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Introduction

Coronary artery disease (CAD) is one of the diseases with 
the highest morbidity and mortality in the world and can serious-
ly threaten human health. It is the most common type of organ 
disease caused by atherosclerosis. Many atherosclerotic pro-
cesses such as inflammatory response, oxidative stress, hemo-
dynamic changes, and endothelial cell damage are associated 
with CAD (1). At present, although there are some biomarkers 
of CAD such as interleukin-1β (IL-1β), tumor necrosis factor-α 
(TNF-α), and interleukin-18 (IL-18) (2, 3), these often lack speci-
ficity. Thus, novel biomarkers are still required to achieve earlier, 
more accurate and sensitive detection, and provide clinicians 
with a basis for the early diagnosis and treatment of CAD.

MicroRNAs (miRNAs) are a class of small non-coding RNAs 
having a length of 18–22 nt. They can bind to the 3’ untranslated 
region of target mRNA for inhibiting translation of the mRNA 
at the posttranscriptional level and regulate the expression of 
corresponding target genes (4). New research also shows that 
miRNAs can bind to the 5’ end of target genes (5) and activate 
their expression (6, 7). MicroRNAs are involved in cell differ-
entiation, growth, and apoptosis (8-11). In recent years, much 
research has shown that miRNAs have an important regula-
tory role in the occurrence and development of CAD (12-14). 
Coronary atherosclerosis mainly causes CAD. Once the unsta-
ble plaque ruptures, miRNAs in the cellular components of the 
plaque are released into the circulating blood. These cellular 
components may simultaneously also adsorb miRNAs in the 
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circulating blood. The release of miRNAs from the myocardial 
tissue of the upper infarct into the blood causes abnormal ex-
pression of miRNAs in the circulating blood of patients with 
coronary heart disease (15-17). Therefore, the increase or 
decrease in miRNAs is very closely associated with CAD. To 
date, many abnormal expression levels of miRNAs have been 
found in the blood of CAD patients, particularly significantly 
increased miRNAs, such as miRNA-208a, miRNA-499, and miR-
NA-149, which may become diagnostic biomarkers of CAD (18, 
19).

Aside from this, miRNAs can stably exist and be detected 
in the circulation, and blood samples can be conveniently col-
lected. Due to their tissue specificity and different expression 
profiles in different diseases, circulating miRNAs are expected 
to become new non-invasive biomarkers for the diagnosis of 
CAD.

However, whether miRNAs can be used for the diagnosis of 
CAD is not completely clear. This topic is controversial at pres-
ent. To further explore the relationship between miRNAs and 
CAD, this study quantitatively evaluated the relationship be-
tween miRNAs and CAD diagnosis through a meta-analysis so 
as to provide additional evidence to improve clinical treatment 
decisions.

Methods

This review was conducted in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Anal-
yses guidelines (20) and the recommendations of the Cochrane 
Collaboration (21).

Search strategy
Studies were retrieved from Pubmed, Embase, and Web of 

Science, from the time of inception of the database until January 
31, 2020. The search terms included “coronary heart disease,” 
“coronary artery disease,” “miRNA,” “miR,” “miRNAs,” “mi-
croRNA,” “diagnos*,” “sensitivity and specificity,” “ROC curve,” 
etc. These were searched as keywords to comprehensively and 
systematically collect relevant literature. Simultaneously, pub-
lished literature related to miRNAs diagnosis CAD was collected 
retrospectively.

Inclusion and exclusion criteria
Inclusion criteria: (1) Research subjects: Patients diagnosed 

with CAD by coronary angiography, including stable CAD (with or 
without angina), regardless of age, gender, and ethnicity; (2) CAD 
population as the observation group, and non-CAD disease or 
healthy population as the control group; (3) Research informa-
tion is reliable; (4) Ability to extract the original four-cell table 
data, true positive (TP), false positive (FP), false negative (FN), 
true negative (TN); (5) Study types include diagnostic trials, case-
control, retrospective, or prospective studies. Exclusion criteria: 

(1) The research object is non-human research; (2) Sensitivity 
and specificity analysis was not performed in the original text; 
(3) Studies without data such as reviews and meeting records; 
(4) Repeated publications.

