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Abstract. MicroRNAs (miRNAs/miRs) may be used as 
novel promising diagnostic and prognostic biomarkers for 
various diseases, including asymptomatic carotid artery 
stenosis (ACAS). The present study aimed to investigate the 
abnormal expression of microRNA‑483‑5p (miR‑483‑5p) in 
patients with ACAS and to evaluate its diagnostic value for 
ACAS screening and its predictive value for cerebrovascular 
events. A total of 128 patients with ACAS and 76 healthy 
controls were included in the present study. The expression 
of miR‑483‑5p in serum was measured by reverse transcrip‑
tion‑quantitative PCR. Receiver operating characteristic 
(ROC) curve analysis was used to evaluate the diagnostic 
value of miR‑483‑5p in patients with ACAS. Kaplan‑Meier 
curves were drawn and Cox regression analysis was used to 
determine the predictive value of miR‑483‑5p for cerebro‑
vascular events in patients with ACAS. Serum miR‑483‑5p 
levels were significantly increased in patients with ACAS 
as compared with those in healthy controls. The expression 
of miR‑483‑5p was significantly associated with diabetes 
(P=0.011), dyslipidemia (P=0.047) and the degree of carotid 
stenosis (P=0.006) in patients with ACAS. In addition, the area 
under the ROC curve was 0.910, with a sensitivity of 80.5% and 
a specificity of 89.5% at the cutoff value of 0.705, indicating 
that serum miR‑483‑5p expression has a certain diagnostic 
value in patients with ACAS. Furthermore, the patients with 
high miR‑483‑5p expression had a higher proportion of cere‑
brovascular events than patients with low miR‑483‑5p levels 

(log‑rank P=0.011) and miR‑483‑5p was an independent prog‑
nostic marker for predicting the occurrence of cerebrovascular 
events in patients with ACAS. The results indicated that 
miR‑483‑5p expression is significantly increased in patients 
with ACAS and that abnormal miR‑483‑5p expression may be 
a candidate biomarker for ACAS diagnosis and the prediction 
of cerebrovascular event occurrence.

Introduction

The carotid artery is one of the main blood vessels supplying 
the brain, and carotid artery stenosis (CAS) may lead to 
symptoms of cerebral ischemia. Cerebrovascular events seri‑
ously affect human life, health and safety, mainly including 
transient ischemic events (TIA) and stroke. CAS is a risk 
factor for cerebrovascular events and is frequently caused by 
atherosclerosis (1,2). The symptoms of TIA are typically of 
short duration, unspecific and easily misinterpreted or ignored 
by both patients and physicians. In addition, 20% of patients 
with ischemic stroke develop TIA within hours to days prior 
to stroke (3). Therefore, it is important to identify the patients 
with CAS at high risk of TIA or other cerebrovascular events 
early. CAS is divided into two types, symptomatic CAS and 
asymptomatic CAS (ACAS), based on the presence or absence 
of symptoms, respectively (4). As patients with ACAS do not 
exhibit any typical symptoms, they have a high risk of cerebro‑
vascular events. At present, numerous preventive or therapeutic 
measures for CAS are in use, such as endarterectomy, stent 
implantation (5) and drug therapy (1). However, for patients 
with ACAS, CAS surgery is controversial (6). Furthermore, 
patients with ACAS treated with statins and antiplatelet drugs 
were observed to have a certain risk of stroke (7). Therefore, it 
is important to identify markers for early diagnosis of ACAS 
and the prediction of cerebrovascular events such as TIA and 
stroke.

