 
studies have shown that anti–miRNA-155 administration can 
alleviate DSS-induced intestinal inflammation in BALB/c 
mice [Lu 2017].

Our analysis demonstrated an association between miRNA-
155 and inflammation and found that TNF-α, CRP, and IL-6 
levels markedly increased for those recurrent patients with 
AF. In addition, miRNA-155 expression was positively cor-
related with TNF-α, CRP, and IL-6 in the recurrent group. 
These results corroborated the existence of close associations 
among miRNA-155, AF, and inflammation. Therefore, we 
speculated that the effects of intense inflammation might give 
rise to AF recurrence, further indicating that miRNA-155 
might be a useful marker for evaluating AF recurrence. 

BNP is a predictive biomarker of clinical outcomes. 
This has been confirmed in terms of being a cardiac 

mortality-predictor biomarker in cardiac and noncardiac dis-
eases. Evidence provided by Katsanos et al showed that 6% 
of elderly patients undergoing fracture surgery experienced 
major cardiac events postoperatively during their hospital-
ization. A postoperative increase in BNP levels was the most 
important predictor of 1-year mortality [Katsanos 2017]. Fur-
ther analysis confirmed that BNP substantially improved AF 
risk prediction in addition to that provided by clinical fac-
tors in an independently replicated, heterogeneous popula-
tion [Sinner 2014]. In our view, increased BNP levels were 
significantly associated with AF recurrence, and BNP levels 
were positively correlated with miRNA-155 levels in patients 
with AF recurrence. These findings demonstrated that the 
miRNA-155 might serve as a novel putative predictor for 
evaluating AF recurrence risk.

Atrial Dilation and miRNA-155
The results of a previous study have suggested that varia-

tion of pulmonary veins play a part in the maintenance of AF. 
Dilated pulmonary veins are associated with a high degree 
of stretching, and the stretch-induced arrhythmogenic activ-
ity of pulmonary veins may contribute to the initiation of AF 
[Chang 2007]. Atrial remodeling has been confirmed to relate 
to the pathogenesis of AF and is characterized by several atrial 
structural and functional alterations. These changes can be 
classified as electrical remodeling and structural remodel-
ing. Previous reports propose that atrial enlargement is one 
of the components of structural remodeling. Its hallmark is 
atrial fibrosis [Li 1999; Allessie 2002], which affects the left 
atrium and is a major determinant of the progression of AF  
[Marrouche 2014]. Moreover, the presence of left atrium 
fibrosis is a risk factor for AF recurrence after radiofrequency 
catheter ablation [den Uijl 2011]. miRNA-155 has been con-
firmed to be closely related in pathological cardiac remod-
eling [Chang 2007]. Further analysis found that the loss of 
miRNA-155 in fibroblasts protected left ventricular function 
after experimental acute myocardial infarction and that the 
overexpression of miRNA-155 in cardiac fibroblasts was a 
potent contributor to cardiac remodeling [Chang 2007]. 

Recently, the assessment of left atrial fibrosis via 2-dimen-
sional echocardiography-derived integrated backscatter has 
been validated. The value of this index in the left atrium is 
well correlated with the extent of collagen inside the left 
atrium appendage. The recent study found that patients with 
a large left atrium had higher values of calibrated integrated 
backscatter than patients with a small left atrium [den Uijl 
2011]. Left atrial dilatation is an important risk factor for AF 
recurrence after radiofrequency catheter ablation [den Uijl 
2011], and the pathological process may be related to mecha-
noelectrical feedback having arisen by increased stretch in the 
pulmonary veins and to the fact that atrial enlargement can 
alter atrial refractoriness and dispersion and increase vulner-
ability to AF [Chang 2007].

Evidence exists demonstrating that external stressors of 
the left atrium in AF patients can encourage cardiac archi-
tecture changes that touch off left atrial structural remodel-
ing [Casaclang-Verzosa 2008]. The hallmark of these macro-
scopic cardiac architecture changes is atrial dilation [Ausma 

Figure 5. Correlation analysis of miRNA-155. TNF-α, tumor necrosis 
factor-α; CRP, C-reactive protein; IL-6, interleukin-6; LAD, left atrium 
diameter; BNP, B-type natriuretic peptide.
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1997]. Significant microscopic changes include cellular 
hypertrophy, fibrosis, dedifferentiation, myolysis, apoptosis, 
and mitochondrial and sarcoplasmic reticulum disruption  
[Aimé-Sempé 1999; Rücker-Martin 2002; Xu 2004; Verheule 
2010]. These macroscopic and microscopic changes can 
directly or indirectly lead to pressure or volume overload of 
the atria. This augmented atrial load contributes to atrial dila-
tation and stretching [Vaziri 1995]. 

In this study, our analysis suggests that the LAD in patients 
with AF is significantly greater in the recurrent group than 
in the nonrecurrent group, possibly indicating that the aug-
mented atrial load might occur in patients with AF recurrence. 
Other evidence indicates the existence of significant positive 
correlations between miRNA-155 expression, LAD of AF 
patients, plasma levels of hsCRP, and AF duration. Thus, 
LAD, AF duration, and hsCRP levels can be considered as 
predictors of increased risk of AF recurrence [Marchese 2011; 
Cai 2013], indicating that the pathological process of AF 
recurrence might cause pressure or volume overload of the 
atria. These findings are also confirmed in our research. Our 
findings lead us to propose that plasma miRNA-155 levels 
are correlated with increased LAD in the recurrent group, 
with the conjecture that miRNA-155 levels might be closely 
related to atrial dilatation, which arouses atrial remodeling as 
a further direct consequence of AF.

Our analysis of the ROC curves indicates that plasma 
miRNA-155 levels seem to have diagnostic significance for 
predicting AF recurrence. On the basis of these findings, we 
think that miRNA-155 might be closely related to the occur-
rence and development of AF, indicating that the presence 
of upregulation of miRNA-155 in association with inflamma-
tion might contribute to atrial remodeling in patients with 
AF recurrence.

CONCLUSIONS

In the current study, the presences of persistent AF and a 
history of MVD were related to a higher risk for AF recur-
rence after ablation. There were no significant differences in 
age, gender, duration of AF, hypertension, DM, CAD, and 
hyperlipidemia between the 2 groups.

Plasma miRNA-155 levels, which were closely related to 
LAD and the levels of CRP, BNP, as well as IL-6, were proved 
to play an important role in the pathological process of AF 
recurrence. Consequently, miRNA-155 levels were available 
for prediction of AF recurrence after cardioversion and might 
be an effective early warning marker and intervention target 
for AF patients.

LIMITATIONS OF THE STUDY

There are some limitations in the current study. First, other 
miRNAs may also be involved in AF pathogenesis [Sardu 
2015]. Single gene research may have limitations in evaluating 
recurrence of AF. Second, the left atrium volume can describe 
atrial cardiomyopathy during AF processes [January 2014; 

Kirchhof 2016; Pison 2016]. And LAD cannot reflect the 
higher sensitivity of the changes of left atrial function com-
pared with left atrial volume. Third, the imaging technique 
can be used to study atrial fibrosis and remodeling and to pre-
dict their outcomes [Chang 2007]. Nevertheless, we used only 
ultrasonic diagnostic evidence in AF patients because of the 
high cost of MRI. Although the presence of a history of MVD 
was related to a higher risk for AF recurrence, the value of 
EF, representing the function of the left ventricle, was normal 
because of less population analysis in this study.
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