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A R T I C L E  I N F O A B S T R A C T

Context
Circulating microRNAs (miR) have revolutionized the 
field of molecular biology owing to their potential 
as a diagnostic as well as a prognostic biomarker of 
cardiovascular disease and dysfunctions. The present 
study aims to identify the circulating miR-126 and 
-122 as an independent risk predictors of coronary 
artery disease cases.

Methods and material
Blood samples were collected from coronary artery 
disease cases (n=100) and non-CAD cases (n=100). 
Serum RNA was isolated by Trizol method. MiR levels 
were measured by quantitative real-time polymerase 
chain reaction with the specific primer probe set.
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Results
MiR-126 levels were significantly down-reg-
ulated in CAD cases compared to non-CAD 
cases (controls) (80.0% vs. 39.0%, χ2=14.95, 
p<0.001). The level of miR-122 was significantly 
up-regulated in CAD cases in comparison to its 
non-CAD variant (14.0% vs. 63.0%, χ2=21.23, 
p<0.001). Multivariate analysis found chest pain 
(OR=37.07, 95% CI=3.21-169.04, p=0.017) and 
miR-126 (OR=0.01, 95% CI=0.00-0.63, p=0.030) 
as independent risk predictors of CAD.

Conclusion
The results of our study show the potential of 
circulating miR-126 as a novel non-invasive bio-
marker in the risk prediction of CAD. Further 
unraveling of the role of miR-122 and miR-126 
in the pathogenesis and progression of CAD will 
add to our understanding of the disease process 
leading to a new diagnostic approach.

Highlights
•	 Mir-122 and -126 significantly differentiate 

non CAD cases from angiographically proven 
CAD cases

•	 Chest pain and miR-126 might work as an 
independent risk predictor of coronary 
artery disease 



INTRODUCTION

Globally, cardiac disease is the predomi-
nant cause of death in the past several years. 
Multitude factors are associated with the dis-
ease; the major risk factors are hypertension, 
high cholesterol levels, unhealthy diet, obesity, 
diabetes, and addiction in different forms like 
alcohol and tobacco chewing.[1] Atherosclerosis 
and thrombosis due to unhealthy diet, lack of 
physical exercise, and hypertension ultimately 
lead to the development of coronary artery 
disease (CAD).[2] Diagnosis of CAD is based on 

the invasive coronary angiogram (CAG) and ra-
diologic techniques such as an echocardiogram 
(Echo), computed tomography (CT), electrocar-
diogram (ECG), and exercise treadmill test (ETT). 
Several blood-based markers have been studied 
in the diagnosis of CAD but without any sig-
nificant clinical result.[3] Circulating microRNAs 
(miRNAs) have revolutionized the field of molec-
ular biology owing to their potential as diagnos-
tic as well as prognostic biomarkers of cardio-
vascular diseases and dysfunctions. MicroRNAs 
are short, single-stranded non-coding RNAs 
that regulate cellular functions by degradation 
and translational repression of mRNAs. They as-
sist in cell proliferation, differentiation, metabo-
lism, apoptosis, development, aging, and in the 
pathophysiology of many diseases namely, on-
cogenesis, cardiovascular, and neurological 
disorders. Several studies have reported dys-
regulation of miRNAs in heart diseases such as 
myocardial infarction (MI), cardiac hypertrophy, 
fibrosis, and developmental heart disease. [4-7] 

Studies reported the change in the number of 
miRNAs in such pathological processes and the 
abnormal expressions of miRNAs are associated 
with a different type of heart disease. [8-10]

In earlier studies reduced plasma concentration 
of miR-126 in patients with heart failure (HF) 
compared to healthy controls were found to 
have an inverse co-relationship with brain na-
triuretic peptide (BNP), thus proving as a clas-
sic marker of HF in past studies. Higher levels of 
miR-126 indicated the better clinical condition 
of patients. Xiao Sun et al in 2012 demonstrated 
the relationship between miR-126 and LDL cho-
lesterol in patients with or without CAD, which 
may have significant implications for identifying 
the potential role of miR-126 in cholesterol me-
tabolism. [11] Different miRNAs related to car-
diac origin have been studied to investigate 
the diagnostic potential. Reduced expression 
of miR-122 has been found in patients with MI. 
Thus, the current study was designed to assess 
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the levels of miR-126 and 122 in CAD cases for 
evaluating the risk predictors in coronary artery 
disease cases in India.