Data extraction and quality assessment
Two independent reviewers screened the literature based 

on the inclusion and exclusion criteria and then further searched 
and read the full-text review. Cross-checking was completed, 
and group discussions were resolved when the opinions were 
inconsistent. The extracted content included: the first author, 
publication year, country, specimen, sample size, detection 
method, miRNA type, sensitivity, specificity, TPs, FPs, FNs, TNs, 
and AUC.

This study used QUADAS2 (22). Quality evaluation was per-
formed on the included studies, and each item was assessed us-
ing “Yes,” ;”No”, and "Unclear".

Statistical methods
Stata 14.0 (StataCorp, College Station, TX, USA) software 

was used for statistical analysis. TP, FP, FN, TN, combined sen-
sitivity, and specificity of each study were summarized. A com-
prehensive summary receiver operating characteristic curve 
(SROC) was drawn and the area under the curve (AUC) was 
calculated. The Spearman correlation coefficient was used to 
evaluate heterogeneity caused by the threshold effect. A p val-
ue of <0.05 indicated that the heterogeneity was caused by the 
threshold effect and a p value of >0.05 indicated that the het-
erogeneity was caused by other reasons, which were further 
analyzed. Chi-squared (χ2) and I2 tests were used for statistical 
heterogeneity analysis: χ2 test for heterogeneity of each study 
and I2 test for qualitative heterogeneity. When I2>50% or p<0.1, 
it indicated that there was heterogeneity between the research 
results, and a random effect model was used. When I2<50% 
or p>0.1, it indicated that there was no heterogeneity among 
the studies, and a fixed effect model was used. The test level 
was α=0.05. Meta-regression and subgroup analysis were used 
to explore potential heterogeneity. A subgroup analysis was 
conducted based on ethnicity (Asian vs. non-Asian), detec-
tion methods for miRNAs (qPCR vs. qRT-PCR), sample sources 
(blood vs. plasma vs. serum vs. Peripheral blood mononuclear 
cells (PBMCs), miRNAs profiling (single miRNA vs. multiple 
miRNAs), and aberrant expression (upregulation vs. downregu-
lation). The stability of the sensitivity analysis test results was 
evaluated. Deek’s funnel chart was used to assess for publica-
tion bias.

Results

Literature search
Figure 1 is a flow chart of study selection. A total of 283 ar-

ticles were obtained. Endnote was used to delete 86 duplicate 
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articles. After reading the title and abstract, 151 articles were 
found to be inconsistent with the topic and were excluded. 
The remaining articles were then read and 28 of them were 
excluded. Ultimately, 14 articles were eligible for inclusion (23-
36).

Study characteristics
Fourteen studies were included(23-36), which contained 38 

datasets, of which contained 38 datasets, of which 4 datasets 
analyzed multiple miRNAs for the joint diagnosis of CAD, and 
34 data sets analyzed single miRNAs for the diagnosis of CAD. 
Different literatures contain the same miRNAs. Therefore, there 
are only 29 kinds of miRNAs (27). One study was conducted in 
Europe (24), 12 in Africa (23, 25, 26, 28-36), and one in Asia. The 
meta-analysis included 846 cases and 898 controls. These are 
listed in Table 1.

Quality assessment
The evaluators independently evaluated the quality of eligible 

studies according to the QUADAS-2 standard assessment, as 
shown in Table 2.