MicroRNAs (miRNAs/miRs) are a class of small 
non‑coding RNAs that have functional roles by regulating 
their target genes (8). In addition, miRNAs serve as attractive 
targets for prognostication and therapeutic applications due to 
their frequent dysregulation in disease (9). It has been indicated 
that miRNAs are closely related to human diseases, such as 
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Alzheimer's disease (10), periodontal disease (11) and cardio‑
vascular disease (12). Abnormal expression of miRNAs, such 
as miR‑106b‑5p (13) and miR‑92a (14), has been detected in 
association with the physiological and pathological processes 
of ACAS, suggesting that miRNAs may be involved in ACAS. 
Early studies suggested that miR‑483‑5p has an inhibitory 
effect on angiogenesis (15), and angiogenesis is an important 
factor in the initiation and progression of atherosclerosis. In 
addition, miR‑483‑5p, a possible stroke‑associated miRNA, 
was upregulated in patients with ischemic stroke  (16). Its 
expression was significantly associated with obesity and 
diabetes mellitus, which are risk factors for the development 
of CAS (17). However, the role of miR‑483‑5p in processes of 
ACAS has remained elusive. 

Therefore, the present study was performed to analyze the 
expression of miR‑483‑5p in patients with ACAS, and investi‑
gate its diagnostic value for ACAS and its predictive value for 
cerebrovascular events.

Materials and methods

Patients and sample collection. The present clinical study 
was approved by the Ethics Committee of Weifang Hospital 
of Traditional Chinese Medicine (Weifang, China) and written 
informed consent was obtained from each participant prior 
to blood sampling. The present study included 128 patients 
with ACAS who visited Weifang Hospital of Traditional 
Chinese Medicine (Weifang, China) between March 2012 and 
May 2015. All patients underwent color Doppler ultrasound 
examination and the degree of carotid stenosis was calculated 
according to the ultrasound results. The included patients with 
ACAS met the following criteria: i) Ipsilateral internal carotid 
artery with >50% stenosis; ii) age >18 years; iii) no history 
of TIA or stroke; iv) no malignant tumors and no history of 
malignant tumors; and v) not currently pregnant. In addition, 
76 healthy controls matched with the patients with ACAS by 
age and sex were recruited from a cohort of periodic health 
examination participants in the same hospital during the same 
time period. All healthy controls were free of cerebrovascular 
disease, cardiovascular disease, chronic inflammatory disease, 
metabolic disease, pregnancy or lactation. Blood samples were 
drawn from each subject and serum was collected by centrifu‑
gation and stored at ‑80˚C for future use.

Data collection. The demographic and clinicopathological 
characteristics of the participants were recorded on admission, 
including age, sex, body mass index (BMI), total cholesterol 
(TC), triglycerides (TG), low‑density lipoprotein cholesterol 
(LDL‑C), high‑density lipoprotein cholesterol (HDL‑C) and 
fasting plasma glucose (FPG). The presence of diabetes, 
hypertension, dyslipidemia and degree of carotid stenosis in 
patients with ACAS were also detected.

Follow‑up for cerebrovascular event occurrence. All patients 
were followed up for 5 years. The occurrence of cerebrovas‑
cular events, including TIA, stroke and sudden death, was 
recorded. Patients who died of other unrelated causes were 
excluded from the study. The diagnosis of stroke and TIA 
was according to the American Heart Association/American 
Stroke Association guidelines (18).

RNA extraction and reverse transcription‑quantitative PCR 
(RT‑qPCR). Total RNA in the serum of each subject was 
extracted using TRIzol® reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) following the manufacturer's protocol. The 
purity and concentration of RNA were confirmed using 
a NanoDrop®  2000 (Thermo Fisher Scientific, Inc.). The 
obtained RNA was then used for reverse transcription (RT) 
to synthesize cDNA with the PrimeScript™ RT reagent kit 
(Takara Bio, Inc.). The reaction conditions for reverse tran‑
scription are as follows: 42˚C for 30 min and 85˚C for 5 sec. 
The expression level of miR‑483‑5p was measured using 
qPCR, which was performed on a 7300 Real‑Time PCR System 
(Applied Biosystems; Thermo Fisher Scientific, Inc.) by using 
SYBR Green PCR Master Mix kit (Invitrogen; Thermo Fisher 
Scientific, Inc.). The thermocycling conditions were: Initial 
denaturation at 95˚C for 10 min, followed by 40 cycles of 95˚C 
for 30 sec, 60˚C for 30 sec and 72˚C for 10 sec. U6 was used as 
an internal control. The primers were as follows: miR‑483‑5p 
forward, 5'‑GCC​GAG​AAG​ACG​GGA​GGA​AA‑3' and reverse, 
5'‑CTC​AAC​TGG​TGT​CGT​GGA​‑3'; U6 forward, 5'‑CTC​GCT​
TCG​GCA​GCA​CA‑3' and reverse, 5'‑AAC​GCT​TCA​CGA​ATT​
TGC​GT‑3'. The expression of miR‑483‑5p was calculated 
using the 2‑ΔΔCq method (19) and normalized to U6. All proce‑
dures were performed following the manufacturers' protocols.