SUBJECTS AND METHODS

Study population

The study subjects were enrolled from January 
2019 to December 2019. Coronary angiograms 
were evaluated by a clinician, who made a vi-
sual estimation of luminal narrowing in multiple 
segments based on the AHA/ACC classification 
of the coronary tree.[12] All the subjects fulfill-
ing the inclusion criteria were enrolled for the 
study. All the cases were newly diagnosed. The 
blood sample was collected before the start of 
medication-related to the CAD and before the 
coronary stent implantation. Written informed 
consent was taken from the subjects. Approval 
to conduct the research was obtained from the 
Institutional Ethical Committee (approval num-
ber IEC95) before the start of the study and 
complies with the ethical principles for medi-
cal research involving human subjects, by the 
Declaration of Helsinki. Patients attending the 
OPD and who were not suffering from either 
detectable coronary stenosis or atherosclerotic 
vascular disease were considered as controls 
(CAD-ve). Patients were interviewed to collect 
information about their medical history and 
lifestyle habits. Risk factors were determined 
by a physician. Subjects were excluded from the 
study if they are affected by the hepatic failure, 
renal failure, abnormal liver function, hepati-
tis, cardiomyopathy, congenital heart disease, 
bleeding disorders, previous thoracic irradiation 
therapy, and malignant diseases. 

Samples collection and serum isolation

Peripheral blood (3.5 ml) was collected from 200 
cases in plain and EDTA vials (NOVAC, POLYMED, 
POLY MEDICURE LTD, India). Serum was sepa-
rated by centrifugation of peripheral blood in 

plain vial at 1900g for 10 min, followed by a 10 
min high-speed centrifugation at 16,000g and 
stored at -80°C until further processing. 

Biochemical examination

Biochemical parameters including HbA1c (%) 
(D-10 Bio-Rad, USA), total cholesterol (TC), 
(mg/dl), triglyceride (TG), (mg/dl), high den-
sity lipoproteins (HDL-C) (mg/dl), low density 
lipoproteins (LDL-C) (mg/dl), very low density 
lipoproteins (VLDL-C) (mg/dl), folate II (nmol/L), 
Vitamin B12 (pg/ml), small dense low density 
lipoproteins (sdLDL) (mmol/l), and total homo-
cysteine (HCY2) (umol/L) were recorded. All bio-
chemical parameters were measured with a ful-
ly automated biochemical analyzer (ARCHITECT 
i2000SR, Abbott Diagnostic & Selectra ProXL, 
ELITech Group).

RNA isolation and cDNA synthesis 

Total RNA was extracted using a Trizol-based 
miRNA isolation protocol (Invitrogen, Carlsbad, 
CA, USA) by the addition of 750µl of Trizol re-
agent to 250µl of plasma. The RNA concentra-
tions were measured with a Nanodrop and 
cDNA was prepared using a commercially avail-
able MuLV reverse transcriptase kit (Cat. no. 
K1622, Thermo Fisher Scientific, USA). [13] 

Quantitative real-time PCR 

cDNA was amplified with specific primer sets 
miR-122 (hsa-miR-122-5p, Cat. no. 4427975), 
miR126 (hsa-miR-126-5p, Cat no. 4427975), 
and RNU6 (Cat no. 4427975). Quantitative real-
time PCR (qRT PCR) was carried out using 7500 
real-time PCR system (Applied Biosystems, 
USA) using TaqMan® Universal Master Mix II No 
UNG (Applied Biosystem, USA) according to the 
manufacturers’ instructions. Data were normal-
ized for RNU6 (housekeeping gene) expression 
by the comparative threshold cycle method. 
Duplicate Ct values were averaged, the relative 
expression levels of miR were calculated using 
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formula ∆Ct = Ct[Target]-Ct[Housekeeping] and 
∆∆Ct = (∆Exp.)- (∆Control) and got the -∆∆Ct 
log-fold-change and fold-changes were calcu-
lated for each miRNA. [13] 

VEGF ELISA

Serum VEGF level (pg/ml) was determined by 
ELISA using RayBio Human VEGF ELISA kit and 
the reading were recorded by iMarkTM micro-
plate absorbance reader (BIOS) at 450 nm. The 
level of VEGF concentration (pg/ml) in cases 
was determined by comparing the OD of the 
samples with the standard curve. 

