
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation 
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.

Zhang et al. BMC Cardiovascular Disorders          (2024) 24:423 
https://doi.org/10.1186/s12872-024-04088-3

BMC Cardiovascular Disorders

†Shaohua Zhang and Guifen Yang should be considered joint first 
author.

*Correspondence:
Weizhen Liu
liuweizhen8112@163.com
1Cardiovascular Department, General Hospital of Central Theater 
Command, 627 Wuluo Road, Wuchang District, Wuhan 430070, China

Abstract
Background Acute coronary syndrome (ACS) is a serious cardiovascular disease that severely affects the quality of 
life and longevity of patients. MicroRNAs (miRNAs) play a key role in the progression of ACS with significant clinical 
value. The aim of this study was to examine the clinical value of miR-223-5p in ACS and on the occurrence of major 
adverse cardiovascular events (MACE) after percutaneous coronary intervention (PCI).

Methods The plasma expression of miR-223-5p was detected by RT-qPCR. The correlation of miR-223-5p and cTnI 
or Gensini score was shown by the Pearson method. Risk factors for the development of ACS were analyzed by 
multivariate logistic regression. The efficacy of miR-223-5p in identifying patients with ACS was shown by ROC curve. 
The predictive value of miR-223-5p for MACE development in ACS patients within 6 months after PCI was assessed by 
Kaplan-Meier curve and multivariate Cox regression.

Results miR-223-5p levels were markedly elevated in ACS patients. miR-223-5p was found to be positively related to 
cTnI or Gensini score. miR-223-5p was a risk factor for ACS and significantly identified patients with ACS. MACE was 
more likely to occur after PCI in patients with high miR-223-5p levels, and miR-223-5p was an independent prognostic 
indicator of MACE.

Conclusions miR-223-5p had diagnostic value for ACS and predicted MACE after PCI.
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Background
Acute coronary syndrome (ACS) is an acute ischemic 
syndrome of the cardiac system due to disruption or ero-
sion of unstable atherosclerotic plaques that are present 
in the coronary arteries, covering ST-segment elevation 
myocardial infarction (STEMI), unstable angina pectoris 
(UA), and non-STEMI (NSTEMI) [1]. Patients with ACS 
usually present with acute chest pain, but other atypical 
symptoms may also be present as their first symptoms 
[2]. In China, the incidence of ACS continues to increase 
year after year, and most patients with ACS are first seen 
in the emergency department. The clinical diagnosis of 
ACS is usually based on clinical symptoms, electrocar-
diograms, and myocardial enzyme profiles. Despite this, 
a large number of patients with ACS are misdiagnosed, 
and even 2–5% have been missed in the emergency 
department [3–5].

ACS is often associated with serious complications, 
and early intervention can help to minimize serious 
complications (e.g., sudden death, recurrent myocar-
dial infarction, and cardiac failure) [6]. The application 
of percutaneous coronary intervention (PCI) has greatly 
improved the efficiency for ACS patients. However, 
patients still face the risk of major adverse cardiovascu-
lar events (MACE) following surgery, and the prognosis 
is uncertain. Early prediction of prognosis can provide 
an important reference for clinical treatment and man-
agement [7]. Therefore, the search for biomarkers for the 
diagnosis and prognosis of ACS is particularly important 
for timely intervention and effective treatment of ACS 
patients.

MicroRNAs (miRNAs) can be involved in vascular 
development, inflammation, thrombosis, etc., and are 
essential for the normal physiological or pathological 
mechanisms of the cardiovascular system [8–10]. miR-
NAs have been demonstrated to be key regulators of 
many cellular events in the pathogenesis of cardiovas-
cular diseases, such as disorders of lipid metabolism, 
impaired endothelial function, and atherosclerotic plaque 

formation [11]. miR-663 was reported to influence the 
development of atherosclerosis by regulating the prolifer-
ation of vascular smooth muscle cells, thereby informing 
atherosclerosis treatment [12]. Recent studies suggested 
that miRNAs may have a potential biomarker role in the 
early diagnosis, treatment, and prognosis of ACS [13]. 
For example, miR-378c was shown to be significantly 
downregulated in blood and atherosclerotic plaques of 
ACS patients, which may serve as a biomarker for early 
atherosclerosis detection and a novel regulator of athero-
sclerosis [14]. Previously, miR-223-5p showed differential 
expression in ACS [15], but its value in the diagnosis and 
prognosis prediction of ACS has not been studied.

