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Abstract
Atherosclerosis (AS) is a common vascular disease with great harm. The current study examined the expression pattern of miR-
18a-5p in AS patients, and explored its clinical values. 110 AS patients and 68 healthy controls were collected clinically, and the
expression pattern of miR-18a-5p in the serum of AS patients was detected using qRT-PCR. All AS patients were followed up for
five years to record the adverse cardiovascular events. ROC and Kaplan-Meier (K-M) curve were plotted to assess the diagnostic
ability. The multiple Cox regression analysis was performed for independent influencing factors analysis. MiR-18a-5p was at high
expression in AS patients, and showed positive correlation with the CIMT value (r= 0.789, P< .001). ROC curve suggested the
high diagnostic value of serum miR-18a-5p for AS, with the AUC of 0.894. The diagnostic specificity and sensitivity were 86.8%
and 79.1%, respectively. K-M plot demonstrated that cases with high miR-18a-5p levels were more likely to suffer from cardio-
vascular events, and it is an independent influence factor for the poor clinical outcome. Serum miR-18a-5p serves as a promising
biomarker for AS diagnosis, and is related to the occurrence of adverse cardiovascular events.
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Introduction
Atherosclerosis (AS) is a common disease that seriously harms
human health, it is the main pathological basis of heart ischemic
and cerebrovascular diseases.1,2 Up to now, the pathogenesis of
AS has not been fully understood. Many risk factors have been
identified to be associated with the occurrence of AS, leading to
the lack of effective prevention and treatment drugs in clinical
practice.3,4 The progression of AS mainly includes four
stages, the initial stage is vascular endothelial cell (VEC)
injury. The progression stage was continuous proliferation
and migration of vascular smooth muscle cells (VSMC), the
plaque area increased continuously. Acute coronary events
occurred during the rupture of unstable plaques.5–7 AS has no
clinical manifestations in the early stage and is relatively insid-
ious. Without effective intervention, AS consequently causes
coronary heart disease (CHD), which leads to a great risk of
sudden death. Therefore, early diagnosis and intervention of
patients with AS are particularly important.

MicroRNA (miRNA) is a type of small non-coding RNA
with a length of about 18 to 25 nucleotides. The main function
of miRNAs is to inhibit the translation and transcription of the
target genes via binding to the 3′ untranslated regions (UTR) of
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the target gene mRNA, thus changing the gene expression at the
post-transcriptional level.8,9 MiRNA plays an important role in
various biological processes, such as cell apoptosis, autophagy,
proliferation and differentiation.10,11 It also has been reported
that miRNAs participate in the regulation of pathogenesis of
cardiovascular disease.12–14 MiR-18a-5p is located at chromo-
some 13q31.3 and belongs to the miRNA 17 to 92 cluster.15

It has been reported to promote the VSMCs proliferation,
migration and differentiation in several studies.16,17 It is
known that the abnormal behavior of VSMCs contributes to
the occurrence and development of AS. However, the clinical
value of miR-18a-5p in AS has not been examined.

In the study, 110 asymptomatic AS patients were recruited,
and the levels of miR-18a-5p in the serum samples were
detected. Besides, the adverse cardiovascular events were
recorded during the 5-year follow-up, and the clinical diagnos-
tic and predictive values of serum miR-18a-5p were also
examined.

Materials and Methods

Study Population and Sample Collection
110 asymptomatic AS patients and 68 healthy controls were
recruited in Yidu Central Hospital of Weifang from January
2014 to January 2016. People with serious cardiovascular dis-
eases, such as stroke, acute myocardial infarction, and heart
failure were not included in this study. Carotid intima-media
thickness (CIMT) was measured by ultrasonography, individ-
uals with CIMT thickness ranging from 0.9 mm to 1.2 mm
were included in the study as the patient’s group. Physical
examination and record-keeping were performed on all

subjects. Besides, serum samples from all subjects were col-
lected for subsequent testing. This study was approved by
the Ethics Committee of Yidu Central Hospital of Weifang.
A 5-year follow-up was conducted to obtain the prognosis
of the patients.