Statistical analysis

Discrete (categorical) data are presented in 
number (n) and percentage (%). Categorical 
groups were compared by the chi-square (χ2) 
test. Independent predictor(s) of CAD were as-
sessed using univariate (crude or unadjusted 
odds ratio) and multivariate (adjusted odds 
ratio) binary logistic regression (BLR) analysis. 
Receiver operating characteristics (ROC) curve 
analysis was done to assess diagnostic accura-
cy (sensitivity and specificity) of markers (miR-
122 and miR-126) for CAD assessment. Based 
on the data, a cut-off point was chosen, where 
the higher sensitivity and specificity were ob-
tained (Data not shown). All continuous data 
were categorized into two groups (non-CAD 
and CAD cases). A two-tailed (α=2) p<0.05 was 
considered statistically significant. Analyses 
were performed on SPSS software (windows 
version 17.0). 

RESULTS

A total of 200 cases 100 CAD and 100 non-
CAD patients of age between 20-80 yrs were 
enrolled. The outcome measures of the study 
were demographic and clinical characteristics 
(age, sex, height, weight, BMI, educational sta-
tus, nature of work, diet, smoking, alcohol, exer-
cise, hypertension, and chest pain), biochemical 

parameters (HbA1c, HDL, LDL, VLDL, TG, TC, 
sdLDL, folate II, Vitamin B12, Vitamin D, TSH, 
total HCY2), markers (miR-122, miR-126 fold ex-
pression (∆∆Ct) and VEGF (pg/ml).

Demographic and clinical characteristics 
of CAD and non-CAD cases

The demographic and clinical characteristics of 
the two groups (non-CAD cases and CAD cases) 
are summarized in table 1. The age of non-CAD 
and CAD cases ranged from 25-79 yrs and 28-
76 yrs with a mean (± SE) of 50.90 ± 2.08 yrs 
and 52.15 ± 1.13 yrs, respectively, and a median 
age of 52 yrs. Further, in non-CAD cases, there 
were 26 (26.0%) females and 74 (74.0%) males 
whereas in CAD cases, this was 25 (25.0%) and 
75 (75.0%), respectively. Comparing the demo-
graphic and clinical characteristics of the two 
groups, χ2 test showed significantly different 
and higher frequency (%) of illiterate (14.0% 
vs. 61.0%, χ2=19.14, p<0.001), smokers (16.0% 
vs. 37.0%, χ2=4.39, p=0.03), those suffering 
from hypertension (24.0% vs. 62.0%, χ2=10.55, 
p=0.001) and those from chest pain (17.0% vs. 
71.0%, χ2=44.42, p<0.001) whereas, less fre-
quency of exercise (53.0% vs. 30.0%, χ2=4.73, 
p=0.03) in CAD cases as compared to non-CAD 
suggests that these parameters may be associat-
ed with CAD. However, other demographic and 
clinical characteristics (age, sex, height, weight, 
BMI, occupation, nature of work, diet, and alco-
hol) were found to be similar (p>0.05) between 
the two groups indicating these parameters 
may not be associated with CAD development.

Values of biochemical parameters 
values in CAD and non-CAD cases

The level of biochemical parameters in the level 
of the two groups is summarized in table 2. 
Comparing the biochemical parameter levels 
of two groups, χ2 test showed significantly dif-
ferent and higher level of (%) of HbA1c (10.0% 
vs. 41.0%, χ2=9.52, p=0.002), sdLDL (17.0% vs. 
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Table 1 Demographic and clinical characteristics of  two groups

Variable
Controls 

(n=100) (%)
Cases 

(n=100) (%)
χ2  

value
p  

value

Age (yrs.): 
 ≤52  
 >52

 
56 (56.0) 
44 (44.0)

 
52 (52.0) 
48 (48.0)

0.15 0.702

Sex: 
 Female 
 Male

 
26 (26.0) 
74 (74.0)

 
25 (25.0) 
75 (75.0)

0.01 0.913

Height (cm): 
 ≤165  
 >165 

 
53 (53.0) 
47 (47.0)

 
69 (69.0) 
31 (31.0)

2.40 0.121

62.0%, χ2=17.46, p<0.001), folate II (20.0% vs. 
60.0%, χ2=14.05, p<0.001), Vitamin B12 (27.0% 
vs. 59.0%, χ2=9.05, p=0.003) and VEGF (pg/ml) 
(20.0% vs. 62.0%, χ2=14.95, p<0.001) whereas, 
less frequency of HDL (63.0% vs. 43.0%, 
χ2=3.84, p=0.05) and LDL (70.0% vs. 40.0%, 
χ2=7.95, p=0.005) in CAD cases as compared 
to non CAD cases suggesting that these may 
be associated with CAD. However, biochemical 
parameters namely VLDL, TG, TC, and Vitamin 
D, TSH, and total HCY2 did not differ (p>0.05) 
between the two groups indicating that these 
may not be associated with CAD. We have also 
observed the correlation of miR-122 and -126 
with demographic and clinical characteristics of 
the cases, however, the difference was not sig-
nificant (data not shown). 