In the present study, miR-223-5p was hypothesized as 
a potential biomarker for ACS diagnosis and prognosis. 
By fully analyzing the clinical data, this study revealed the 
significance that miR-223-5p has on the occurrence and 
prognosis of ACS.

Materials and methods
Study subjects
In this study, 116 patients with ACS who attended the 
emergency department of General Hospital of Central 
Theater Command between May 2022 and May 2023 
were included in the study, and all of them met the diag-
nostic criteria of the Guidelines for Rapid Diagnosis and 
Treatment of Acute Coronary Syndrome in Emergency 
Department (2019). A total of 80 healthy people who 
underwent medical checkups during the period were 
selected as the control group. All procedures performed 
in studies involving human participants were in accor-
dance with the 1964 Helsinki Declaration and its later 
amendments or comparable ethical standards. The study 
was approved by the Ethics Committee of General Hos-
pital of Central Theater Command and conducted with 
informed consent signed by the patients or guardians.

Inclusion criteria: (1) diagnosis of ACS confirmed by 
history, physical signs, laboratory tests, electrocardio-
gram, cardiac ultrasound, coronary CT angiography 

Fig. 1 Association of miR-223-5p with the occurrence of ACS. A. miR-223-5p levels in control and ACS groups. B, C. Correlation between miR-223-5p and 
ACS-related indicators cTnI (B) or Gensini score (C). ****P < 0.0001
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(CTA), coronary angiography, etc.; (2) age greater than 40 
years; (3) no psychiatric disease; (4) all underwent PCI; 
(5) the patient himself/herself or his/her legal guardian 
agreed to take part in the study and signed the form, and 
was able to cooperate with the follow-up visits. Exclu-
sion criteria: (1) unanticipated death or survival less than 
six months; (2) severe cardiac insufficiency (greater than 
class III), severe hepatic or renal insufficiency; (3) malig-
nant cardiac arrhythmia, infective endocarditis, aortic 
coarctation, and cardiac valvular disease, Pulmonary 
embolism; (4) severe infectious or contagious diseases; 
(5) concomitant hematologic or autoimmune diseases; 
(6) breastfeeding or pregnancy; (7) malignant tumors, 
cerebral infarction, cerebral hemorrhage.

General data such as gender, age, BMI, and history of 
diabetes or hypertension were collected and recorded 
for all subjects. Biochemical parameters of ACS and con-
trol groups were obtained using cobas c 702 automated 
biochemistry analyzer (Roche, Germany): triacylglycerol 
(TG), total cholesterol (TC), low- or high-density lipo-
protein cholesterol (LDL-C, HDL-C), white blood cells 
(WBC), etc. Coronary angiograms were collected from 
the enrolled ACS patients and quantitatively scored using 
the Gensini Scoring System for each diseased coronary 
vessel according to the Coronary Artery Vessel Seg-
mentation Scoring Criteria (CAVSSC) developed by the 
American Heart Association (AHA) [16], as described in 
the Table S1.

Blood sample collection
5 mL of venous blood was collected from ACS patients 
(within 24  h before PCI) using EDTA anticoagulation 

tubes after admission. Fasting venous blood was collected 
from the control population. The supernatant plasma was 
separated at 3000 g for 15 min at 4 °C, placed in EP tubes 
(RNase-free), and stored at -80 °C.

RT-qPCR
According to the manual, the miR-223-5p in plasma 
was extracted by miRNeasy Serum/Plasma Kit (Qiagen, 
Germany) and reverse transcribed to cDNA by SuperRT 
III miRNA Reverse Transcription Kit (Biosharp, Anhui, 
China). The cDNA was used as the template for RT⁃qPCR 
with miRNA QPCR Master Mix (Agilent, USA) on an 
ABI 7500 system (Applied Biosystems, USA). The RT-
qPCR program was as follows: 95°C for 10 min; 95°C 
for 10 s, 60°C for 15 s, 72°C for 20 s, 40 cycles. The lev-
els of miR⁃223⁃5p were calculated by the 2−ΔΔCt method 
(internal reference: U6). The forward and reverse primer 
sequences for miR-223-5p were 5′- C G T G T A T T T G A C A 
A G C T G-3’ and 5′- G A A C A T G T C T G C G T A T C T C-3’. The 
forward and reverse primer sequences for U6 were 5′- G C 
T T C G G C A G C A C A T A T A C T-3’ and 5′- G T G C A G G G T C 
C G A G G T A T T C-3’.

