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LncRNA HOTAIR: A Novel Biomarker -

for the Diagnosis of Asymptomatic Carotid
Artery Stenosis and Prediction of the Onset
of Cerebral Ischemic Events

Pengcheng Feng'’, Chenguang Tong?", Yuan Li® and Li Liu®*

Abstract

Background Carotid artery stenosis (CAS) is a major cause of cerebral ischemic events (CIE). The purpose
of the research was to reveal the diagnostic accuracy of long non-coding RNA hox transcript antisense intergenic RNA
(HOTAIR) in asymptomatic carotid artery stenosis (ACAS) patients and its predictive significance in CIE incidence.

Methods 88 patients with ACAS and 80 controls were included. Blood samples were collected and serum HOTAIR
levels were detected by gRT-PCR. Logistic regression examined factors associated with the degree of carotid stenosis.
The receiver operating characteristic (ROC) curve assessed the diagnostic accuracy of HOTAIR in identifying patients
with ACAS. Predictive value of serum HOTAIR levels for the occurrence of CIE was assessed by Kaplan-Meier curves
and Cox regression.

Results Serum HOTAIR was markedly lower in ACAS patients than in controls (P <0.001). Logistic regressions con-
firmed that HOTAIR levels correlated with severe carotid artery stenosis (OR=0.289, 95% Cl=0.107-0.786, P=0.015).
ROC's AUC was 0.925, indicating high sensitivity and specificity in differentiating between the controls and patients
with ACAS. Furthermore, CIE-positive patients had lower HOTAIR levels than CIE-negative, and the degree of carotid
stenosis (HR=4.566, 95% Cl=1.206-17.292, P=0.025) and HOTAIR levels (HR=0.244, 95% Cl=0.072-0.824, P=0.023)
were independent risk factors for the development of CIE. Patients with lower HOTAIR were more susceptible to CIE
(log-rank P=0.001).

Conclusions Serum HOTAIR was reduced in patients with ACAS and may be a non-invasive diagnostic biomarker
for ACAS and predicts the development of CIE.
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1 Background

Cerebral ischemic events (CIE) are the major cause of
long-term disability and the fifth leading cause of death
[1]. Carotid artery stenosis (CAS) is a primary risk fac-
tor for the development of CIE, accounting for 20% of
cases [2], and refers to a pathological condition in which
atheromatous plaque accumulates in the arterial wall,
causing narrowing or constriction of the inner surface
of the vessel and thus blocking blood flow [3, 4]. The
progression of CAS is usually insidious, and patients
may remain asymptomatic until the onset of transient
ischemic attack or stroke appears, thus missing the best
time for management [5]. Although imaging methods are
used for the diagnosis and screening of asymptomatic
CAS (ACAS), they have different drawbacks, such as the
high price is not suitable for universal screening [6, 7].
Therefore, effective markers for diagnosing ACAS and
predicting the incidence of CIE can draw the attention
of patients and clinicians, and provide early nursing care
and intervention to prevent the occurrence of CIE. Previ-
ous studies have analyzed the future occurrence of CIE
by regression based on common risk factors such as age,
gender, body mass index (BMI), fasting blood glucose
(FB@), total cholesterol (TC), and so on [8].

Long non-coding RNAs (LncRNAs) are RNA mol-
ecules longer than 200 nt that lack protein-coding
capabilities and play critical regulatory roles in disease
physiology and pathology, and their dysregulation can
be employed as diagnostic and prognostic biomarkers.
Hox transcript antisense intergenic RNA (HOTAIR) is
a 2.2-kd long LncRNA molecule located on chromo-
some 12q13.13, encoded in the HOXC gene cluster, and
transcribed by RNA polymerase [9]. HOTAIR has been
widely reported as an oncogene [10], and its role in car-
diovascular and cerebrovascular diseases has also drawn
attention. For example, HOTAIR is a myocardial infarc-
tion (MI) protector in rats by eliminating miR-519d-3p
[11]. HOTAIR dysregulation is involved in neurological
impairment in ischemic stroke [12]. HOTAIR modulates
the progression of Parkinson’s disease [13] and alleviates
cerebral ischemia-reperfusion injury [14]. At the same
time, dysregulated HOTAIR was also involved in car-
diac hypertrophy [15], heart failure [16], acute myocar-
dial infarction (AMI) [17], and coronary artery diseases
[18]. Notably, atherosclerosis (AS) is central to the patho-
genesis of CAS, HOTAIR is reduced in endothelial cells
of atherosclerotic plaques [19], and overexpression of
HOTALIR alleviates AS by reducing inflammatory factors
[20]. The present evidence suggests a strong association
between HOTAIR and CAS, however, the clinical impli-
cation of HOTAIR in CAS has not been reported.