Diagnostic accuracy of circulating miRNAs in CAD
The Spearman correlation coefficient used for diagnostic re-

sults was 0.51 (p=0.26), and although the ROC plan did not show 
a “shoulder-arm” distribution, there was no threshold effect be-
tween studies. Heterogeneity test results found that there was 
significant heterogeneity between studies. The random effects 
model was used for meta-analysis. The average sensitivity and 

specificity of miRNAs for CAD diagnosis were 0.80 (0.75–0.84) 
and 0.78 (0.75–0.81), respectively. The positive likelihood, nega-
tive likelihood, and diagnostic odds ratios were 3.7 (3.1–4.4), 0.26 
(0.21–0.33), and 14 (10–21), respectively, and the AUC was 0.85 
(0.82–0.88), indicating that miRNAs have a reference value for 
CAD diagnosis. The corresponding sensitivity, specificity, AUC, 
and 95% CI are shown in Figures 2 and 3.

Subgroup analysis and heterogeneity analysis
Subgroup analysis was based on ethnicity (Asian vs. non-

Asian), detection methods for miRNAs (qPCR vs. qRT-PCR), 
sample sources (blood vs. plasma vs. serum vs. PBMCs), miR-
NAs profiling (single miRNA vs. multiple miRNAs), and aberrant 
expression (upregulation vs. downregulation). All results are 
shown in Table 3. Comparing circulating miRNAs in patients with 
different ethnicities, the accuracy in the Asian population (sen-
sitivity 0.79, average specificity 0.75, diagnostic odds ratio 14.79, 
and AUC 0.86) was higher than that in the non-Asian population 
(sensitivity 0.73, average specificity 0.70, diagnostic odds ratio 
6.61, and AUC 0.74).

Compared with a single miRNA, the diagnosis of multiple 
miRNAs had a higher sensitivity and specificity. The sensitivity 
increased from 0.78 to 0.81, and the specificity increased from 
0.75 to 0.76.

Based on the analysis of different sample sources, the miR-
NAs in blood was more accurate than the miRNAs in plasma, 
serum, and PBMC. The average specificity, diagnostic odds ratio, 
and AUC were 0.78, 25.64, and 0.91, respectively.

For the detection methods of miRNAs, the diagnostic perfor-
mance of the qRT-PCR group (sensitivity 0.81, average specificity 
0.78, diagnostic odds ratio 16.63, and AUC 0.87) was better than 
that of the qPCR group (sensitivity 0.72, average specificity 0.71, 
diagnostic odds ratio 7.39, and AUC 0.80).

In addition, we conducted further studies to determine if up-
regulated miRNAs had better diagnostic accuracy than down-
regulated miRNAs. The results showed that although the sensi-
tivity (0.79 and 0.75, respectively) and specificity (0.72 and 0.81, 
respectively) were slightly different, the AUC of both groups was 
0.85, and the upregulated and downregulated miRNAs may have 
similar diagnostic performance.

Due to the heterogeneity of this meta-analysis, regression 
analysis was conducted on factors such as ethnicity, miRNA 
profiling, altered miRNA, detection methods fo r miRNAs, and 
sample size. The results show that the sensitivity was affected 
by the detection method and aberrant expression, whereas 
specificity was affected by the test method, aberrant expres-
sion, and sample size. This is shown in Figure 4.

Sensitivity analysis
Sensitivity analysis tests the stability of the results of this 

meta-analysis. The results show that our results were stable 
and not affected by a single study. This has been shown in Fig-
ure 5.

Figure 1. Flow diagram of the study selection for the present meta-
analysis
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Publication bias
Deek’s funnel plot asymmetry test explored the 

publication bias in diagnostic accuracy, and the re-
sults showed no publication bias (p=0.07). This is 
shown in Figure 6.

Discussion

CAD is a global health problem and the leading 
cause of death. How to improve the early diagnosis of 
CAD has been an important direction for cardiovascu-
lar disease research. Therefore, specific and sensitive 
CAD diagnostic markers are urgently required.

