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Serum miR-222 is independently 
associated with atrial fibrillation in patients 
with degenerative valvular heart disease
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Abstract 

Background: Inflammation is involved in the progression of degenerative valvular heart disease (DVHD). micro-
RNA-222 (miR-222) contributes to inflammation-mediated vascular remodeling, but its involvement in DVHD in 
relation to atrial fibrillation (AF) is unknown. This study aimed to investigate the changes in miR-222, interleukin (IL)-6, 
high-sensitivity C-reactive protein (hs-CRP), and N-terminal pro-brain natriuretic peptide (NT-proBNP) in patients with 
DVHD complicated with AF.

Methods: This was a case control study of patients with DVHD who were hospitalized at the Geriatrics Department 
of the Affiliated Huai’an Hospital of Xuzhou Medical University between 01/2017 and 08/2018. The participants were 
grouped according to the presence of AF, and serum miR-222, IL-6, hs-CRP, and NT-proBNP levels were compared.

Results: There were fifty-two participants (28 males) in the DVHD with AF group, aged 60–80 years (73.0 ± 5.9 years). 
Sixty participants (31 males) were included in the DVHD without AF group, aged 60–80 years (71.9 ± 6.92 years). 
There were no significant differences in age, sex, body mass index, fasting blood glucose, triglycerides, cholesterol, 
and blood pressure between the two groups. The serum levels of miRNA-222, IL-6, hs-CRP, and NT-proBNP in DVHD 
patients were significantly higher in those with AF compared with the non-AF group (all P < 0.05). Correlation analy-
ses revealed that IL-6, hs-CRP, and NT-proBNP levels were positively correlated with miR-222 levels in all patients (IL-6: 
r = 0.507, P < 0.01; hs-CRP: r = 0.390, P < 0.01; NT-proBNP: r = 0.509, P < 0.01).

Conclusions: Serum miR-222 was independently associated with AF in patients with DVHD.

Keywords: Degenerative valvular heart disease, MicroRNA, Interleukin-6, Brain natriuretic peptide

© The Author(s) 2021. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material 
in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material 
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://crea-
tivecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdo-
main/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Degenerative valvular heart disease (DVHD), also 
known as calcific aortic valve disease, represents a com-
mon heart disease in the elderly and is characterized 
by the deposition of a large amount of calcium in a car-
diac valve. In the United States, the prevalence rates of 
DVHD is 0.86% in the adult population and 2.8% in peo-
ple ≥ 75 years of age [1]. DVHD can lead to heart failure, 

arrhythmia, and even sudden death in the elderly [2–5]. 
Its risk factors include high levels of von Willebrand fac-
tor, congenital abnormality, age, metabolic syndrome, 
elevated lipoprotein amounts, and the classical risk fac-
tors for atherosclerosis [5].

Atrial fibrillation (AF) is a common supraventricular 
tachyarrhythmia caused by uncoordinated atrial activa-
tion and associated with an irregularly irregular ventricu-
lar response [6, 7]. Causes of atrial fibrillation include an 
underlying structural heart disease, metabolic disorders, 
endocrine diseases, and certain medications [6, 7]. The 
prevalence of AF is approximately 1–2% in the general 
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population in developed countries [6, 7]. AF may lead to 
systemic embolization and heart failure [6, 7]. AF is an 
independent risk factor in patients with valve calcifica-
tion [8].

Calcific aortic stenosis results from processes similar to 
atherosclerosis, including lipid accumulation and damage 
to endothelial cells (e.g., due to stress or radiation) that 
allows infiltration of lipids into the fibrosa; lipid infiltra-
tion and accumulation may recruit inflammatory cells 
(such as macrophages) into the aortic valve, and bioactive 
lipid species may be formed due to oxidation, which fur-
ther promotes inflammation and mineralization of valve 
leaflets [5]. Inflammation is considered to be involved in 
the osteogenic processes leading to mineralization and 
calcification [9]. Matrix metalloproteinases (MMPs) are 
overexpressed, resulting in remodeling of valve tissue 
and the accumulation of disorganized fibrous tissue [9]. 
Various cytokines secreted by inflammatory cells, such as 
tumor necrosis factor (TNF)-α and interleukin (IL)-6, are 
involved in molecular pathways leading to mineralization 
and calcification [9].

Many studies have shown that microRNAs are involved 
in valve calcification [10, 11]. Studies also revealed that 
the expression levels of miR-125b and chemokine recep-
tor type 4 (CCR4) are increased in patients with calcific 
aortic valve disease, suggesting that miRNA and inflam-
matory responses are important in the development and 
progression of valvular heart disease [12, 13]. A previous 
study reported that miR-222 is involved in inflammation-
mediated vascular remodeling [14].