Hence, serum samples were collected to examine
the expression of HOTAIR in patients of ACAS and
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controls. At the same time, the diagnostic signifi-
cance of HOTAIR for ACAS patients and the predic-
tive significance for the development of CIE were also
evaluated.

2 Methods

2.1 Research Participant

The present research was designed as a retrospective
cohort study, which was conducted with the approval of
the Affiliated Hospital of Panzhihua University Ethics
Committee. Subjects participated voluntarily, and their
written informed consent was obtained before blood col-
lection. The experimental procedures were conducted
following the Declaration of Helsinki and its modifica-
tion. The inclusion criteria for patients with ACAS follow
(1) adults (18-80 years old); (2) first finding of greater
than 50% ipsilateral stenosis; (3) no history of ischemic
stroke (IS, according to the National Institute of Health
Stroke Scale table), transient ischemic attack (TIA),
or amaurosis. Patients with diabetes, acute or chronic
inflammation, and malignancies, as well as those taking
statins, were also excluded. In addition, healthy individu-
als who underwent health checkups in the same period
were included as the controls. They were age (mean
age:65 years, SD=11; range from 18 to 80 years)- and
gender (40 male and 48 female)-matched to the patients,
with carotid artery stenosis less than 20% and clinical
indicators were normal, no history of cardiovascular or
cerebrovascular diseases, infections, tumors, or carotid
artery surgery.

A total of 88 patients with ACAS (mean age
65+ 11 years; 40 male, female 48) and 80 Controls (mean
age 64+10 years; 37 males, 43 female) were admitted
from June 2015 and December 2016 in the Affiliated
Hospital of Panzhihua University (Since the present study
is a retrospective cohort, the sample size was limited to
several eligible patients and controls during this period).
Doppler ultrasound was performed by the same inves-
tigator using the same ultrasound equipment to meas-
ure the degree of carotid stenosis (mild:<50% stenosis,
moderate: 50—-69% stenosis, severe: 70-94% stenosis)
according to the North American Symptomatic Carotid
Endarterectomy Trial (NASCET) [21, 22]. The demo-
graphic and biochemical indicators of ACAS patients and
controls were recorded in Table 1.

2.2 Sample Collection

Blood samples (10 ml) from ACAS patients and con-
trols were collected in tubes and centrifuged at 2000g for
10 min at 4 °C within 1 h. The supernatant was removed
and stored at — 80 °C until use.
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Table 1 Statistical analysis of basic clinical information of all
subjects

Characteristic ACAS patients Controls P value
N=88 N=80

Age (years) 65+ 11 64+10 0.598
Gender (male/female)  40/48 37/43 0918
BMI (kg/m [2]) 23.71+551 22.38+443 0.089
FBG (mg/dL) 96.58+14.86 92.56+18.02 0.116
TC (mg/dL) 19333+£5.16 192.21+3.69 0.109
TG (mg/dL) 1251141431 121.30+12.65 0.070
HDL (mg/dL) 48.26+3.52 49.01£3.94 0.192
LDL (mg/dL) 113.60+5.65 112.78+6.26 0374
SBP (mm Hg) 131.64£11.94*  126.05+13.68 0.003
DBP (mm Hg) 83.70+£10.56** 7733+16.30 <0.001
CRP (mg/l) 2451 +3.56%** 4614198 <0.001

Instructions: CAS carotid artery stenosis, BMI body mass index, FBG fasting blood
glucose, TC total cholesterol, TG triglycerides, HDL high-density lipoprotein,

LDL low-density lipoprotein, SBP systolic blood pressure, DBP diastolic blood
pressure, CRP C-reactive protein. Data are expressed as n or mean + standard
deviation. **P<0.01, ***P < 0.001, Controls compared with patients with ACAS

2.3 Follow-up Survey

ACAS patients were followed up for 5 years by telephone
or readmission every 3 or 6 months, and the information
on TIA, ischemic stroke (IS), blackout, or sudden death
(due to IS) was recorded. Where IS was described as a
new focal neurological deficit lasting more than 24 h, or
brain imaging by magnetic resonance imaging (MRI) or
computed tomography (CT), diagnosed as acute cerebral
infarction. TIA was described as a new neurological defi-
cit with transient focal brain dysfunction consistent with
a duration of less than 24 h but without cerebral infarc-
tion on imaging [23]. Their diagnoses are confirmed by
neurologists to ensure reliability. The follow-up study
lasted a long time, and data from 4 patients were com-
pletely lost during follow-up due to changing phone
numbers, but the loss rate was <5%. At the same time, a
conservative approach was used for further analysis, and
the lost participants were considered non-CIE individu-
als. The process is outlined in the schematic diagram of
participant flow (Supplementary file 2).