Many studies have found miRNAs in human pe-
ripheral blood and over 100 of these have been con-
firmed in serum (37). Subsequent research tended 
to use miRNAs as biomarkers for tumor diagnosis. 
Zheng et al. (38) found that miRNA-106b and miR-
NA-195 are good classifiers of hepatocellular carci-
noma (HCC) and may have key roles in the progres-
sion of HCC. Studies have also shown that the AUC of 
miRNAs in diagnosing HCC is 0.991 (39). Some studies 
have shown that serum miRNA-21 is upregulated in 
patients with colorectal cancer (40, 41). Other stud-
ies have shown that miRNA-101 is downregulated in 
colorectal cancer (42). As the detection of miRNAs 
becomes increasingly sensitive and convenient, re-
search on miRNAs has gradually turned to the field of 
clinical application. At present, research on new bio-
markers indicates that miRNAs may play a key role in 
CAD because of the differences in miRNA expression 
levels observed between CAD patients and healthy 
controls. miRNAs are the main regulators of the func-
tions of cardiomyocytes, endothelial cells, vascular 
smooth muscle cells (VSMCs), and platelets, which 
refer to the initiation and progression of atherosclero-
sis as the key cause of CAD (1). In the process of ath-
erosclerosis, miR-33a can inhibit cell cycle progres-
sion and proliferation of VSMCs by downregulating 
the expression of p53 and cmyc genes (43). Besides, 
miRNA-21 can promote the proliferation of VSMCs 
and reduce apoptosis, which plays a role in regulat-
ing the formation of vascular neointima (44). In human 
myocardial progenitor cells, miRNA-1 can directly act 
on the target gene Spred1 and inhibit its expression, 
thus promoting angiogenesis and differentiation (45). 
Nitric oxide (NO) is a vascular protective substance 
regulated by endothelial nitric oxide synthase (eNOS) 
and has anti-atherosclerotic effects (46). miRNA-214 
is associated with eNOS activity, which can decrease 
the expression of the eNOS gene (47). Inhibiting the 
expression of miRNA-214 has an anti-atherosclerotic 
effect, thus reducing the incidence of coronary heart 
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disease (48). Inflammation is known to be a major contributor 
to atherogenesis. miRNA-155 can also inhibit the mitogen-acti-
vated protein kinase 10 gene, thereby reducing the production 
of inflammatory cytokines and slowing down the progression of 
atherosclerosis (49).

However, for different studies (24, 26, 27, 31, 32, 34, 35), the 
results of miRNAs in CAD are controversial. Previous systematic 
reviews (50-52) have evaluated whether miRNAs can be used 
as biomarkers for the diagnosis and prognosis of CAD, but these 
included only those evaluated by bibliometrics and descriptive 

Table 2. Methodological quality evaluation of the included literature

Study                                     Risk of bias    Applicability

 Patient Index Reference Flow and Patient Index Reference

 selection test standard timing selection test standard

Sayed et al. (30) 2015 L U U L L U U
Faccini et al. (27) 2017 H L L L L L L
Zhang et al. (33) 2018 H U L L U U L
Zhou et al. (36) 2015 U U U L L L L
Dong et al. (25) 2017 H U L L H U L
Amr et al. (24) 2018 H U L U L U L
Guo et al. (28) 2018 L L U L L L L
Du et al. (26) 2016 H L L L U L L
Quan et al. (29) 2018 H U L L L L L
Wang et al. (31) 2014 L U U L L U L
Wu and Zhang (32) 2018 H H U L L L L
Zhang et al. (35) 2017 L U L L L L L
Zhang et al. (39) 2020 L U L L L L L
Ali Sheikh et al. (23) 2015 U U U L L L L

U - unclear risk of bias; L - low risk of bias; H - high risk of bias

Table 3. Summary estimates of diagnostic criteria and their 95% confidence intervals