Nevertheless, studies assessing the relationship 
between microRNA-222 (miR-222) and DVHD are rare. 
The present study aimed to investigate the differences of 
miR-222, IL-6, high-sensitivity C-reactive protein (hs-
CRP), and N-terminal pro-brain natriuretic peptide (NT-
proBNP) levels in patients with DVHD with or without 
AF.

Methods
Participants
This was a case control study of patients with DVHD who 
were hospitalized at the Geriatrics Department of the 
Affiliated Huai’an Hospital of Xuzhou Medical University 
between January 2017 and August 2018. Inclusion crite-
ria were: (1) age ≥ 60  years old; (2) diagnosis of DVHD 
by Philips IE33 color Doppler ultrasonography. DVHD 
was diagnosed by ultrasound as follows: with the echo 
of the aortic root’s posterior wall or the mitral annulus’ 
inferior ventricular wall as an internal reference, the valve 
or annulus was judged as calcified if the echo of the pos-
terior wall was greater than or equal to that of the reflex 
of the posterior wall. Specific determination criteria 
were: (1) aortic valve calcification (aortic valve thickening 

≥ 3 mm), enhanced echo, valve lobe stiffness and limited 
movement; (2) mitral valve and annulus calcification, 
mitral valve and annulus showing patchy echo enhance-
ment between the posterior wall of the left ventricle 
and thickness ≥ 3 mm) [15]. Exclusion criteria were: (1) 
a history of malignant tumor or connective tissue; (2) a 
history of infectious diseases within the last two weeks 
(based on medical records or patient reports); (3) medi-
cation history of non-steroidal anti-inflammatory drugs, 
corticosteroids and immunosuppressive drugs (e.g., 
methotrexate, cyclophosphamide, azathioprine, hydrox-
ychloroquine and salazosulfapyridine), except aspirin, 
within two weeks. Patients with AF diagnosed using a 
routine 12-lead electrocardiogram (ECG) or dynamic 
electrocardiogram (DCG) were assigned to the DVHD 
with AF group [16]. Then, they were frequency-matched 
by age and sex with individuals among DVHD patients 
without AF treated in the same department.

This study was approved by the Medical Ethics Com-
mittee of Huai’an Hospital Affiliated to Xuzhou Medi-
cal University. All patients provided signed informed 
consent.

Serum tests
All the serum tests were performed within 2  days of 
admission. Fasting antecubital venous blood samples 
(4  mL) were collected. After centrifugation, serum 
was collected and stored at −80  °C until analysis. The 
detection of serum miRNA-222 was performed by real-
time polymerase chain reaction (real-time PCR). Total 
RNA was extracted using a Trizol kit (Invitrogen Inc., 
Carlsbad, CA, USA). An RNA reverse transcription kit 
(GeneCopoeia, Rockville, MD, USA) was used to reverse-
transcribe the RNA into cDNA for real-time PCR. The 
amplification conditions were: (1) 95  °C for 5  min, 10 
cycles; and (2) 95 °C for 5 s and 60 °C for 31 s, 40 cycles. 
The melting curve conditions were: (1) 95 °C for 15 s; (2) 
60 °C for 30 s; and (3) 95 °C for 15 s. The Ct values were 
used to represent the expression level of miRNA-222. U6 
was used as an internal reference. The relative expression 
level of miRNA in each sample was calculated by the  2−
ΔΔCt method [17].

The detection of serum IL-6 was performed using 
a quantitative enzyme-linked immunosorbent assay 
(ELISA) (Xiamen Huijia Biotechnology Co., Ltd., Xia-
men, China), according to the manufacturer’s instruc-
tions. A RAYTO RT-6000 detector was used for data 
acquisition. The serum hs-CRP assay was performed 
using an immunoturbidimetric method on an AU5800 
immunoturbidimetric turbidity analyzer (Beckman Coul-
ter, Brea, CA, USA). The reagent kit was provided by 
LiangChen Bio (Suzhou) Corporation (Suzhou, China). 
The intra-assay coefficient of variation (CV) was < 5% and 
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the inter-assay CV was < 10%. The normal reference value 
was ≤ 3 mg/L. The detection of serum NT-proBNP was 
performed by the chemiluminescence method (bioMer-
ieux, Marcy l’Étoile, France), strictly following the manu-
facturer’s instructions.