Statistical analysis. All statistical analyses were performed 
using SPSS 21.0  software (IBM Corp.) and GraphPad 
Prism 7.0 (GraphPad Software Inc.). Values are expressed as 
the mean ± standard deviation. Comparisons between groups 
were performed using unpaired Student's t‑test or the stest. 
Receiver operating characteristic (ROC) curve analysis was 
used to determine the diagnostic value of miR‑483‑5p to 
distinguish between healthy controls and patients with ACAS. 
Kaplan‑Meier (KM) curves and the log‑rank test were used to 
analyze the association between miR‑483‑5p levels and cere‑
brovascular events and the prognostic value of miR‑483‑5p 
in predicting the occurrence of cerebrovascular events was 
assessed by logistic regression using the Cox proportional 
hazards model. P<0.05 was considered to indicate statistical 
significance.

Results

Baseline characteristics of the study cohort. All of the partici‑
pants were divided into a healthy control group (n=76) and 
ACAS patient group (n=128). The baseline characteristics are 
provided in Table I. The healthy control group included 49 males 
and 27 females with an average age of 59.72±7.65 years old. 
The patient group included 86 males and 42 females with an 
average age of 61.19±9.27 years old. No significant differences 
were determined between patients with ACAS and healthy 
controls in terms of age, sex, BMI and HDL‑C (all P>0.05). 
However, compared with the healthy controls, the patients 
with ACAS exhibited significantly increased levels of TC, TG, 
LDL‑C and FPG (all P<0.05).

Expression of serum miR‑483‑5p in patients with ACAS. As 
presented in Fig. 1, the expression of miR‑483‑5p was detected 
in the serum of healthy controls and patients with ACAS by 
RT‑qPCR. The expression of miR‑483‑5p was determined 
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to be significantly higher in patients with ACAS than that in 
healthy control (P<0.001).

Association between serum miR‑483‑5p and clinical char‑
acteristics of patients with ACAS. The relationship between 
serum miR‑483‑5p and clinical characteristics of patients 
with ACAS is provided in  Table  II. Patients with ACAS 
were classified into low (n=60) and high (n=68) miR‑483‑5p 
expression groups based on the mean value (0.93) of 
miR‑483‑5p expression. miR‑483‑5p expression was indi‑
cated to be significantly associated with diabetes (P=0.011), 
dyslipidemia (P=0.047) and the degree of carotid stenosis 
(P=0.006). However, there was no significant association 
between miR‑483‑5p expression and age, gender, BMI or 
hypertension (all P>0.05).

Diagnostic performance of serum miR‑483‑5p for ACAS 
screening. Due to the significantly abnormal expression of 
serum miR‑483‑5p in patients with ACAS, an ROC curve was 
plotted to determine the diagnostic performance of serum 
miR‑483‑5p for ACAS screening (Fig. 2). The area under the 
ROC curve was 0.910 (95% CI: 87.12‑94.94%) with a sensi‑
tivity of 80.5% and a specificity of 89.5% at a cutoff value of 
0.705, indicating that miR‑483‑5p has considerable diagnostic 
accuracy for ACAS screening.