Subgroup n SEN (95% CI) SPE (95% CI) DOR (95% CI) AUC

Ethnicity
 Asian 33 0.79 (0.77-0.80) 0.75 (0.74-0.79) 14.79 (10.32-21.20) 0.86
 Non-Asian 5 0.73 (0.67-0.77) 0.70 (0.62-0.77) 6.61 (2.71-16.12) 0.74
miRNA profiling
 Single miRNA 34 0.78 (0.76-0.79) 0.75 (0.73-0.77) 13.6 (9.44-19.60) 0.86
 Multiple miRNA 4 0.81 (0.76-0.85) 0.76 (0.69-0.81) 13.26 (5.51-31.79) 0.84
Specimen
 Blood 7 0.88 (0.85-0.90) 0.78 (0.74-0.81) 25.64 (11.61-56.61) 0.91
 Plasma 16 0.76 (0.74-0.79) 0.77 (0.74-0.80) 13.21 (7.98-21.86) 0.86
 Serum 10 0.77 (0.74-0.80) 0.81 (0.77-0.85) 15.53 (8.26-29.19) 0.88
 PBMCs 5 069 (0.66-0.72) 0.67 (0.64-0.71) 4.89 (3.14-7.63) 0.75
Altered miRNA
 Upregulation 19 0.79 (0.77-0.81) 0.72 (0.70-0.74) 13.23 (8.09-21.65) 0.85
 Downregulation 15 0.75 (0.72-0.77) 0.81 (0.78-0.83) 14.11 (8.12-24.53) 0.85
Method
 qPCR 9 0.72 (0.69-0.74) 0.71 (0.68_0.74) 7.39 (4.54-12.03) 0.80
 qRT-PCR 29 0.81 (0.79-0.83) 0.78 (0.76-0.80) 16.63 (11.16-24.78) 0.87
Overall  0.80 (0.75-0.84) 0.78 (0.75-0.81) 14 (10-21) 0.85

n - number ; Cl - confidence intervals; DOR - diagnostic odds ratio; SEN - sensitivity; SPE - specificity; AUC - area under curve
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analyses. However, whether miRNAs are potential diagnostic 
biomarkers and how their diagnostic ability is mediated is not yet 
clear, and the inconsistencies are not yet resolved. Our meta-
analysis includes specific types of common miRNAs and diag-
nostic meta-analysis was used for analysis. Therefore, the con-
clusions of our study are more stable and significant than those 
of previous studies.

In this meta-analysis, we included 14 studies (23-36), contain-
ing 38 data sets of miRNA expression profiles to systematically 
and comprehensively evaluate the potential diagnostic value 
of circulating miRNAs as diagnostic markers of CAD. Results of 
the meta-analysis showed that the average sensitivity was 0.80 
(0.75–0.84), the average specificity was 0.78 (0.75–0.81), the posi-
tive likelihood ratio was 3.7 (3.1–4.4), and the negative likelihood 
ratio was 0.26 (0.21–0.33). The diagnostic odds ratio and the AUC 
were 14 (10–21) and 0.85 (0.82–0.88), respectively. This shows 
that miRNAs have a certain reference value for CAD diagnosis. 

One study showed that the AUC of miRNA-126 in diagnosing CAD 
was 0.98 (24). The predictive value of miR-126 for CAD may be ex-
plained by its essential roles in the mediation of endothelial cell 
activities and inflammatory responses (32). Moreover, miRNA-223 
and miRNA-149 have relatively good potential as biomarkers for 
the diagnosis and prognosis of CAD patients, with diagnostic 
AUCs of 0.933 and 0.938, respectively (28, 30). miRNA-181b ex-
erts its anti-atherosclerotic effect by inhibiting the proliferation 
and migration of vascular smooth muscle cells (53). miRNA-130a 
can regulate angiogenesis by inhibiting the expression of target 
genes (54). These findings may lead to the development of novel 
therapeutic modalities for the prevention and treatment of this 
disease. From the results of this study, the combined sensitivity 
and specificity of miRNAs in the diagnosis of CAD are high. The 
SROC (AUC) was approximately 0.85. In addition to this, the diag-
nostic odds ratio, as a combined measure of the sensitivity and 
specificity of miRNAs for CAD diagnosis, was 14, thus reflecting 

Study ID

Ali/2015 Ali/20150.97 [0.90-1.00] 0.95 [0.75-1.00]
Ali/2015 Ali/20150.93 [0.84-0.98] 0.90 [0.68-0.99]