RNA Extraction and Quantitative Real-Time PCR
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) was added to
extract total RNA from the serum samples, and the RNA was
reversed into cDNA based on the instructions. The expression
levels of miR-18a-5p were determined by quantitative real-time
PCR (qRT-PCR). qRT-PCR was performed with the SYBR
Green I Master Mix reagent kit (Invitrogen, USA) according
to the kit instructions on an ABI 7300 PCR System. The expres-
sion levels were calculated by the 2−ΔΔCT method. U6 was used
as internal control for miRNA quantification. Three repeat holes
were set for each sample.

Follow-up Plan and Contents
According to the newly released definition of cardiovascular
key events, hospitalization and death caused by myocardial
infarction, stroke, acute heart failure, unstable angina pecto-
ris, transient ischemic attack, coronary intervention and other
cardiovascular events are defined as cardiovascular end
events. All cases with AS were followed up for five years,
the time of subjects’ cardiovascular endpoints was recorded
on time.

Statistical Analysis
All statistical analysis of clinical data was done using SPSS
21.0 software and GraphPad 5.0. The comparison between
groups was performed using Student’s t-test and one-way anal-
ysis of variance (ANOVA). The receiver-operating-characteristic
(ROC) curve was used to assess the diagnostic value of
miR-18a-5p in AS patients. The link between two clinical var-
iables was determined by Pearman correlation coefficient anal-
ysis. Kaplan-Meier method and the log-rank method were used
to detect the predictability of miR-18a-5p for adverse cardio-
vascular events in patients. Prognostic value was assessed by
Cox regression model. P< .05 was considered statistically
significant.

Results

Clinicopathological Data in AS Patients and Healthy
Controls
The demographic characteristics and clinical data of AS
patients and healthy controls were shown in Table 1, the
results indicated that the C-reactive protein (CRP) value in
the AS group was significantly higher than that in the healthy
control group (P< .05), while there was no significant differ-
ence in body mass index (BMI), age, gender, total cholesterol,

Table 1. Clinical Data of the Study Population.

Features
Healthy controls
(n= 68)

AS patients
(n= 110) P value

Age (years) 52.69± 3.74 53.43± 4.59 .239
Gender (male/female) 35/33 59/51 .780
BMI (kg/m2) 24.41± 3.06 25.09± 2.51 .128
Total cholesterol (mg/
dl)

199.25± 9.76 201.39± 12.21 .221

HDL-C (mg/dl) 46.69± 7.36 48.50± 10.87 .187
LDL-C (mg/dl) 115.97± 14.29 117.44± 12.33 .469
Triglyceride (mg/dl) 168.56± 22.53 173.58± 20.68 .130
Heart rate (beats/min) 74.05± 16.67 76.60± 15.38 .299
SBP (mm Hg) 131.43± 9.91 134.47± 16.42 .125
DBP (mm Hg) 88.75± 6.50 88.27± 5.27 .593
CRP (mg/l) 6.24± 1.53 12.19± 2.43 .000
Medication

ACE-I/ARB 15 38 .077
β-Blockers 3 21 .005
Statins 10 18 .768

Abbreviations: AS, atherosclerosis; BMI, Body Mass Index; CIMT, Carotid
Intima Media Thickness; CRP, C-reactive protein; DBP, Diastolic Blood
Pressure; HDL-C, high-density lipoproteincholesterol; LDL-C, low-density
lipoproteincholesterol; SBP, Systolic Blood Pressure.
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high-density lipoprotein (HDL-C), low-density lipoprotein
(LDL-C), systolic blood pressure (SBP), diastolic blood pres-
sure (DBP), triglyceride (P > .05). There were individuals on
medication in both groups, including ACE-I/ARB, β-Blockers
and Statins. It was found that more patients in the AS groups
used β -blockers compared with the control group, and the dif-
ference was significant (P < .05). There was no significant dif-
ference between the two groups in the usage of ACE-I/ARB and
Statins (P > .05).

Serum miR-18a-5p Level in AS Patients and the
Correlation Analysis with CIMT
MiR-18a-5p levels in all clinical serum samples were investi-
gated by qRT-PCR. It was observed that miR-18a-5p was at
the high expression in the serum of AS patients compared
with the control individuals, and the difference was statistically
significant (P < .001, Figure 1A).