Serum miR‑483‑5p predicts cerebrovascular event onset in 
patients with ACAS. All patients with ACAS were followed 
up for 5  years, but 16 were lost to follow‑up during the 
5‑year follow‑up period due to some of the patients refusing 
follow‑up and could not be contacted. The results of the 5‑year 
follow‑up indicated that 30 patients with ACAS developed 
cerebrovascular events, including 21  TIAs and 9  strokes. 
Among them, a total of 8 cases in the low‑expression group of 
miR‑483‑5p developed cerebrovascular events, while 22 cases 
in the high‑expression group of miR‑483‑5p developed cere‑
brovascular events. KM curves were then plotted to determine 
the association between miR‑483‑5p expression and the onset 
of cerebrovascular events in patients with ACAS. The results 
of the KM curve analysis indicated that patients with high 
expression of miR‑483‑5p had a lower cumulative propor‑
tion of disease‑free subjects compared with patients with low 
miR‑483‑5p expression (log‑rank P=0.011; Fig. 3). The results 
of the Cox regression analysis indicated that miR‑483‑5p was 
independently associated with the occurrence of cerebrovas‑
cular events (P=0.030; Table III). The above results indicated 
that miR‑483‑5p may be used as an independent prognostic 
marker for predicting cerebrovascular events in patients with 
ACAS.

Discussion

A large number of studies have indicated that miRNAs have 
key roles in the occurrence and development of cerebrovas‑
cular diseases, such as miR‑9‑5p (20) and miR‑183‑5p (21). 
In addition, functional miRNAs associated with disease 
progression are also deregulated in ACAS. For instance, 
miR‑106b‑5p (13) and miR‑186‑5p (22) have been indicated to 
be abnormal in ACAS and associated with ACAS progression. 
Yan et al (23) determined that the levels of serum miR‑503‑5p 
in patients with ACAS were significantly reduced compared 
with those in healthy individuals and that miR‑503‑5p was 
able to improve CAS. Thus, abnormal miRNA expression is 
closely associated with the progression of ACAS. However, 
the relationship between miR‑483‑5p expression and ACAS 
had remained to be determined. CAS is generally considered 
the result of atherosclerosis and plaque rupture (24). A study 

Table I. Baseline characteristics of the study cohort.

	 Healthy controls	 ACAS patients	
Indicator	 (n=76)	 (n=128)	 P‑value

Age, years	 59.724±7.652	 61.188±9.267	 0.247
Male sex, %	 64.474	 67.188	 0.692
BMI, kg/m2	 25.179±4.488	 25.985±4.607	 0.224
TC, mM	 5.150±1.068	 5.817±1.136	 <0.001
TG, mM	 1.490±0.283	 1.849±0.394	 <0.001
LDL‑C, mM	 2.893±0.427	 3.144±0.467	 <0.001
HDL‑C, mM	 1.065±0.197	 1.019±0.173	 0.081
FPG, mM	 5.098±0.803	 5.912±1.240	 <0.001

BMI, body mass index; TC, total cholesterol; TG, triglyceride; LDL‑C, low‑density lipoprotein cholesterol; HDL‑C, high‑density lipoprotein 
cholesterol; FPG, fasting plasma glucose; ACAS, asymptomatic carotid artery stenosis.

Figure 1. Expression of miR‑483‑5p in healthy controls and patients with 
ACAS. ***P<0.001 vs. healthy control. miR, microRNA; ACAS, asymptom‑
atic carotid artery stenosis. 
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by Li et al (25) reported that miR‑483‑5p may be a biomarker 
for the early identification of plaque rupture, suggesting the 
potential function of miR‑483‑5p in CAS. In addition, signifi‑
cant correlations of miR‑483‑5p with obesity and diabetes 

mellitus (risk factors associated with the development of CAS) 
have been determined (17). The present study indicated that 
miR‑483‑5p expression was significantly increased in patients 

Figure 3. Kaplan‑Meier curves to evaluate the onset of a cerebrovascular 
events in patients with asymptomatic carotid artery stenosis with different 
miR‑483‑5p expression (log‑rank P=0.011). miR, microRNA. 