Zhang/2020 Zhang/20200.90 [0.81-0.95] 0.81 [0.69-0.89]

Zhang/2018 Zhang/20180.74 [0.64-0.82] 0.74 [0.64-0.83]
Zhang/2018 Zhang/20180.76 [0.67-0.84] 0.73 [0.63-0.82]
Zhang/2018 Zhang/20180.97 [0.92-0.99] 0.83 [0.73-0.90]
Zhang/2018 Zhang/20180.59 [0.49-0.68] 0.83 [0.73-0.90]

Wu/2018 Wu/20180.71 [0.62-0.79] 0.85 [0.77-0.92]
Zhang/2017 Zhang/20170.93 [0.90-0.96] 0.75 [0.66-0.83]

Wang/2014 Wang/20140.84 [0.75-0.91] 0.82 [0.65-0.93]
Wang/2014 Wang/20140.92 [0.85-0.97] 0.85 [0.69-0.95]
Wang/2014 Wang/20140.88 [0.80-0.94] 0.88 [0.73-0.97]
Wang/2014 Wang/20140.63 [0.52-0.73] 0.76 [0.59-0.89]
Wang/2014 Wang/20140.92 [0.85-0.97] 0.85 [0.69-0.95]
Wang/2014 Wang/20140.57 [0.46-0.67] 0.79 [0.62-0.91]
Sayed/2015 Sayed/20150.82 [0.70-0.90] 0.94 [0.79-0.99]
Sayed/2015 Sayed/20150.68 [0.55-0.79] 0.94 [0.79-0.99]
Sayed/2015 Sayed/20150.72 [0.60-0.83] 0.94 [0.79-0.99]
Quan/2018 Quan/20180.78 [0.67-0.87] 0.76 [0.63-0.86]

Faccini/2017 Faccini/20170.75 [0.64-0.85] 0.63 [0.44-0.79]
Faccini/2017 Faccini/20170.74 [0.62-0.84] 0.59 [0.41-0.76]
Faccini/2017 Faccini/20170.59 [0.47-0.71] 0.78 [0.60-0.91]
Faccini/2017 Faccini/20170.65 [0.53-0.76] 0.66 [0.47-0.81]

Du/2016 Du/20160.70 [0.53-0.83] 0.75 [0.59-0.87]
Du/2016 Du/20160.68 [0.51-0.81] 0.82 [0.67-0.93]
Du/2016 Du/20160.57 [0.41-0.73] 0.85 [0.70-0.94]
Du/2016 Du/20160.85 [0.70-0.94] 0.73 [0.56-0.85]

Dong/2017 Dong/20170.68 [0.61-0.75] 0.65 [0.57-0.73]
Dong/2017 Dong/20170.65 [0.57-0.72] 0.60 [0.52-0.68]
Dong/2017 Dong/20170.72 [0.64-0.79] 0.67 [0.59-0.75]
Dong/2017 Dong/20170.70 [0.62-0.77] 0.65 [0.57-0.73]

Amr/2018 Amr/20180.98 [0.88-1.00] 0.95 [0.75-1.00]

Combined Combined0.80 [0.75-0.84] 0.78 [0.75-0.81]
Q=302.20, df=37.00, P=0.00 Q=147.21, df=37.00, P=0.00
I2=87.76 [84.61-90.90] I2=74.87 [66.97-82.76]

0.4 0.41.0 1.0
Sensitivity Specificity

Guo/2018 Guo/20180.86 [0.82-0.90] 0.91 [0.84-0.96]

Zhang/2020 Zhang/20200.78 [0.68-0.86] 0.72 [0.59-0.82]
Zhang/2020 Zhang/20200.80 [0.70-0.87] 0.63 [0.50-0.74]
Zhang/2020 Zhang/20200.83 [0.73-0.90] 0.75 [0.63-0.84]

Zhou/2015 Zhou/20150.74 [0.60-0.84] 0.70 [0.58-0.81]
Zhou/2015 Zhou/20150.79 [0.67-0.88] 0.69 [0.56-0.79]