Follow-up and prognostic evaluation
ACS patients were followed up for 6 months after dis-
charge from the hospital in outpatient clinics or by tele-
phone. Follow-up consisted of the occurrence of MACE, 
which was defined as unintended coronary revascu-
larization, nonfatal AMI, and all-cause death. Patients 
with ACS were categorized into MACE and non-MACE 
groups according to the occurrence of MACE.

Statistical analysis
SPSS 23.0 was employed for statistical analysis, and 
GraphPad 9.0 was used to visualize the results. Mean ± SD 
was used for the data conforming to the normal distribu-
tion, and the number of cases was presented for count 
data. Comparisons between the two groups were made 
by chi-square test or t-test. The risk factors for the occur-
rence of ACS were evaluated by multivariate logistic 
regression. The diagnostic efficacy of plasma miR-223-5p 
for ACS was analyzed using the ROC curve, and the cor-
relation of plasma miR-223-5p and cTnI or Gensini score 
was analyzed by the Pearson method. Different levels of 
miR-223-5p were analyzed with the possibility of MACE 
after PCI through Kaplan-Meier curve. Multivariate Cox 
regression was carried out to analyze the independent 
predictors of MACE in patients with ACS. P < 0.05 indi-
cated statistically significant differences.

Table 1 Comparison of baseline data between the ACS patients 
and the healthy individuals
Clinical characteristic ACS group 

(n = 116)
control 
group 
(n = 80)

P 
value

Sex (male/female) 63/53 46/34 0.659
Age (years) 59.99 ± 8.94 59.81 ± 7.79 0.885
BMI (kg/m2) 24.67 ± 4.51 24.16 ± 4.10 0.425
TC (mmol/L) 4.33 ± 0.57 4.17 ± 0.47 0.036
TG (mmol/L) 1.60 ± 0.40 1.50 ± 0.28 0.049
HDL-C (mmol/L) 1.10 ± 0.26 1.10 ± 0.26 0.939
LDL-C (mmol/L) 2.77 ± 0.56 2.64 ± 0.55 0.109
WBC (× 109/L) 7.41 ± 0.92 6.85 ± 1.01 < 0.001
Hypertension (no/yes) 52/64 43/37 0.219
Diabetes (no/yes) 67/49 45/35 0.834
NT-proBNP (pg/mL) 156.47 ± 53.16 - -
CK-MB (ng/mL) 14.04 ± 3.39 - -
cTnI (ng/mL) 1.79 ± 0.51 - -
Gensini score 52.33 ± 14.83 - -
Abbreviations BMI, body mass index; TC, total cholesterol; TG, triglyceride; 
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein 
cholesterol; WBC, white blood cell; NT-proBNP, N-terminal pro-B-type 
natriuretic peptide; CK-MB, creatine kinase-MB; cTnI, cardiac troponin I
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Results
Upregulation of miR-223-5p correlated with the 
development of ACS
The baseline data of ACS patients and the control group 
were first compared, and no significant differences were 
shown in terms of sex, age, BMI, LDL-C, HDL-C, and 
history of hypertension or diabetes mellitus (P > 0.05). 
Nevertheless, the levels of TC, TG, and WBC were mark-
edly higher in ACS patients than that of the control 
group (P < 0.05, Table 1). Plasma miR-223-5p levels were 
dramatically elevated in ACS patients according to the 
results of RT-qPCR (P < 0.0001, Fig.  1A). Furthermore, 
miR-223-5p was positively correlated with cTnI (r = 0.684, 
95% CI = 0.573–0.770, Fig. 1B), a biomarker of myocardial 
injury, and Gensini score (r = 0.715, 95% CI = 0.612–0.794, 
Fig. 1C), a quantitative assessment of coronary artery ste-
nosis severity.

