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Abstract
Background Diagnosis and prognostic evaluation of acute myocardial infarction (AMI) are crucial for patients.

Objective The clinical significance of serum miR-199a-5p combined with echocardiography in AMI was investigated
to provide some reference for clinical treatment.

Methods The study subjects were 90 AMI patients and 50 acute chest pain patients (control). All patients were
examined by echocardiography and recorded LVEDV, LVESV, and LVEF. RT-gPCR was performed to detect the
serum miR-199a-5p level. Pearson analysis was used to analyze the correlation of miR-199a-5p with LVEF and cTnl.
The diagnostic value of miR-199a-5p combined with LVEDV, LVESV, and LVEF was assessed by the ROC curve. The
occurrence of major adverse cardiovascular events (MACE) was recorded to analyze the prognostic value of miR-
199a-5p by the Kaplan-Meier curve and Cox regression.

Results Serum miR-199a-5p was elevated in AMI, positively correlated with cTnl and negatively correlated with
LVEF. The combination of miR-199a-5p with LVEDV, LVESV, and LVEF enhanced the sensitivity and specificity for the
diagnosis of AMI. Patients with high miR-199a-5p expression were more likely to develop MACE. The combination of
miR-199a-5p with LVEF improved the prediction of MACE.

Conclusions The combination of miR-199a-5p with echocardiography improved the diagnostic efficiency of AMI
and provided prognostic information.
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Introduction

Acute myocardial infarction (AMI) is induced by insuffi-
cient blood and oxygen supply to the myocardium due to
severe stenosis or occlusion of coronary arteries, result-
ing in necrosis of myocardial cells [1, 2]. AMI is charac-
terized by a rapid onset and progression of the disease, as
well as a high mortality rate [3]. Therefore, early diagnosis
and treatment of AMI are essential to improve the prog-
nosis and reduce the mortality of patients. Myocardial
infarction is diagnosed and evaluated by clinical symp-
toms, dynamic changes of electrocardiogram, and mark-
ers of myocardial necrosis [4, 5]. Although troponin has
high sensitivity in diagnosing AM], it is also elevated in
certain conditions such as renal failure, severe infections,
and heart failure, thus resulting in a less specific diagno-
sis. Furthermore, recurrent infarction in patients who
have recently experienced a myocardial infarction cannot
be diagnosed by troponin [6, 7]. For the early diagnosis of
AMLI, the search for new biomarkers that are more sensi-
tive and specific would be of great interest.

Echocardiography is a noninvasive imaging test, which
can be used as a differential diagnostic method for early
cardiac diseases, such as the evaluation of ventricular
function and the degree of myocardial wall damage in
ischemic areas [8]. Echocardiography is able to detect
ventricular wall activity, especially to determine the local
ventricular wall motion abnormality under load condi-
tions, which can indirectly estimate myocardial ischemia,
but this technique has a certain degree of timeliness,
lower accuracy and sensitivity. Parameters obtained by
echocardiography can visualize the state of cardiac func-
tion and further provide a reference for the prognosis of
AMI [9, 10]. However, echocardiography may not easily
detect coronary artery obstruction early in AMI patients,
so a combination of other tests is necessary to diagnose
AMI and assess the patient’s condition.

Studies have suggested that microRNAs (miRNAs) are
promising biomarkers for the diagnosis of AMI and have
important clinical implications [11]. For example, abnor-
mal expression of plasma miR-122-5p and miR-22-5p
was found to better differentiate AMI patients from
healthy controls [12]. In addition, previous studies have
shown that miR-186-5p was associated with the prog-
nosis of AMI patients and predicted the risk of develop-
ing major adverse cardiovascular events (MACE) [13].
Recent findings have revealed new insights into the role
of miR-199a-5p in the pathogenesis of cardiovascular
diseases. miR-199a-5p has been shown to play a pivotal
role in the development of atherosclerosis and primary
hypertension [14, 15]. Additionally, miR-199a-5p has
been identified as a key regulator of myocardial ischemia/
reperfusion (I/R) induced myocardial injury [16]. There-
fore, it is hypothesized that miR-199a-5p has potential
clinical significance in AML
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In light of the above, the present study sought to
observe the changes in echocardiographic indexes and
serum miR-199a-5p levels in AMI patients, and to
explore their value in the diagnosis and prognosis of AMI
patients by analyzing a series of clinical data. The objec-
tive was to provide new ideas for the treatment of AMI.