Figure 2. ROC curve for the diagnostic value of serum miR‑483‑5p levels for 
screening patients with asymptomatic carotid artery stenosis. The AUC was 
0.910 at the cut‑off value of 0.705. ROC, receiver operating characteristic; 
AUC, area under the ROC curve.  

Table II. Association between serum miR‑483‑5p and the clinical characteristics of patients with asymptomatic carotid artery stenosis.

	 miR‑483‑5p expression
	 Total no.	----------------------------------------------------------------------------
Parameter	 (n=128)	 Low (n=60)	 High (n=68)	 P‑value

Age, years				    0.855
  <60	 48	 22	 26	
  ≥60	 80	 38	 42	
Sex				    0.383
  Female	 42	 22	 20	
  Male	 86	 38	 48	
BMI, kg/m2				    0.390
  <25	 40	 21	 19	
  ≥25	 88	 39	 49	
Diabetes				    0.011
  Negative	 68	 39	 29	
  Positive	 60	 21	 39	
Hypertension				    0.532
  Negative	 56	 28	 28	
  Positive	 72	 32	 40	
Dyslipidemia				    0.047
  Negative	 67	 37	 30	
  Positive	 61	 23	 38	
Degree of carotid stenosis				    0.006
  <70%	 56	 34	 22	
  ≥70%	 72	 26	 46	

BMI, body mass index.
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with ACAS compared with that in healthy controls. In addition, 
an association analysis between serum miR‑483‑5p and clin‑
ical characteristics of patients with ACSA revealed that serum 
miR‑483‑5p was significantly associated with the degree of 
carotid stenosis. Furthermore, miR‑483‑5p has been reported 
to be involved in other diseases, such as prostate cancer (26), 
hepatocellular carcinoma (27) and chronic obstructive pulmo‑
nary disease  (28). Therefore, serum miR‑483‑5p may be 
involved in the development of ACAS.

miRNAs may be easily detected from bodily fluids, 
such as serum and tears, and are stable; thus, they may be 
utilized as potential biomarkers for various diseases (29,30). 
For instance, Jia and Liu (31) determined that miR‑223 is 
a biomarker for Alzheimer's disease. Furthermore, serum 
miR‑300 may serve as a biomarker for the diagnosis and 
prognosis of osteosarcoma (32). A study by Kong et al (33) 
indicated that serum miR‑25 may serve as a diagnostic and 
prognostic biomarker for human gastric cancer. Of note, 
numerous studies have reported the diagnostic value of serum 
miRNAs for ACAS, such as miR‑503‑5p (23), miR‑92a (14) 
and miR‑106b‑5p  (13). Given the abnormal expression of 
serum miR‑483‑5p in patients with ACAS, a ROC curve 
based on serum miR‑483‑5p was constructed to evaluate 
the diagnostic value of miR‑483‑5p for ACAS. The results 
suggested that serum miR‑483‑5p may serve as a promising 
diagnostic biomarker for distinguishing patients with ACAS 
from healthy controls. In addition, miRNAs have been 
determined to have predictive value for cerebrovascular 
event occurrence. For instance, Chen et al (14) reported that 
miR‑92a may be a potential risk factor for the future onset of 
cerebrovascular events (including 20 cases of TIA and 8 cases 
of stroke; study cohort size, 122). A study by Lv et al (22) 
determined that miR‑186‑5p was able to predict the occur‑
rence of future cerebral ischemic events (including 19 TIAs 
and 5 strokes; study cohort size, 67). Serum miR‑106b‑5p 
predicted the occurrence of cerebral ischemic events (13). 
From the above studies, it was indicated that TIA and stroke 
are the most common cerebrovascular events in ACAS and 
TIA may occur more frequently than stroke in patients with 
ACAS. To expand the repertoire of miRNAs with predictive 
value for the occurrence of cerebrovascular events, the present 