MiR-223-5p possessed potential diagnostic value in ACS
Multivariate logistic regression results indicated that 
miR-223-5p (OR = 8.404, 95% CI = 4.044–17.465) was a 
risk factor in the development of ACS (P < 0.001, Fig. 2A). 
Consistently, the ROC curve confirmed the significant 
value of miR-223-5p in identifying ACS patients, showing 
the AUC value of which was 0.829 (95% CI = 0.773–0.886, 
Fig.  2B) with the sensitivity and specificity of 0.664 and 
0.888, respectively.

MiR-223-5p predicted MACE after PCI in patients with ACS
Here, MACE occurred in 27 patients within 6 months 
after PCI in the ACS patients. The levels of NT-proBNP, 
CK-MB, cTnI, and Gensini score in the MACE group 
were markedly elevated by comparison with the non-
MACE group (P < 0.001, Table  2), while other fea-
tures such as sex and age were not remarkably different 
(P > 0.05). The levels of miR-223-5p were markedly 
elevated in patients who underwent MACE after PCI 

Fig. 2 Diagnostic value of miR-223-5p in ACS. (A) Risk factors for developing ACS. (B) Diagnostic efficacy of miR-223-5p for ACS
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versus the non-MACE group (P < 0.0001, Fig.  3A). Sub-
sequently, the predictive value of miR-223-5p for the 
occurrence of MACE after PCI was examined. All ACS 

patients were grouped according to mean miR-223-5p 
levels, and the Kaplan-Meier curve indicated that ACS 
patients with high miR-223-5p expression were at higher 
risk of MACE after PCI (log-rank, P = 0.030, Fig. 3B). In 
addition, multivariate Cox regression demonstrated that 
plasma miR-223-5p (HR = 4.202, 95% CI = 1.286–13.725), 
cTnI (HR = 2.731, 95% CI = 1.046–7.128), and Gensini 
score (HR = 3.194, 95% CI = 1.101–9.264) were indepen-
dent predictors of MACE in patients after PCI (P < 0.05, 
Fig. 3C).

Discussion
As a disease of coronary atherosclerotic plaque tissue 
after invasion and abnormal rupture, ACS can lead to 
incomplete and complete occlusion thrombosis, resulting 
in cardiac physiological function damage and necrosis of 
cardiomyocytes, which has a serious negative impact on 
the life safety of the patients [17]. Therefore, it is of great 
value to explore new indicators related to ACS. In recent 
years, the role of miRNAs in cardiovascular diseases has 
gradually attracted attention. The study of the expression 
and regulatory mechanisms associated with miRNAs in 
different disease states has crucial significance for the 
diagnosis and therapy of cardiovascular disease as well 
as for the assessment of the disease progression [18, 19]. 

Table 2 Comparison of clinical characteristics between the 
MACE and non-MACE groups
Clinical characteristic non-MACE 

group(n = 89)
MACE 
group(n = 27)

P 
value

Sex (male/female) 45/44 18/9 0.141
Age (years) 59.19 ± 9.07 62.63 ± 8.09 0.080
BMI (kg/m2) 24.99 ± 4.75 23.59 ± 3.51 0.159
TC (mmol/L) 4.32 ± 0.58 4.36 ± 0.50 0.755
TG (mmol/L) 1.59 ± 0.40 1.65 ± 0.38 0.522
HDL-C (mmol/L) 1.09 ± 0.25 1.11 ± 0.31 0.742
LDL-C (mmol/L) 2.74 ± 0.61 2.87 ± 0.34 0.270
WBC (× 109/L) 7.43 ± 0.91 7.35 ± 0.97 0.675
Hypertension (no/yes) 40/49 12/15 0.964
Diabetes (no/yes) 47/42 20/7 0.050
NT-proBNP (pg/mL) 144.80 ± 49.94 194.90 ± 45.36 < 0.001
CK-MB (ng/mL) 13.22 ± 3.10 16.74 ± 2.91 < 0.001
cTnI (ng/mL) 1.61 ± 0.39 2.37 ± 0.43 < 0.001
Gensini score 47.97 ± 11.62 66.71 ± 15.39 < 0.001
Abbreviations BMI, body mass index; TC, total cholesterol; TG, triglyceride; 
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein 
cholesterol; WBC, white blood cell; NT-proBNP, N-terminal pro-B-type 
natriuretic peptide; CK-MB, creatine kinase-MB; cTnI, cardiac troponin I