Circulating miR-122 and miR -126 expression

The marker expression levels in the two groups 
are summarized in Table 3. Comparing the 
marker expression levels of the two groups, χ2 
test showed significantly different and higher 
frequency (%) of miR-122 (14.0% vs. 63.0%, 
χ2=21.23, p<0.0001) whereas the significant-
ly different and lower frequency of miR-126 

(80.0% vs. 39.0%, χ2=14.95, p<0.0001) in CAD 
cases as compared to non-CAD suggests that 
both markers may be associated with CAD as 
depicted in figure 1a and 1b.

Independent predictors of CAD

Unadjusted odds ratio

To evaluate the risk predictors of CAD, all vari-
ables (demographic and clinical, biochemical 
and marker expression) were first subjected to 
univariate (crude or unadjusted) binary logistic 
regression analysis (controls=0 and cases=1). 
These are summarized in Table 4. The univariate 
analysis found educational status (OR=9.86, 95% 
CI=3.13-31.01, p<0.001), smoking (OR=3.02, 
95% CI=1.04-8.76, p=0.04), exercise (OR=0.39, 
95% CI=0.16-0.92, p=0.03), hypertension 
(OR=4.40, 95% CI=1.74-11.14, p=0.002), chest 
pain (OR=27.50, 95% CI=8.79-86.01, p<0.001), 
HbA1c (OR=6.26, 95% CI=1.75-22.41, p=0.005), 
LDL (OR=0.28, 95% CI=0.12-0.70, p=0.006), 
sdLDL (OR=8.00, 95% CI=2.76-23.16, p<0.001), 
folate II (OR=6.07, 95% CI=2.22-16.53, p<0.001), 
Vitamin B12 (OR=3.95, 95% CI=1.57-9.98, 
p=0.004), VEGF (OR=6.40, 95% CI=2.35-17.47, 
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Demographic and clinical characteristics of two groups were summarised in number (n) and percentage (%) 
and compared by χ2 test.

Weight (kg): 
 ≤65  
 >65 

 
60 (60.0) 
40 (40.0)

 
56 (56.0) 
44 (44.0)

0.11 0.735

BMI (kg/m2): 
 ≤26 
 >26

 
67 (67.0) 
33 (33.0)

 
56 (56.0) 
44 (44.0)

0.94 0.331

Educational status: 
 Literate 
 Illiterate

 
86 (86.0) 
14 (14.0)

 
39 (39.0) 
61 (61.0)

19.14 <0.001

Occupation: 
 No 
 Yes

 
53 (53.0) 
47 (47.0)

 
34 (34.0) 
66 (66.0)

3.17 0.075

Nature of work: 
 Sedentary 

 Hard

 
22 (22.0) 
78 (78.0)

 
27 (22.0) 
73 (73.0)

0.29 0.591

Diet: 
 Vegetarian 

 Non-vegetarian

 
43 (43.0) 
57 (57.0)

 
27 (27.0) 
73 (73.0)

0.43 0.513

Smoking: 
 No 
 Yes

 
84 (84.0) 
16 (16.0)

 
63 (63.0) 
37 (37.0)

4.39 0.036

Alcohol: 
 No 
 Yes

 
83 (83.0) 
17 (17.0)

 
90 (90) 

10 (10.0)
0.18 0.670

Exercise: 
 No 
 Yes

 
67 (67.0) 
53 (53.0)

 
70 (70.0) 
30 (30.0)

4.73 0.030

Hypertension: 
 No 
 Yes

 
76 (76.0) 
24 (24.0)

 
38 (38.0) 
62 (62.0)

10.55 0.001

Chest pain: 
 No 
 Yes

 
83 (83.0) 
17 (17.0)

 
29 (29.0) 
71 (71.0)

44.42 <0.001
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Table 2 Biochemical parameter levels of  two groups

Variable
Controls 

(n=100) (%)
Cases 

(n=100) (%)
χ2  

value
p  

value

HbA1c (%): 
 ≤6  
 >6

 
90 (90.0) 
10 (10.0)