2.4 Quantitative Real-time Polymerase Chain Reaction
(qRT-PCR)

Total RNA was first extracted from the subject’s serum
sample. Briefly, 100 pL of serum was lysed in TRIzol LS
(Invitrogen, Carlsbad, CA, USA), incubated at room tem-
perature for 5 min, chloroform was added, the aqueous
phase was removed, 100% ethanol was added, the col-
umn was passed through the adsorption column several
times, and finally 50 pL of RNase-free water was used
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for solubilization. The quality and concentration of RNA
were subsequently assessed using the NanoDrop 2000
spectrophotometer (OD260/0D280=1.8-2.0; concen-
trations >250 ng /pL. were required). When its value
met 1.8-2.0, 1 pug of RNA was reversed and transcribed
into cDNA with the help of Fasting gDNA dispelling RT
SuperMix Kit (Tiangen Biotech, Beijing, China). Then,
2 pl of cDNA was mixed with the reagents in SuperReal
PreMix Plus (SYBR Green) (Tiangen Biotech, Beijing,
China) as a template, and primers for HOTAIR and inter-
nal reference GAPDH were added. qRT-PCR reactions
were carried out in an Applied Biosystems 7500 real-time
PCR system. Primer sequences are as follows: HOTAIR
forward, 5-CAGTGGGGAACTCTGACTCG-3, and
reverse  5-GTGCCTGGTGCTCTCTTACC-3; and
GAPDH forward, 5- TGAAGGTCGGAGTCAACGGAT
TTGGT-3; and reverse, 5-CATGTGGGCCATGAGGTC
CACCAC-3; and synthesized by Genepharma (Suzhou,
China). Each experiment was repeated three times and
the relative expression levels of serum HOTAIR were
calculated by the 274¢ methods based on threshold
cycle (CT) for the target gene HOTAIR and the reference
gene GAPDH (ACt=Ct yoramr)- Ct (Gappry AACt=ACt
(patients group)” ACt (control group)) [24]'
2.5 Statistical Analysis

Data were displayed as mean tstandard deviation and
tested in triplicate. ROC was performed to evaluate the
diagnostic accuracy of serum HOTAIR levels in dis-
tinguishing ACAS patients from controls. ACAS and
control groups were used as independent dichotomous
variables, and HOTAIR, gender, age, BMI, FBG, and
other clinical indicators as independent variables (where
the mean was used as the cut-off value, measures greater
than the mean were defined as 1, and measures less
than the mean were defined as 0, and categorical vari-
ables, such as gender, were defined as 0 in male and 1 in
female), and factors with significance levels of P<0.05 in
univariate logistic analyses were selected for inclusion
in the logistic regression analysis models of risk factors
independently associated with the degree of stenosis,
and adjusted advantage ratio (OR) and 95% confidence
intervals (95% CI). Kaplan—Meier (K-M) curves and COX
regression were conducted to investigate the incidence of
CIE in patients with different levels of HOTAIR. Univari-
ate COX analysis was performed for univariate covari-
ates of potential risk factors (including age, gender, BMI,
FBG, TC, TG, HDL, LDL, SBP, DBP, CPR, and HOTAIR),
and covariates with P<0.05 in the initial univariate analy-
ses were selected for a multivariable COX proportional
risk modeling, using Scaled Schienfeld residuals for risk
assumptions for the variables, and 95%CI were used to
characterize variable distributions.
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Statistically, differences between groups were com-
pared using a two-tailed Student’s t-test, and the levels
of statistical significance of the P-value were taken to be
less than 0.05. SPSS 23.0 and GraphPad Prism for clini-
cal data processing and graphing. To conduct this study,
guidelines for reporting prediction models and validation
studies in Health Research [Transparent Reporting of a
multivariable prediction model for individual prognosis
or Diagnosis (the TRIPOD statement)] were followed
[25]. The TRIPOD checklist is presented in Supplemen-
tary File 1.