Materials and methods
Study subjects
The AMI group included 90 patients with AMI who were
treated at Wenzhou People’s Hospital between October
2022 to October 2023. Inclusion criteria: (1) the rele-
vant diagnosis meets the criteria in the Clinical Practice
Guideline of Integrative Chinese and Western Medicine
for Acute Myocardial Infarction [17]; (2) all of them
received echocardiography and coronary arteriography
(CAG) examination in our hospital; (3) there is no previ-
ous history of AMI. Exclusion criteria: (1) patients with
tuberculosis and other pathogenic infections; (2) patients
with malignant tumors and other serious diseases; (3)
patients with congenital heart disease. The control group
consisted of 50 patients who were admitted to the hos-
pital for non-cardiogenic chest pain during the same
period. The diagnosis of AMI was excluded based on the
patient’s presenting symptoms, medical history, labo-
ratory test results, and imaging findings. All patients in
the control group also received echocardiography and
laboratory index tests, etc. The study was approved by
the Ethics Committee of Wenzhou People’s Hospital and
informed consent was also obtained from the patients
and their families.

Basic information such as sex, age, BMI, history of
smoking, and history of diabetes or hypertension were
recorded for the study population.

Echocardiography

Echocardiography was performed using a Vivid E95 color
Doppler ultrasound instrument (General Electric Com-
pany, USA), with a probe (frequency of 2—4 MHz). The
patient was placed in the lying position, and the chest
and heart position were scanned, and the coordination
of ventricular wall movement, amplitude of movement,
and intensity of echo were targeted for observation and
recording of the apical four-chamber and two-chamber
views of the parasternal left ventricle in the parasternal
left ventricular long- and short-axis views. The assess-
ment of ventricular wall motion abnormalities was con-
ducted through a qualitative analysis of ventricular wall
motion in each segment. (1) normal or enhanced motion:
endocardial motion of 25 mm and >50% ventricular wall
thickening; (2) diminished motion: endocardial motion of
2 to 4 mm and <50% ventricular wall thickening; (3) the
disappearance of motion, which may manifest as the dis-
appearance of ventricular wall thickening or as negligible
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ventricular wall thickening, with endocardial motion
measuring less than 2 mm; and (4) reverse motion, which
presents as thinning or elongation of the myocardium
during systole, with ventricular wall motion directed
outward. The above myocardial motion was scored as
enhanced motion: 0; normal motion: 1; reduced motion:
2; absent motion: 3; and reversed motion: 4. After averag-
ing the scores of all segments, the LV wall motion score
index (WMSI) was calculated, with WMSI=1 as nor-
mal, > 1 as abnormal, and >2 as significantly abnormal.
Moreover, these evaluations were performed blinded at
the miR-199a-5p level. The left ventricular end-diastolic
volume (LVEDYV), left ventricular end-systolic volume
(LVESV), and left ventricular ejection fraction (LVEF)
were measured and calculated using the Simpson’s
biplane method.

Follow-up

Patients with AMI were followed up for 6 months to
document the occurrence of MACE, which included
heart failure, malignant arrhythmia, recurrent AMI, and
all-cause death. The diagnostic criteria for heart failure
and malignant arrhythmia were referred to Chinese heart
failure diagnosis and treatment guidelines 2018 [18] and
Chinese expert consensus on ventricular arrhythmia [19],
respectively. These events were confirmed by two experi-
enced clinicians based on a comprehensive assessment of
the patient’s clinical presentation, laboratory test results,
and imaging findings. Patients with AMI who developed
MACE were categorized in the MACE group, otherwise,
they were classified in the non-MACE group.

Table 1 Baseline features of the study subjects

Clinical feature AMI Control P
patients(n=90) (n=50) value

Age (years) 60.64+8.77 59.68+8.68 0.532
Sex (male/female) 50/40 27/23 0.859
BMI (kg/m?) 24.95+458 2430+4.25 0410
Smoking (no/yes) 51/39 28/22 0.939
Hypertension (no/yes)  38/52 27/23 0.181
Diabetes (no/yes) 50/40 31/19 0459
TC (mmol/L) 4.77+0.98 4.57+092 0.234
TG (mmol/L) 1.75+045 1.66+0.33 0.174
HDL-C (mmol/L) 1.16+0.26 1.20+0.29 0.362
LDL-C (mmol/L) 2.79+0.56 262+0.51 0.085
CK-MB (ng/mL) 14.13+4.06 2.86+0.80 <0.001
cnl (ug/b) 1.82+0.63 0.08+0.04 <0.001
NT-proBNP (ng/L) 15333235142 99.26+33.43 <0.001