 
59 (59.0) 
41 (41.0)

9.52 0.002

HDL (mg/dl): 
 ≤43 
 >43

 
37 (37.0) 
63 (63.0)

 
57 (57.0) 
43 (43.0)

3.84 0.05

LDL (mg/dl): 
 ≤56 
 >56

 
30 (30.0) 
70 (70.0)

 
60 (60.0) 
40 (40.0)

7.95 0.005

VLDL (mg/dl): 
 ≤29 
 >29

 
50 (50.0) 
50 (50.0)

 
53 (53.0) 
47 (47.0)

0.06 0.81

TG (mg/dl): 
 ≤133 
 >133

 
57 (57.0) 
43 (43.0)

 
47 (47.0) 
53 (53.0)

0.74 0.39

TC (mg/dl): 
 ≤135 
 >135

 
37 (37.0) 
63 (63.0)

 
56 (56.0) 
44 (44.0)

3.38 0.06

sdLDL (mmol/l): 
 ≤15 
 >15

 
83 (83.0) 
17 (17.0)

 
38 (38.0) 
62 (62.0)

17.46 <0.001

Folate II (mmol/l): 
 ≤9 
 >9

 
80 (80.0) 
20 (20.0)

 
40 (40.0) 
60 (60.0)

14.05 <0.001

Vitamin B12 (pg/ml): 
 ≤238 
 >238

 
73 (73.0) 
27 (27.0)

 
41 (41.0) 
59 (59.0)

9.05 0.003

Vitamin D (ng/ml): 
 ≤21 
 >21

 
40 (40.0) 
60 (60.0)

 
60 (60.0) 
40 (40.0)

3.59 0.05
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TSH (µmol/l): 
 ≤2 
 >2

 
63 (63.0) 
37 (37.0)

 
64 (64.0) 
36 (36.0)

0.01 0.94

Total HCY2 (µmol/l): 
 ≤19 
 >19

 
47 (47.0) 
53 (53.0)

 
52 (52.0) 
48 (48.0)

0.30 0.58

VEGF (pg/ml): 
 ≤120 
 >120

 
80 (80.0) 
20 (20.0)

 
38 (38.0) 
62 (62.0)

14.95 <0.001

Biochemical parameter levels of two groups were summarised in number (n) and percentage (%) 
and compared by χ2 test.

Table 3 Circulating miRNA 122 &126 expression levels of  two groups

Variable Cut off 
Controls 

(n=100) (%)
Cases 

(n=100) (%)
χ2  

value
p  

value

miR-122:   
 ≤1.24  
 >1.24

 
86 (86.0) 
14 (14.0)

 
37 (37.0) 
63 (63.0)

21.23 <0.0001

miR-126:   
 ≤0.90 
 >0.90

 
20 (20.0) 
80 (80.0)

 
61 (61.0) 
39 (39.0)

14.95 <0.0001

Expression levels of two groups were summarised in number (n) and percentage (%) and compared by χ2 test.

Table 4 Predictors of  CAD using univariate binary logistic regression analysis

Predictor OR (95% CI) p value

Educational status: 
Literate 
Illiterate

 
Ref. 

9.86 (3.13-31.01)

 
 

<0.001

Smoking: 
No 
Yes

 
Ref. 

3.02 (1.04-8.76)

 
 

0.04
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Exercise: 
No 
Yes

 
Ref. 

0.39 (0.16-0.92)

 
 

0.03

Hypertension: 
No 
Yes

 
Ref. 

4.40 (1.74-11.14)

 
 

0.002

Chest pain: 
No 
Yes

 
Ref. 

27.50 (8.79-86.01)

 
 

<0.001

HbA1c (%): 
≤6 
>6

 
Ref. 

6.26 (1.75-22.41)

 
 

0.005

LDL (mg/dl): 
≤56 
>56

 
Ref. 

0.28 (0.12-0.70)

 
 

0.006

sdLDL (mmol/l): 
≤15 
>15

 
Ref. 

8.00 (2.76-23.16)

 
 

<0.001

Folate II (mmol/l): 
≤9 
>9

 
Ref. 

6.07 (2.22-16.53)

 
 

<0.001

Vit. B12 (pg/ml): 
≤238 
>238

 
Ref. 

3.95 (1.57-9.98)

 
 

0.004

VEGF (pg/ml): 
≤120 
>120

 
Ref. 

6.40 (2.35-17.47)

 
 

<0.001

miR-122: 
≤1.24 
>1.24

 
Ref. 