3 Results
3.1 Comparison of Baseline Demographic and Laboratory
Characteristics
Table 1 reveals the baseline clinical information of 88
ACAS patients and 80 controls. No statistical differences
were found between ACAS patients and controls in age,
gender, BMI, total cholesterol, triglycerides, high-density
lipoprotein, low-density lipoprotein, and fasting blood
glucose (P>0.05), but systolic blood pressure, diastolic
blood pressure, and C-reactive protein were higher in
ACAS patients than controls (P<0.05).

3.2 The Expression Levels of IncRNA HOTAIR in the Serum
of ACAS Patients

Subsequently, serum HOTAIR levels of ACAS

patients and controls were measured via qRT-PCR.

Figure 1A revealed that serum HOTAIR in ACAS

patients (0.53+0.19) was reduced than that in controls

(1.00+0.25, P<0.001, Fig. 1A).

Page 4 of 8

3.3 Serum IncRNA HOTAIR is Associated with Severe
Carotid Stenosis

The degree of carotid stenosis is an essential indicator
of ACAS care and treatment [26]. For this reason, we
further explored the relationship between the levels of
HOTAIR and clinical data with the degree of carotid
stenosis. Patients with ACAS were divided into the
moderate carotid stenosis group (n=47) and severe
carotid stenosis group (n=41) according to the degree
of carotid stenosis [27]. Univariate logistic regres-
sion analysis and Multivariable logistic regression
revealed that serum HOTAIR levels (OR=0.289, 95%
CI=0.107-0.786, P=0.015, Table 2) correlate with the
degree of ACAS severe stenosis.

3.4 Serum LncRNA HOTAIR can Serve as a Diagnostic
Biomarker for ACAS

Later, we examined whether serum HOTAIR has poten-
tial as a diagnostic biomarker for ACAS. The overall
model performance was good, indicated by an AUC of
0.925 (95% CI=0.882-0.969), and scaled Brier score of
0.102 (Supplemental table), and the best sensitivity and
specificity were 83.0% and 90.0%, respectively, when
the cut-off value was 0.743, which significantly identi-
fied ACAS patients from the controls (95% CI=0.882—
0.969, Fig. 1B). In summary, our data confirm that
HOTALIR is a feasible diagnostic biomarker for ACAS.
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Fig. 1 The levels of LncRNA HOTAIR in ACAS patients and its potential diagnostic significance. A gRT-PCR was performed to detect differences
in serum HOTAIR levels in ACAS patients and controls. B ROC curves based on the levels of HOTAIR drawn in ACAS patients and controls were

examined for its diagnostic accuracy. *** P<0.001, compared with Controls
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Table 2 Relationship between degree of carotid artery stenosis and indexes

Variables Univariate Multivariable

OR 95% Cl P value OR 95% Cl P value

LncRNA HOTAIR 0.322 0.134-0.771 0.011 0.289 0.107-0.786 0.015
Gender (male/female) 0.899 0.383-2.064 0.785
Age (years) 0.838 0.362-1.939 0.680

BMI (kg/mz) 2.517 1.065-5.949 0.035 2.609 0.979 -6.953 0.055
FBG (mg/dL) 0.828 0.358-1.915 0.659

TC (mg/dL) 0.419 0.176-0.994 0.048 0376 0.140-1.011 0.053
TG (mg/dL) 0.924 0.399-2.137 0.853

HDL (mg/dL) 0.375 0.157-0.898 0.028 0.446 0.168 -1.184 0.105
LDL (mg/dL) 0.760 0.328-1.760 0.522

SBP (mm Hg) 2.517 1.065-5.949 0.035 2.784 1.039-7.462 0.042
DBP (mm Hg) 1417 0.611-3.291 0417
CRP (mg/1) 0.828 0.0358-1.915 0.659