Data collection and definition
Age, sex, body mass index (BMI), fasting blood glucose, 
triglycerides (TG), total cholesterol (TC), systolic blood 
pressure (SBP), diastolic blood pressure (DBP), hyper-
tension, diabetes, and left ventricular ejection fraction 
(LVEF) were measured, for blood markers, from the same 
blood sampling as miR-222, hs-CRP, and NT-proBNP, or, 
for other assessments, within 6 h of blood sampling.

Statistical analysis
All analyses were performed using SPSS 17.0 (IBM, 
Armonk, NY, USA) and GraphPad Prism 7.0 (GraphPad 
Software Inc., San Diego, CA, USA). Continuous data 
were expressed as mean ± standard deviation and ana-
lyzed by the Student t-test (comparisons of two groups). 
Categorical variables were presented as number (per-
centage) and analyzed by the chi-square test or Fisher’s 
exact test, as appropriate. Correlations were analyzed by 
Pearson correlation analysis. Multivariate logistic regres-
sion analysis was performed to assess associations with 
DVHD combined with AF. Parameters with P < 0.05 in 

univariable analysis were included in multivariate logistic 
regression analysis by the enter method. P < 0.05 was con-
sidered statistically significant.

Results
Characteristics of the participants
A total of 112 patients were included. Fifty-two 
patients (28 males and 24 females) were included in the 
DVHD with AF group; the age range was 60–80  years 
(73.0 ± 5.9 years). Sixty patients (31 males and 29 females) 
were included in the DVHD without AF group; the age 
range was 60–80  years (71.9 ± 6.92  years). There were 
no significant differences in age, sex, BMI, fasting blood 
glucose, TG, TC, SBP, and DBP between the two groups. 
In addition, there were no marked differences between 
the two groups in the percentages of patients using anti-
platelet aggregation agents or anticoagulants, statins, and 
angiotensin converting enzyme inhibitors or angiotensin 
II receptor antagonists (ACEI/ARB) (Table 1).

Serum miRNA‑222, IL‑6, hs‑CRP, and NT‑proBNP levels
As shown in Fig.  1, serum levels of miRNA-222, IL-6, 
hs-CRP, and NT-proBNP in DVHD patients were sig-
nificantly higher in those with DVHD and AF compared 
with the non-AF group (all P < 0.05).

Multivariate logistic regression analysis was performed 
with DVHD combined with AF as the dependent variable 

Table 1 Characteristics of the participants with DVHD

SD standard deviation, TG triglycerides, TC total cholesterol, SBP systolic blood pressure, DBP diastolic blood pressure, LVEF left ventricular ejection fraction, ACEI 
angiotensin converting enzyme inhibitors, ARB angiotensin receptor blocker

Without AF
(n = 60)

With AF
(n = 52)

P

Age, years, mean ± SD 71.9 ± 6.9 72.9 ± 5.9 0.829

Age > 75, n (%) 21 (35) 22(42) 0.443

Male, n (%) 31 (40.3) 28 (53.8) 0.703

Type of DVHD, n (%)

 Aortic valve 16 (26.7) 19 (36.5) 0.157

 Mitral valve 15 (25) 13 (25) 0.175

 Aortic valve and mitral valve 29 (48.3) 20 (38.4) 0.134

Body mass index, kg/m2, mean ± SD 25.2 ± 2.2 24.6 ± 2.3 0.806

Fasting blood glucose, mmol/L, mean ± SD 5.9 ± 1.1 5.7 ± 1.0 0.825

TG, mmol/L, mean ± SD 1.7 ± 1.0 1.7 ± 1.0 0.813

TC, mmol/L, mean ± SD 4.4 ± 1.1 4.5 ± 1.1 0.820

SBP, mmHg, mean ± SD 129.5 ± 10.2 126.3 ± 13.6 0.792

DBP, mmHg, mean ± SD 68.3 ± 7.0 66.6 ± 6.2 0.855

Hypertension, n (%) 38 (63.3) 35 (67.3) 0.695

Diabetes, n (%) 32 (53.5) 31 (59.6) 0.569

LVEF, %, mean ± SD 54.85 ± 6.96 54.4 ± 9.0 0.843

Use of antiplatelet aggregation agents or anticoagulants, n (%) 58 (96.6) 51 (98.1) 0.554

Use of statins, n (%) 57 (95.0) 50 (96.1) 0.568

Use of ACEI/ARB, n (%) 38 (63.3) 34 (65.4) 0.489
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and serum mirNA-222, IL-6, HS-CRP and NT-proBNP 
levels as independent variables. The results revealed 
serum mirNA-222 levels (OR = 64.631, 95%CI: 3.1–
1347.6, P = 0.007) as an independent predictive factor of 
DVHD combined AF. Detailed results of the multivariate 
analysis are shown in Table 2.