Fig. 3 Prognostic prediction of miR-223-5p in ACS. (A) Expression of miR-223-5p in non-MACE group and MACE group. (B) Prognosis of patients with 
different miR-223-5p levels. (C) Independent risk factors for MACE in ACS patients within 6 months. ****P < 0.0001
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Some studies confirmed that miRNAs are related to the 
onset and development of ACS. miR-9 has been shown to 
inhibit atherosclerosis associated with ACS by negatively 
regulating SDC2 in a mouse model of atherosclerosis 
and is considered a potential therapeutic target for ACS 
patients with atherosclerosis [20]. Currently, miRNAs 
are increasingly recognized as important evaluators of 
ACS severity and coronary artery disease. For example, 
miR-143 and miR-145 were markedly decreased in ACS 
patients and were considered promising biomarkers for 
assessing the severity of ACS [21]. Here, miR-223-5p 
expression was increased in ACS patients, which was 
consistent with the findings reported by Elbaz et al. [15]. 
Furthermore, miR-223-5p was positively related to cTnI 
and Gensini score, which were the clinical indicators in 
evaluating the occurrence and severity of ACS. These 
findings indicated that miR-223-5p correlated with myo-
cardial injury and the severity of coronary artery lesions.

With the gradual deepening of research on miRNAs, 
their diagnostic value in cardiovascular and cerebrovas-
cular diseases is gradually being recognized. miR-137 
and miR-106b were identified as biomarkers of myocar-
dial ischemia that could identify patients with coronary 
artery disease in the early stages [22]. Elevated serum 
miR-377 levels were found to possess high diagnostic 
value in patients with ACS and to modulate myocardial 
injury (e.g., inflammatory response and endothelial dam-
age) [23]. In previous studies, miR-223-5p was reported 
to serve as a biomarker of Parkinson’s disease, prostate 
cancer, and non-small cell lung cancer [24–26]. Herein, 
miR-223-5p was appraised as a risk factor for ACS and 
showed favorable efficacy in the diagnosis of ACS, iden-
tifying ACS patients with high sensitivity and specificity 
from healthy populations. Previously, miR-223-5p was 
also detected to be upregulated in the heart of myocardial 
ischemia/reperfusion (I/R) mice and regulate necrotic 
apoptosis of the heart, which may provide new therapeu-
tic opportunities for I/R [27]. Therefore, miR-223-5p may 
be a critical factor in the development of ACS.

PCI is the major treatment for patients with ACS, 
which can quickly open the occluded blood vessels in a 
short period, promptly restore blood reperfusion to the 
myocardium in the ischemic region, and save the lives 
of patients [28]. Although the use of PCI can improve 
the clinical symptoms of ACS, and enhance the sur-
vival rate and life quality of patients, the occurrence 
of in-stent thrombosis and post-procedure MACE has 
negative impacts on the prognosis of patients [29]. It 
has been reported that some miRNAs were predictors 
of MACE after PCI, such as miR-483-5p, miR-186-5p, 
and miR-497-5p [30–32]. Another study also noted that 
miR-223-5p could be an important prognostic factor for 
vulvar cancer [33]. Thus, the prognostic value of miR-
223-5p in ACS was explored by analyzing clinical data. 

In the present study, miR-223-5p was upregulated in ACS 
patients who develop MACE, and higher expression of 
miR-223-5p represented a greater possibility of MACE 
development. In addition, miR-223-5p, along with cTnI 
and Gensini score, was ascertained as an independent 
predictor of MACE in ACS patients within 6 months fol-
lowing PCI. The above illustrated that miR-223-5p is a 
promising biomarker for ACS to predict MACE after PCI 
treatment, which may be helpful in developing a treat-
ment plan for patients.

Although the clinical significance of miR-223-5p in 
ACS was unveiled in this paper, the research is still lim-
ited by the sample size, sample source, and follow-up 
time. Moreover, future studies should further explore 
the specific biological functions and mechanisms of miR-
223-5p in ACS.

In conclusion, upregulated miR-223-5p was strongly 
associated with the severity of ACS and showed high 
value in the diagnosis and prognosis prediction of ACS, 
indicating that miR-223-5p is promising as a new bio-
marker for ACS.
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