BMI body mass index, FBG fasting blood glucose, TC total cholesterol, TG triglycerides, HDL high-density lipoprotein, LDL low-density lipoprotein, SBP systolic blood

pressure, DBP diastolic blood pressure, CRP C-reactive protein

3.5 Serum LncRNA HOTAIR Suppression Predicts
the Incidence of CIE

To explore the potential value of HOTAIR in ACAS,
the present research also documented the incidence
of CIE by follow-up, in which a total of 25 patients
(16 TIA, 7 IS, and 2 deaths) developed CIE. In addi-
tion, serum HOTAIR was considerably lower in CIE-
positive patients compared with CIE-negative ACAS
patients (P<0.01, Fig. 2A). Based on the mean levels
of HOTAIR, ACAS patients were divided into a high
HOTAIR group (n=43) and a low HOTAIR group
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(n=45). K-M curves confirmed that patients with
low HOTAIR were more susceptible to CIE (log-rank
P=0.001, Fig. 2B). Finally, as shown in Table 3, it was
found that in univariate COX analysis, HOTAIR, FBG,
LDL, DBP, CRP, and Degree of carotid stenosis were
correlated with the development of CIE (P<0.05), but
in multivariable COX analysis, only serum HOTAIR
(HR=0.244, 95% CI=0.072-0.824, P=0.023) and
degree of carotid stenosis (HR =4.566, 95% CI=1.206—
17.292, P=0.025) were risk factors for the development
of CIE.
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Fig. 2 Relationship between HOTAIR levels and the incidence of CIE in ACAS patients. A gRT-PCR was employed to identify serum levels of HOTAIR
in CIE-positive and negative patients. B K-M survival curves were plotted based on the levels of HOTAIR in ACAS patients to evaluate the occurrence
of CIE in patients with different levels of HOTAIR. *** P<0.001, compared with CIE Negative group
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Table 3 Cox analysis of the independent factors affecting CIEs
Name of index Univariate Multivariable
HR 95% Cl P value HR 95% Cl P value
LncRNA HOTAIR 0.200 0.065-0.612 0.005 0.244 0.072-0.824 0.023
Gender 0.997 0.384-2.584 0.994
Age 0.850 0.323-2.238 0.742
BMI 1.039 0.401-2.697 0.937
FBG 3.177 1.034-9.762 0.044 1.842 0.506-6.713 0.354
TC 1316 0.486-3.565 0.589
G 0579 0.219-1.515 0.264
HDL 0.743 0.285-1.940 0.545
LDL 0.344 0.121-0.981 0.046 0.827 0.223-3.061 0.776
SBP 1.697 0.627-4.594 0.298
DBP 3.365 1.097-10.323 0.034 2.208 0.566-8.610 0.254
CRP 3.624 1.181-11.120 0.024 1.333 0.336-5.287 0.683
Degree of carotid stenosis 6.043 1.731-21.097 0.005 4.566 1.206-17.292 0.025

Instructions: CIE cerebral ischemic events, BMI body mass index, FBG fasting blood glucose, TC total cholesterol, TG triglycerides, HDL high-density lipoprotein, LDL
low-density lipoprotein, SBP systolic blood pressure, DBP diastolic blood pressure, CRP C-reactive protein

4 Discussion
CAS as one of the main risk factors for the incidence
of CIE is commonly ignored because some patients do
not develop symptoms such as TIA and IS, but 14% of
IS comes from CAS according to the Oxford Vascular
study [28]. Therefore, early diagnosis of ACAS is a pri-
mary requirement for determining treatment options
and patient care and management. Currently, Doppler
ultrasound, computed tomographic angiography (CTA),
magnetic resonance angiography (MRA), and digital
subtraction angiography image (DSA) are performed for
examination of ACAS [29]. Doppler ultrasound is cur-
rently the preferred noninvasive screening modality for
ACAS due to its lower cost, convenience, and reproduc-
ibility. However, its results are susceptible to the opera-
tor’s skill levels [6]. MRA is limited to long exam times,
and stenosis amplification, and is not suitable for patients
with metal stents or pacemakers [7]; DAS is invasive, and
the contrast agents and X-rays of CTA are potentially
dangerous [30]. Meanwhile, these screening methods
can only detect already formed atherosclerotic lesions,
while dysregulation of molecules such as LncRNA and
miRNA from body fluids (serum, saliva) are involved in
the physiopathological process of the disease and can not
only significantly identify lesions, but also accurately pre-
dict disease progression and prognosis. Additionally, they
have also received widespread attention for their poten-
tial as biomarkers due to their stability, non-invasiveness
and easy accessibility.