Correlations
Correlation analyses revealed that IL-6, hs-CRP, and NT-
proBNP levels were positively correlated with miR-222 

levels in all patients (IL-6: r = 0.507, P < 0.01; hs-CRP: 
r = 0.390, P < 0.01; NT-proBNP: r = 0.509, P < 0.01).

Discussion
Inflammation is involved in the progression of DVHD. 
Meanwhile, miR-222 contributes to inflammation-medi-
ated vascular remodeling, but its involvement in DVHD 
in relation to AF is unknown. Therefore, this study aimed 
to investigate the changes in miR-222, IL-6, hs-CRP, 
and NT-proBNP in patients with DVHD complicated 
with AF. The results suggest that serum miR-222, IL-6, 
hs-CRP, and NT-proBNP were associated with AF in 
patients with DVHD.

MiRNAs are endogenous, highly evolutionarily con-
served, single-stranded, non-coding small RNAs [18, 19]. 
By binding to the 3′UTR regions of target mRNAs, miR-
NAs regulate gene expression to participate in the occur-
rence and development of various cellular biological 
processes such as apoptosis, angiogenesis, inflammation, 
and ischemic preconditioning [18, 19]. The expression 
levels of miRNAs vary greatly in different health and 
disease states, and are often tissue-specific. Detection 

Fig. 1 Serum miRNA-222, IL-6, hs-CRP, and NT-proBNP levels. a MiRNA-222 levels in the DVHD with AF (0.473 ± 0.154) and DVHD without AF 
(0.389 ± 0.160) groups (P = 0.006). b IL-6 levels in the DVHD with AF (5.26 ± 1.68 ng/L) and DVHD without AF (4.31 ± 1.73 ng/L) groups (P = 0.004). c 
hs-CRP levels in the DVHD with AF (5.00 ± 1.86 mg/L) and DVHD without AF (4.33 ± 1.65 mg/L) groups (P = 0.046). d NT-proBNP levels in the DVHD 
with AF (897.37 ± 452.16 pg/ml) and DVHD without AF (695.22 ± 372.18 pg/ml) groups (P = 0.011). IL-6, Interleukin (IL)-6; hs-CRP, high-sensitivity 
C-reactive protein; NT-proBNP, N-terminal pro b-type natriuretic peptide; DVHD, degenerative valvular heart disease; AF, atrial fibrillation

Table 2 Multivariate logistic regression analysis of  serum 
miRNA-222, IL-6, hs-CRP and NT-proBNP levels in patients 
with DVHD combined with AF

OR (95%CI) P

miRNA-222  (2−△△Ct) 64.631 (3.1–1347.6) 0.007

IL-6 (ng/L) 1.001 (0.714–1.402) 0.997

hs-CRP (mg/L) 1.075 (0.873–1.324) 0.497

NT-proBNP (pg/ml) 1.000 (0.998–1.001) 0.573
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of the levels of different miRNAs in blood, body fluids, 
and tissues can be used as a marker for the diagnosis of 
a given disease and/or a therapeutic target [20, 21]. Stud-
ies showed that miR-333 is involved in the development 
of atherosclerosis in acute coronary syndrome [22]. MiR-
126 expression is lower in patients with heart failure and 
AF [23]. Meanwhile, miR-150 is a predictor of heart fail-
ure after myocardial infarction [24]. Blood miR-125, miR-
126, miR-21, miR-29b, and miR-30b are downregulated 
in patients with DVHD [25]. The present study showed 
that the serum levels of miRNA-222, IL-6, hs-CRP, and 
NT-proBNP in patients with DVHD with AF were sig-
nificantly higher compared with those of patients with 
DVHD without AF.

Next, multivariate logistic regression analysis was per-
formed to assess mirNA-222, IL-6, HS-CRP and NT-
proBNP levels for independent associations with DVHD 
complicated with AF. Of these, only mirNA-222 level was 
independently associated with DVHD complicated with 
AF. Other reports have demonstrated the roles of miR-
NAs in DVHD accompanied by AF. For example, the 
levels of miRNA-146b-5p and miRNA-155, which are 
known to be correlated with inflammation, are indepen-
dently and positively associated with left atrium dimen-
sion and atrial fibrillation duration [26]. Another report 
suggested that miR-10b and miR-138–2, which are sig-
nificantly increased in the left atrium of individuals with 
AF-associated rheumatic mitral valve disease (RMVD), 
are responsible for morphological and physiological phe-
notype differences between the left and right atria [27].