10.98 (3.48-34.63)

 
 

<0.001

miR-126: 
≤0.90 
>0.90

 
Ref. 

0.16 (0.06-0.43)

 
 

<0.001

OR: odds ratio, CI: confidence interval, Ref: reference category. All odds ratio were evaluated against reference category.
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p<0.001), miR-122 (OR=10.98, 95% CI=3.48-
34.63, p<0.001) and miR-126 (OR=0.16, 95% 
CI=0.06-0.43, p<0.001) as the significant pre-
dictors of CAD. Predictors that have shown sig-
nificant p values in univariate (crude or unad-
justed) binary logistic regression analysis were 
subjected to multivariable repression model to 
find the independent risk predictors of CAD.

Adjusted odds ratio

To find out the independent risk predictors of 
CAD, the significant variables (found in Table 4) 
were further subjected to multivariate (adjust-
ed) binary logistic regression analysis and are 
summarized in Table 5. The multivariate analy-
sis further found chest pain (OR=37.07, 95% 
CI=3.21-169.04, p=0.01) and miR-126 (OR=0.01, 

95% CI=0.00-0.63, p=0.03) as significant. Thus, 
chest pain and miR-126 may serve as significant 
and independent predictors of CAD. 

Diagnostic accuracy of circulatory 
miR-122 and miR-126

To see the diagnostic accuracy (sensitivity and 
specificity) of markers (miR-122 and miR-126) 
in predicting CAD, both the markers were 
subjected to ROC curve analysis. The ROC 
curve analysis showed a significant diagnos-
tic accuracy of miR-122 area under the curve 
(AUC= 0.8057, Z=6.66, p<0.001) and a cut-off 
value of >1.24, it discriminated the subjects 
of the two groups (controls and cases) with 
64.00% sensitivity (95% CI=53.79-73.36) and 
84.00% specificity (95% CI=75.32-90.57), and  

Figure 1 Scatter plot showing values of  the a) miR-122 and b) miR-126 in CAD 
cases and non-CAD cases

Groups were compared by Man Whitney U test. (Nsp>0.05 or***p< 0.001- as compared to Control group.)
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79.75% positive predictive value and 69.42% 
negative predictive value. Similarly, miR-126 
also showed significant diagnostic accuracy 
(AUC=0.806, Z=3.52, p<0.001), and at a cut-
off value of ≤0.90, it discriminated the sub-
jects of the two groups with 61.54% sensitivity 
(95% CI=49.8-72.3) and 80.00% specificity (95% 
CI=61.4-92.2), and 88.9% positive predictive val-
ue and 44.4% negative predictive value and also 
depicted in figure 2. 

DISCUSSION

The role of circulating miRNAs as a new bio-
marker in diagnosing cardiovascular diseases 
has kindled a brighter outlook worldwide. 
Despite recent advances and a stupendous 
rise in interest in miRNA for CAD diagnosis and 
prognosis, we are still unraveling the complex-
ity superficially. Circulating miRNAs are a sen-
sitive, diagnostic, and prognostic biomarker 
for therapeutic interventions. MiRNAs show 

Table 5 Independent predictors of  CAD using multivariate binary logistic 
regression analysis

Predictor OR (95% CI) p value

Educational status: 
Literate 
Illiterate

 
Ref. 

4.94 (0.32-76.49)

 
 

0.25

Smoking: 
No 
Yes

 
Ref. 

13.76 (0.54-353.17)

 
 

0.11

Exercise: 
No 
Yes

 
Ref. 

0.12 (0.00-5.31)

 
 

0.27

Hypertension: 
No 
Yes

 
Ref. 

1.15 (0.08-16.36)

 
 

0.91

Chest pain: 
No 
Yes

 
Ref. 

6.60 (3.21-169.04)

 
 

0.01

HbA1c (%): 
≤6 
>6

 
Ref. 

3.32 (0.16-68.21)

 
 

0.43

LDL (mg/dl): 
≤56 
>56

 
Ref. 

0.15 (0.01-2.23)

 
 

0.16
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sdLDL (mmol/l): 
≤15 
>15

 
Ref. 

18.20 (0.62-534.65)

 
 

0.09

Folate II (mmol/l): 
≤9 
>9

 
Ref. 

6.34 (0.44-90.60)

 
 

0.17

Vitamin B12 (pg/ml): 
≤238 
>238

 
Ref. 

26.62 (0.49-1454.89)

 
 

0.10

VEGF: (pg/ml) 
≤120 
>120

 
Ref. 