CIMT is recommended by the American heart association
and the American college of cardiology as the most scholastic
and useful method to identify AS. Based on the Spearman cor-
relation analysis results, a remarkable positive correlation was
detected for serum miR-18a-5p with CIMT value in the
patients’ group (r= 0.789, P < .001, Figure 1B).

Given the medication in both groups, all cases were divided
into medication group and non-medication group according to
medication status. As shown in Figure 1C, miR-18a-5p levels
were indeed slightly lower in the medicine group than in the
no-medicine group, but the difference was not significant (P>
.05, Figure 1C). It was found that no matter in medicine
group and no-medicine group, miR-18a-5p levels increased sig-
nificantly in AS group compared with the control group (P<
.001, Figure 1D).

Diagnostic Value of miR-18a-5p in serum of AS Patients
As shown in Figure 2, a ROC curve was plotted based on the
serum miR-18a-5p level in both case and control groups. The
AUC was 0.892, the sensitivity was 79.1% and the specificity
was 86.8% at the cut-off value of 1.34. The results indicated
that miR-18a-5p had a good diagnostic value for AS.

miR-18a-5p Expression is Correlated with Clinical
Outcomes of AS Patients
According to the mean value of serum miR-18a-5p in AS
patients’ group, 110 AS patients were divided into the high
expression group (n= 57) and low expression group (n= 53).
The Kaplan-Meier curve was drawn based on the follow-up
results, it was found that patients with elevated miR-18a-5p
exhibited a significantly shorter 5-year event-free survival rate
(Figure 3, P= .026). In addition, multivariate Cox regression
analysis was performed to assess the predictive value for
future poor clinical outcome, miR-18a-5p (P= .026, HR=
2.844) and CIMT (P= .043, HR= 3.763) were determined to

be independent prognostic factors for the occurrence of poor
cardiovascular events in AS patients (Table 2).

Discussion
AS is the pathological basis of many cardiovascular and cere-
brovascular diseases.18,19 As a result of the changes in diet
structure and lifestyle, AS tends to be more frequent and
younger in China.7 In recent years, correlation of AS with the
occurrence of cardiovascular events has attracted wide atten-
tion.20–22 Therefore, early diagnosis and intervention of AS
are crucial to the prevention of cardiovascular and cerebrovas-
cular diseases. Recent studies have provided new insights about
the diagnostic value of expression patterns of miRNAs in serum
in various diseases.23–25 In cardiovascular diseases, many
miRNAs have been identified to be abnormally expressed,
and their value in clinical diagnosis and prognosis has also
attracted attention.26,27

MiR-18a-5p belongs to the miR-17 to 92 family,28 which
has been suggested to serve as a regulator of angiogenesis.29

The research of Hae Jin Kee reported the crucial role of
miR-18a-5p in VSMC differentiation.16 It is well known that
abnormal behaviors of VSMCs are important events in the
occurrence and development of AS.30,31 In view of the regula-
tory effect of miR-18a-5p in VSMCs, its clinical value in AS
patients attracts our interest. In the present study, clinical
serum samples were collected from 110 AS patients and 68
healthy individuals, and the expression of miR-18a-5p was
demonstrated to be enhanced in AS patients. Consistently, a
high level of miR-18a-5p is identified in the peripheral blood
of women with coronary heart disease, and it could regulate cor-
onary heart disease development through targeting estrogen
receptor (ER).32 Combined with our clinical findings, we con-
cluded that miR-18a-5p may play an important role in the
development of AS. Given the medication in both groups, all
cases were divided into medication group and non-medication
group according to medication status. It was found that
miR-18a-5p levels were indeed slightly lower in the medicine
group than in the no-medicine group, but the difference was
not significant. As for the effect of drugs on miR-18a-5p
levels, further studies are needed to expand the sample. We
described this prospect in the discussion section. In addition,
it was also found that no matter in medicine group and
no-medicine group, miR-18a-5p levels increased significantly
in AS group compared with the control group. These data dem-
onstrated the changes of miR-18a-5p in AS cases, and sup-
ported our hypothesis about its crucial role in the
development of AS.