Study IDSensitivity (95% CI) Specificity (95% CI)

Figure 2. Forest plots for studies on overall miRNAs used in the diagnosis of coronary artery disease among the 38 studies included in the meta-
analysis
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higher diagnostic performance. These results indicate that miR-
NAs have a high diagnostic value in the diagnosis of CAD. How-
ever, due to the heterogeneity of the combined effect amount, in 
this case, the combined analysis and interpretation of the results 
may not be accurate. Therefore, to address heterogeneity, sub-
group and meta-regression analyses were performed to explore 
the source of heterogeneity.

In the subgroup analysis, the results of the present study 
showed that the accuracy in the Asian population was higher 
than that in the non-Asian population. Because most of the me-
ta-analyses included in this study were conducted in Asia, the 
results may be biased and need to be supported by research in 
other regions. The results of this study may be more suitable for 
the diagnosis of Asian populations. Compared with a single miR-
NA, multiple miRNAs may be more diagnostic. The occurrence 
and development of CAD are diverse, and single miRNAs may 
lack specificity in the diagnosis of CAD, whereas multiple miR-
NAs with complex molecular mechanisms may be more valuable. 
Diagnostic accuracy of miRNAs in blood was better than those in 
plasma, serum, and PBMCs. Because miRNAs in blood can resist 
digestion by ribonuclease, they are not susceptible to changes in 
temperature, pH, and storage time, and thus have great stability 
(55). The detection method of miRNAs is also an important fac-
tor that affects sensitivity and specificity. Our subgroup analysis 
found that the diagnostic performance of the qRT-PCR group was 
better than that of the qPCR group, of which the AUC was as high 
as 0.87. One of the studies that were included (24) reported that 
the AUC of miRNAs detected by qRT-PCR for diagnosing CAD was 
as high as 98%. Therefore, qRT-PCR may be the tool of choice for 
miRNA detection.

There was some heterogeneity in the combined results of this 
meta-analysis. First, whether the heterogeneity was caused by 
non-threshold effects was analyzed. The Spearman correlation 
coefficient for diagnostic results was 0.51 (p=0.26), indicating 
that there was no threshold effect. For ethnicity, miRNA profil-
ing, and altered regression analysis were performed on miRNAs, 
miRNA detection methods, and sample size. It was found that 
sensitivity was affected by the detection method and aberrant 
expression, and specificity was affected by the measurement 
method, aberrant expression, and sample size. The above factors 
are the main sources of heterogeneity.

A sensitivity analysis was performed to evaluate the stability 
of the study, which suggested that the results of the study are 
stable. Besides, Deek’s funnel plot asymmetry test showed no 
publication bias.

The following are the limitations of this study. (1) There were 
differences between the populations of the studies included in 
the observation group, which may have affected the results. (2) 
This study had some heterogeneity, and while some sources 
of heterogeneity were explained, different cut-off values were 
used in the included studies, which may also be a cause of het-
erogeneity. (3) There was a certain bias in the methodology of 
the included studies, and there may be design and implemen-
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Figure 3. The summary receiver operating characteristic curves 
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Figure 4. Univariate meta-regression and subgroup analyses for 
sensitivity and specificity of miRNAs for the diagnosis of coronary 
artery disease
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tation bias in the experimental results. (4) The sample size of 
some of the included studies was small. (5) Most of the included 
studies were retrospective case-control studies, which may 

have increased the selection bias. These limitations may have 
biased the meta-analysis results and affected the reliability of 
the results.

Conclusion

In summary, miRNAs, as novel biomarkers for the diagnosis of 
CAD, present a better diagnostic value, which can help clinicians 
diagnose CAD in a more timely and accurate manner. With the 
advent of technology and the development of new high-through-
put miRNA detection methods, the sensitivity and specificity of 
detection will increase, and costs will decrease. The study of 
circulating miRNAs will eventually provide new methods for the 
diagnosis and treatment of CAD.
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