MiRNAs may participate in the AF regulation process 
through various mechanisms. For instance, miR-155-5p 
and miR-24-3p levels are greatly reduced in post-ablation 
AF patients compared with AF patients not administered 
ablation [28]. In addition, NO levels were much lower in 
the AF + group compared with the AF- group. In a swine 
model of AF, as targets of miR-155-5p and miR-24-3p, 
eNOS and NO had increased amounts with decreasing 
miR-155-5p and miR-24-3p amounts, indicating that the 
above miRNAs are involved in the pathogenesis of AF via 
eNOS and NO regulation [28]. Meanwhile, miR-21 was 
detected in atrial myocytes from patients in the sinus 
rhythm, with significantly greater expression in chronic 
atrial fibrillation myocytes [29]. In addition, miR-21 
showed inverse correlations with α1c subunit of the cal-
cium channel (CACNA1C) gene expression and I(Ca,L) 
density [29].

The present study also found that IL-6, hs-CRP, and 
NT-proBNP levels were positively correlated with miR-
222 levels in all participants. These findings suggest that 
miRNA-222, IL-6, hs-CRP, and NT-proBNP might be 
involved in the exacerbation of DVHD accompanied by 
AF through the following potential mechanisms. Studies 

showed that valve degeneration is related to lipid depo-
sition and inflammation [30]. In addition, miR-148a-3p 
was shown to be involved in the inflammatory response 
of the valve [31]. The present study found that miR-
222, IL-6, and hs-CRP levels were significantly elevated 
in patients with DVHD, suggesting that inflammatory 
responses are involved in the development of degen-
erative valvular disease. Indeed, hs-CRP is a marker of 
low-grade systemic inflammation, and IL-6 is a pro-
inflammatory cytokine [32, 33]. Investigation of the 
involvement of miRNAs in the regulation of heart aging 
through inflammatory responses showed that the miRNA 
let-7 inhibits angiotensin II-induced cardiomyopathy 
and fibrosis by inhibiting the expression of IL-6 and mul-
tiple collagens in the heart [34]. Patel et  al. [35] found 
that changes in shear-sensitive miRNAs in aortic valve 
endothelial cells are involved in the development and 
progression of aortic valve diseases. Rathan et  al. [36] 
showed that miRNA-214 is a shear-dependent miRNA 
that regulates key mechanosensitive genes related to aor-
tic valve calcification, such as transforming growth factor 
(TGF)-β1. Animal experiments also showed that the IL-6 
signal transduction pathway is involved in the mechano-
biological response of aortic valve interstitial cells to pro-
mote aortic valve calcification [37]. Studies showed that 
RNAs affect valve calcification by regulating the levels of 
osteocalcin [38]. MiR-138 inhibits aortic valve calcifica-
tion by inhibiting osteogenic differentiation of interstitial 
valve cells [39]. IL-6 expression is elevated in human cal-
cific aortic valve disease, and phosphate-induced valve 
mineralization chiefly relies on IL-6 expression [40]. 
Studies showed that the expression of hypoxia-induced 
miR-210 is increased in peripheral plasma, monocytes, 
and skeletal muscle of rats with heart failure [41]. The 
levels of miRNA-222 in peripheral blood from patients 
with coronary artery stenosis are increased during dobu-
tamine stress echocardiograms [42]. Therefore, miRNAs 
participate in DVHD through inflammatory responses, 
mechanical stress, calcification and osteogenesis, and 
oxidative stress. Of note, many of those miRNAs are also 
involved in AF [27–29], and there is a possibility of syn-
ergistic effects among those involved in DVHD and AF. 
Additional transcriptome-wide studies are necessary to 
identify those relationships.

This study had limitations. First, the sample size was 
small, and only one miRNA was assessed. Further stud-
ies are necessary to examine the roles of miRNAs in 
DVHD. In addition, the panel of inflammatory markers 
was limited, and oxidative stress assessment and quanti-
fication of valve calcification were not performed. Finally, 
the clinical history of patients and DVHD severity were 
not taken into consideration, which might highly bias 
our findings. Therefore, previous myocardial infarction, 
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stroke, chronic kidney disease and liver disease should 
be evaluated for their effects on miRNA-222, IL-6 and 
NT-proBNP.

Conclusions
Overall, miR222 and inflammatory responses may be 
involved in the exacerbation of DVHD by AF. Com-
bined detection of miRNA-222, IL-6, and NT-proBNP 
could assist in the evaluation and clinical management of 
DVHD.
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