1.31 (0.11-15.18)

 
 

0.82

miR-122: 
≤1.24 
>1.24

 
Ref. 

13.25 (0.68-259.03)

 
 

0.08

miR-126: 
≤0.90 
>0.90

 
Ref. 

0.01 (0.00-0.63)

 
 

0.03

OR: odds ratio, CI: confidence interval, Ref: reference category. All odds ratio were evaluated against reference category

Figure 2 ROC curve values for miR-126 and miR-122 
to differentiate between CAD cases and non-CAD cases
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tissue-specific expression, are rapidly released 
into circulation, and are remarkably stable in 
serum/plasma. The emerging role of miRNA in 
CAD and cardiac arrhythmia has been demon-
strated.[14] Analysis of circulating plasma/serum 
miRNA may be of importance in disease predic-
tion and improvement of the diagnostic accu-
racy of cardiovascular diseases.[15, 16] Circulating 
levels of miR-1, miR-126, miR-133, miR-1291, 
miR-663b, and miR423-5p have been reported 
to be promising biomarkers in acute myocardial 
infarction (AMI) cases.[17, 18] Studies reported the 
up-regulation of miR-208a, miR-133a, miR-1, 
miR-133b, miR-337-5p, miR-122, and miR-433 
in CAD cases, however, the circulating levels of 
miR-126, miR-17, miR-145, miR-155, miR-92a, 
and miR-199a were significantly down regulat-
ed in CAD cases, as compared to non-CAD cases 
(controls).[19] Hoeckstra et al. in 2010, for the 
first time, analyzed human circulating miR in 
CAD, and miR-135a and -147 were found to be 
significantly elevated in CAD cases compared to 
non-CAD healthy controls.[20] The findings high-
light the role of circulating miRNAs as biomark-
ers in the detection of CAD. Different miRNAs 
related to cardiac origin have been studied to 
investigate the diagnostic potential. Reduced 
expression of miR-122 has been found in pa-
tients with MI. [21, 22] Our study evaluated the po-
tential signature of circulating miRNAs 122 and 
126 in differentiating CAD from non-CAD cases. 
We have found significant downregulation of 
miR-126 (p=<0.001) in CAD cases as compared 
to non-CAD cases. The level of circulating miR-
122 was significantly upregulated in CAD cases 
compared to non-CAD cases (p=0.001). A study 
by Wang X et al. 2017, reported a significant 
down regulation of miR-126 in CAD cases, and 
it was also associated with increased placen-
tal growth factor (PGF) levels in CAD and AMI 
cases.[23] Our findings of miR-126 are consistent 
with those of Li HY et al. 2016, where plasma 
miR-126-5p was significantly downregulated in 

patients with severe CAD.[24] The levels of miR-
126 were also lower in CAD patients with either 
intermediate or high SYNTAX scores, instead 
of low SYNTAX scores. In contrast to our find-
ing, the study by Sridhar M et al. 2021 reported 
that miR-122 was significantly downregulated 
in CAD patients, however, the level of miR-126 
did not show any change. This may be due to 
the frequent use of aspirin and β blockers medi-
cation of the study participants that may affect 
the miR-126 level.[13] These findings collectively 
indicate that anti-platelet therapies did not af-
fect the miRNA levels. [25-28]