AS is chronic systemic inflammation, and the inflammatory
process contributes to the occurrence of acute AS thrombotic
events.18,33 CRP is an acute protein, and it is also an important
clinical marker for inflammation and AS.34,35 By analyzing the
clinicopathological characteristics in AS patients and healthy
controls, we concluded that the concentration of CRP is
usually higher in AS patients. In addition, CIMT can be reliably
measured in vivo by carotid ultrasound, which is a simple and
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reliable method for subclinical AS evaluation.36,37 This study
showed that miR-18a-5p is highly expressed in AS patients
with high CIMT, and is positively correlated with CIMT
value. ROC curve was used to detect the diagnostic sensitivity

and specificity of miR-18a-5p. It was observed that miR-18a-5p
can distinguish AS cases from healthy individuals. Therefore,
the up-regulation expression of miR-18a-5p can be used as a
promising marker for the diagnosis of AS. Similar results

Figure 1. The expression level of Serum miR-18a-5p in AS patients and the correlation study between miR-18a-5p expression and CIMT.
(A) Relative expression levels of serum miR-18a-5p in healthy controls and AS patients, ***P< .001. (B) Correlation between miR-18a-5p
expression level and CIMT in AS patients, r= 0.789 ***P< .001. (C) Comparison of miR-18a-5p levels between medicine and no-medicine
groups for both control and AS groups. (D) In medicine or no-medicine group, comparison of miR-18a-5p levels between control group and AS
group. ***P< .001, compared with control group.

Figure 2. ROC curve was established according to the expression
level of miR-18a-5p in AS patients, with the AUC score of 0.894.

Figure 3. Kaplan-Meier survival curves of AS patients with different
miR-18a-5p expression levels, Log-rank P= .026.
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were found in acute myocardial infarction. Plasma miR-18a-5p
levels were significantly higher in patients with acute myocar-
dial infarction, and also can be used to screen patients with
acute myocardial infarction from healthy controls with high
sensitivity and specificity by ROC analysis.38 Although the
present study determined the aberrant expression of
miR-18a-5p in the serum of AS cases, its original from AS
was not explored. Furthermore, the association of miR-18a-5p
with the vulnerable plaque is also needed for further
exploration.

To further investigate the prognostic significance of
miR-18a-5p in AS, all AS patients were followed up for five
years and the clinical outcomes of each patient were recorded
during the follow-up time. According to the clinical data of
follow-up, the Kaplan-Meier curve was plotted for the prognos-
tic value evaluation. It demonstrated that patients with elevated
miR-18a-5p exhibited a significantly shorter 5-year event-free
survival rate. In addition, multivariate Cox analysis also
proved that miR-18a-5p was an independent prognostic
factor for the occurrence of poor cardiovascular events in
AS. This suggests that miR-18a-5p is a good prognostic
marker for AS prognosis and is closely related to the occur-
rence of cardiovascular and cerebrovascular events in patients
with 5-year follow-up. The adverse effects of miR-18a-5p on
acute myocardial infarction are also presented by Bin Lin and
co-workers, which may be completed by promoting cardio-
myocyte autophagy and suppressing cellular senescence via
brain-derived neurotrophic factor. Besides, an elevated level of
miR-18a was also identified in rats models with acute myocardial
infarction.29 This also verified our results that miR-18a-5p plays
an important role in the occurrence and development of cardio-
vascular and cerebrovascular events. Although the clinical data

analysis results proved that miR-18a-5p may be a potential diag-
nostic and prognostic marker of AS, there are still some limitations
in this study. Firstly, the sample size is relatively small, which may
reduce the statistical value of our study; secondly, the mechanism
of miR-18a-5p in the occurrence and development of AS is still
unclear, and we will carry out a further study in this aspect. In
addition, it has been previously reported that hypertension, hyper-
lipidemia and overweight were risk factors for AS and long-term
adverse cardiovascular events.39 But in our study, hypertension,
hyperlipidemia and BMI showed no independent influence for
the occurrence of cardiovascular end events, it might be because
of the small sample size. Studies with larger sample sizes are
needed to validate the results.

Taken together, miR-18a-5p was at high expression in the
serum of AS patients, and serves as a promising biomarker for
the early diagnosis of AS. The elevated level of serum
miR-18a-5p is related to the poor prognosis of AS patients.
MiR-18a-5p inhibition can provide a new idea for a more effective
treatment of AS. The present findings provide an improvement of
our knowledge regarding the mechanism and treatment of AS.
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