Growing evidence demonstrates that dysregulation
of LncRNAs is participating in the advancement of car-
diovascular disease and has targets for development into

therapeutic strategies [31]. Such as LncRNA H19 [32],
LncRNA SNHGI1 [33], and LncRNA CDKN2B-AS1 [34]
have been indicated to be involved in the progression of
CAS. As one of the numerous LncRNAs, HOTAIR has
been described as a diagnostic marker for type 2 diabe-
tes and predicts its chronic complications [35]. HOTAIR
was markedly downregulated in rats with myocardial
ischemia—reperfusion injury [36] and promoted myocar-
dial inflammation and apoptosis [37]. The polymorphism
of HOTAIR serves as a potential diagnostic marker for
coronary artery disease [18]. In addition, dysregulation
of HOTAIR is involved in cerebral ischemia—reperfusion
injury [38] and hypoxic-ischemic encephalopathy [39].
Atherosclerosis is the pathological basis for the devel-
opment of CAS, and HOTAIR was identified to be sig-
nificantly lower in AS patients [20]. Although HOTAIR
has been extensively reported in other diseases, however,
its role in ACAS is unclear. In our research, it was con-
firmed that serum HOTAIR levels were statistically dif-
ferent in ACAS patients and healthy individuals and were
considerably lower compared to controls. The results are
consistent with the levels in patients with atherosclerosis
in previous studies and remind us that dysregulation of
HOTAIR may participate in the progression of ACAS.

To further explore the clinical value of HOTAIR in
patients with ACAS, we performed logistic regression of
patients’ clinical data and serum HOTAIR levels to iden-
tify factors influencing the degree of carotid stenosis in
patients. The results confirmed that serum HOTAIR
levels correlated with the degree of severe carotid artery
stenosis. Since the degree of carotid stenosis serves as
an important indicator for the diagnosis of CAS and
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its treatment, it is also an appreciable risk factor for
the development of CIE [40]. Therefore, dysregulated
HOTALIR has potential connections with the diagnosis of
ACAS and the incidence of CIE.

In our study, We performed internal validation based
on previous studies [41, 42] and reported the predictive
performance in terms of scaled Brier score with empirical
95% confidence intervals, and found overall good perfor-
mance. Serum HOTAIR was found to be a potential diag-
nostic biomarker that can identify ACAS patients from
controls with high sensitivity and specificity. ACAS as
a leading factor for future CIE, we followed the patients
for 5 years and found that the degree of carotid steno-
sis and HOTAIR level were independent risk factors for
the development of CIE. More importantly, we found
that CIE-positive patients had lower levels of HOTAIR
than CIE-negative patients. K-M curves also confirmed
that patients with low levels of HOTAIR were more sus-
ceptible to CIE than those with high levels of HOTAIR.
Clinical risk and prediction can contribute to clinical and
cost-effective targeted screening programs. In our study,
serum HOTAIR significantly predicted the risk of CIR in
individuals with ACAS who were at high risk of develop-
ing CIE.

5 Limitations
This study does have several limitations that need to be
considered when interpreting the findings.

Firstly, the small size of the sample with the limited
number of events, the lack of any independent valida-
tion sample, the loss of follow-up, and the potential for
missing (or misdiagnosis of) future cerebral ischemic
events are all limitations of this preliminary study. Addi-
tionally, this study was limited by the fact that traditional
risk factors such as smoking and alcohol consump-
tion were not included on time, and we will expand the
sample size for a multicenter study in further studies to
include these risk factors while further investigating the
potential mechanisms underlying the role of HOTAIR in
ACAS. Furthermore, invasive blood sampling is required
to determine the level of HOTAIR, which also represents
a potential limitation of HOTAIR clinical practice. This
will be addressed in our follow-up study.

6 Conclusions

The principal findings of the current study are that
HOTAIR was markedly reduced in patients with ACAS.
It’s the levels that can identify ACAS patients and predict
the incidence of CIE. In conclusion, we demonstrated for
the first time that HOTAIR may be a feasible biomarker
for ACAS.

Abbreviations
ACAS Asymptomatic carotid artery stenosis
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AMI Acute myocardial infarction

AS Atherosclerosis

CAS Carotid artery stenosis

al Confidence interval

CIE Cerebral ischemic events

cT Computed tomography

CTA Computed tomographic angiography
DSA Digital subtraction angiography image
HOTAIR Hox transcript antisense intergenic RNA
IS Ischemic stroke

K-M Kaplan-Meier

LncRNAs  Long non-coding RNAs

M Myocardial infarction

MRA Magnetic resonance angiography

MRI Magnetic resonance imaging

NASCET  North American symptomatic carotid endarterectomy trial

gRT-PCR  Quantitative real-time polymerase chain reaction
ROC Receiver operating characteristic
TIA Transient ischemic attack
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