In our study, a univariate analysis of demo-
graphic, clinical characteristics and miR-126 
& 122 has been carried out to find the risk 
predictor of CAD. We have found educational 
status (p<0.001), smoking (p=0.042), exercise 
(p=0.032), hypertension (p=0.002), chest pain 
(p<0.001), HbA1c (p=0.005), LDL (p=0.006), 
sdLDL (p<0.001), Folate II (p<0.001), Vitamin 
B12 (p=0.004), VEGF (p<0.001), miR-122 
(p<0.001) and miR-126 (p<0.001) as a signifi-
cant predictors of CAD. However, on multivari-
ate analysis chest pain (p=0.017) and miR-126 
(p=0.030) were found as a significant indepen-
dent risk predictor of CAD. A study by Su T et 
al. 2019; reported that circulating miR-1 might 
be an important biomarker for early AMI diag-
nosis and may predict the prognosis of patients 
with chest pain.[29] Similarly, Fichtlscherer et al. 
in their study reported significantly reduced lev-
els of endothelial expressed miR-126, -92a, and 
-17 in CAD cases compared to non-CAD cases.[30] 
A prospective population-based cohort study by 
Zampetaki et al. 2012 evaluated the predictive 
value of miRNA concerning myocardial infarc-
tion (MI). Multivariate cox regression analysis of 
miR-126, -197, and -223 showed predictive val-
ue for MI. The expression level of miR-126 was 
found to be positively associated with MI predic-
tion while those of miR-197 and -223 were in-
versely associated with MI prediction.[31] A study 
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by Zhu L 2017; reported that the presence of 
circulating miRNA-133a level in blood was a risk 
factor of CHD (OR: 2.565, 95% CI: 1.105-5.954, 
P = 0.028) and showed a positive correlation 
with miR-133a expression and Gensini score in 
patients with CHD (r = 0.303, P = 0.007).[32] In 
a recent study, Gao W et al. 2012 showed that 
plasma levels of miR-122 significantly increased 
in hyperlipidemic patients as compared to con-
trols and were positively correlated with TC, TG, 
and LDL-C levels in both hyperlipidemic patients 
and controls. Multiple logistic regression analy-
ses revealed the presence of CAD in patients 
with increased levels of miR-122.[33] A study by 
Wang YL et al. 2018 showed the significantly up-
regulated level of miR-122 in patients with ath-
erosclerotic lesions and these were positively 
correlated with cholesterol, triglycerides, and 
atherosclerotic severity.[34] A study by Pilbrow et 
al. 2014 reported that miR-652 was an indepen-
dent predictor of heart failure after acute myo-
cardial infarction (AMI).[35] However, the use of a 
combination of miRNAs or a combination of miR-
NAs with established prognostic markers such as 
BNP or cardiac troponin seems to improve the 
risk management in cardiovascular diseases.[35. 

36] In our study, the HbA1c level was significantly 
different between the CAD cases and non CAD 
cases indicating that patients with diabetes mel-
litus may affect the extracellular miRNA expres-
sions. [37, 27, 28]

Several studies have evaluated the diagnostic 
values of circulating miRNAs and reported that 
miRNA values may have diagnostic potential in 
the identification and differentiation of coro-
nary artery disease.[34, 35, 36] In a study by Zhong Z 
et al. 2018, analyzed miRNA-126-5p in unstable 
angina (UA) patients and ROC analysis revealed 
an AUC of 0.714 (95% CI: 0.555–0.873), how-
ever for ST-segment elevation myocardial in-
farction (STEMI) patients AUC was 0.703 (95% 
CI: 0.541–0.864).[38] In our study, ROC analysis 
of miR-122 and miR-126 showed significant 

diagnostic accuracy with an AUC of 0.805 and 
0.806 respectively.. 

These results strongly indicate that serum miR-
126 and miR-122 might be used as a novel, non-
invasive, and risk predictive biomarkers for CAD 
patients. Likewise, many studies have found the 
association of miRNAs with restenosis-related 
processes, such as VSMC proliferation, migra-
tion, and neointima formation highlighting the 
great use for diagnosis, prognosis, therapeu-
tic, or in additional clinical management. [39-41] 
Present study advocates the use of circulating 
miRNAs in the field of population-based risk as-
sessment of CAD. However, to fully exploit the 
potential of miRNAs, there is a need to stan-
dardized, sample processing as well as to use 
advanced techniques for analysis. Our study 
is limited by a smaller sample size. Therefore, 
future studies on larger cohorts without CAD 
(CAD-ve) and patients with CAD (CAD +ve) are 
needed to broadly evaluate the miRNAs for 
risk prediction in comparison with other estab-
lished cardiac markers. Our findings suggest 
that blood-based miRNAs may be sensitive and 
specific biomarkers for monitoring cardiovascu-
lar diseases, and for the evaluation of myocardi-
al protection during cardiac surgery. Further, an 
in-depth evaluation of the role of these miRNAs 
in the pathogenesis and progression of CAD will 
contribute to our understanding of the disease 
process and lead to new therapeutic and pre-
ventive strategies. 



Abbreviations used: 

BNP - Brain Natriuretic Peptide
CAD - Coronary Artery disease
Echo - Echocardiogram 
CT - Computed Tomography 
ECG - Electrocardiogram 
HDL - High density lipoproteins 
HF - Heart failure
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LDL - Low density lipoproteins 
miRNA - MicroRNA
MI - myocardial infarction
TG - Triglyceride 
VLDL -Very low-density lipoproteins
sdLDL - Small dense low-density lipoproteins
VEGF - Vascular Endothelial Growth Factor
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