study further evaluated the predictive value of miR‑483‑5p 
for the occurrence of cerebrovascular events in patients with 
ACAS. It was observed that 30 patients with ACAS developed 
cerebrovascular events, including 21 cases of TIA and 9 cases 
of stroke. The results of the KM survival analysis and Cox 
regression analysis indicated that miR‑483‑5p may be used as 
an independent prognostic marker for predicting the occur‑
rence of cerebrovascular events in patients with ACAS. In 
addition, it should be noted that the diagnostic and prognostic 
value of serum miR‑483‑5p for other diseases have been 
recognized. For instance, serum miR‑483‑5p was reported as 
a novel diagnostic and prognostic biomarker for patients with 
oral squamous cell carcinoma (34). Another study reported 
that miR‑483‑5p had a highly specific prognostic value for 
the clinical outcome of patients with ACC (35). Qu et al (36) 
indicated that miR‑483‑5p may be a biomarker for the diag‑
nosis of myeloma and a predictor of survival for patients with 
myeloma. Thus, it was considered that serum miR‑483‑5p may 
be a useful clinical tool for diagnosing ACAS and predicting 
the occurrence of cerebrovascular events.

The analysis of clinical characteristics of patients with 
ACSA in different miR‑483‑5p expression groups revealed 
that miR‑483‑5p expression levels were significantly associ‑
ated with diabetes and dyslipidemia. Diabetes is a risk factor 
for atherosclerosis and may worsen the degree of carotid 
stenosis (37). A recent study suggested that miR‑483‑5p is 
independently associated with new‑onset diabetes mellitus 
and cardiovascular disease (17). Besides, it is well known that 
dyslipidemia is a risk factor for the development of CAS (38). 
The present study demonstrated that miR‑483‑5p expression 
levels were significantly associated with dyslipidemia. From 
the above findings, it was concluded that miR‑483‑5p may be 
involved in the development of ACAS by regulating diabetes 
and dyslipidemia. Furthermore, miR‑483‑5p was indicated 
to decrease hypercholesterolemia by targeting proprotein 
convertase subtilisin/kexin type 9 (PCSK9) (39). Thus, the 
underlying mechanism of miR‑483‑5p may be the regulation 
of high cholesterol by targeting PCSK9 to affect the devel‑
opment of ACAS. However, further studies are required to 
explore the underlying mechanisms of the role of miR‑483‑5p 
in the development of ACAS. Therefore, a limitation of the 

Table III. Multivariate Cox regression analysis of factors influencing the risk of a cerebrovascular event in patients with asymp‑
tomatic carotid artery stenosis.

Variables	 HR	 95% CI	 P‑value

Age, years (≥60 vs. <60)	 1.460	 0.659‑3.234	 0.352
Sex (males vs. females)	 3.076	 1.059‑8.933	 0.039
BMI, kg/m2 (≥25 vs. <25)	 1.495	 0.638‑3.500	 0.354
Diabetes (positive vs. negative)	 1.308	 0.616‑2.778	 0.484
Hypertension (positive vs. negative)	 1.006	 0.485‑2.089	 0.987
Dyslipidemia (positive vs. negative)	 1.545	 0.726‑3.287	 0.258
Degree of carotid stenosis (≥70% vs. <70%)	 1.645	 0.726‑3.728	 0.233
miR‑483‑5p (high vs. low)a	 2.670	 1.099‑6.484	 0.030

aHigh and low miR‑483‑5p expression is classified based on the mean value (0.93) of miR‑483‑5p expression. BMI, body mass index; 
miR‑483‑5p, microRNA‑483‑5p; HR, hazard ratio.
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present study is the lack of a mechanistic analysis, which will 
be the focus of future research by our group. Another limita‑
tion is that the study population was small and a larger study 
population is required for further study.

In conclusion, the present study indicated that miR‑483‑5p 
expression is significantly increased in patients with ACAS. 
The aberrant expression of miR‑483‑5p in patients with ACAS 
may be a candidate biomarker for ACAS diagnosis and the 
prediction of cerebrovascular event occurrence.
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