Abbreviations AMI, acute myocardial infarction; BMI, body mass index; TC, total
cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; CK-MB, creatine kinase-myocardial bland;
cTnl, cardiac troponin |; NT-proBNP, N-terminal pro-B-type natriuretic peptide
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Detection of serum miR-199a-5p

Blood collection was performed at the time of admission.
The serum was obtained by centrifuging 2 mL of venous
blood at 3500 rpm for 10 min. RNA was extracted with
RNAiso for Small RNA (TaKaRa, Japan) and then reverse
transcribed using PrimeScrip RT Master Mix (TaKaRa).
The concentration and purity of RNA was assessed using
a NanoDrop microspectrophotometer (Thermo Sci-
entific, USA) with OD260/0OD280 ranging from 1.8 to
2.0. cDNA was used as the template to prepare the sys-
tem according to TB Green Fast qPCR Mix (TaKaRa)
instructions and RT-qPCR was performed on CFX96
RT-qPCR system (Bio-Rad, USA). The relative levels of
miR-199a-5p were calculated by the 22T method using
cel-miR-39 as a reference. The primers were as follows:
miR-199a-5p, forward-5-GCCAAGCCCAGTGTTCA
GAC-3; reverse-5-GTGCAGGGTCCGAGGTATTC-3’;
cel-miR-39,  forward-5-GGCGTCACCGGGTAAA-3;
reverse-5’-AGTGCAGGGTCCGAGGTATT-3. The reac-
tion was conducted at 95 °C for 30 s, followed by 95 °C
for 5 s and 60 °C for 10 s (40 cycles).

Statistical methods

Statistical analyses were carried out using SPSS 22.0.
Measurements were expressed as mean+SD, and com-
parisons between groups were made using the t-test.
Count data were expressed as cases (n), and comparisons
between groups were made using the chi-square test.
The correlation of serum miR-199a-5p with LVEF and
cTnl was determined by Spearman’s method. The value
of miR-199a-5p combined with echocardiography in the
diagnosis and prognosis of AMI was evaluated by ROC
curves, and the prognostic value was further analyzed by
Kaplan-Meier curve and Cox regression analysis. Differ-
ences were significant at P<0.05.

Results

Serum miR-199a-5p levels correlated with LVEF and cTnl
levels

The differences in CK-MB, cTnl, and NT-proBNP
between AMI patients and controls were statistically
significant (P<0.001), while other clinical characteris-
tics were not significantly different (P>0.05, Table 1).
miR-199a-5p was markedly upregulated in AMI patients
compared to controls (Fig. 1A). The values of echocar-
diography parameters LVEDV and LVESV were higher in
AMI patients than in the control population, whereas the
LVEF values were lower than in the control population
(P<0.001, Table 2). Moreover, miR-199a-5p expression
in AMI patients was positively correlated with c¢Tnl lev-
els (r=0.607, P<0.001, Fig. 1B) and negatively correlated
with LVEF (r=-0.535, P<0.001, Fig. 1C).
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Fig. 1 Association of serum miR-199a-5p with AMI. A. miR-199a-5p expression in AMI patients (n=90) and control population (n=50). B-C. Correlation
analysis of miR-199a-5p with cTnl (B) and LVEF (C)

Table 2 Echocardiography parameters of the study subjects

Parameter AMI patients(n=90) Control (n=50) Pvalue
LVEDV (mL) 122.36+22.60 96.12+11.59 <0.001
LVESV (mL) 53.04£5.62 47.02+7.08 <0.001
LVEF (%) 52004553 61.12+5.27 <0.001

Abbreviations AMI, acute myocardial infarction; LVEDV, left ventricular end-
diastolic volume; LVESV, left ventricular end-systolic volume; LVEF, left

ventricular ejection fraction

>

Serum miR-199a-5p combined with echocardiography had
a high value in the diagnosis of AMI

The ROC curve showed that serum miR-199a-5p could
identify AMI patients from chest pain patients with an
area under the curve (AUC) of 0.902 (P<0.001, Fig. 2A).
The AUC values for LVEDV, LVESV, and LVEF to diag-

nose AMI were 0.866, 0.758, and 0.874, respectively
(P<0.001, Fig. 2B-D). Further analysis revealed that miR-
199a-5p combined with LVEDYV, LVESV, and LVEF had a
higher efficacy in diagnosing AMI, with an AUC value of
0.991, and the sensitivity and specificity were 96.67% and
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Fig. 2 Diagnostic significance of serum miR-199a-5p in combination with echocardiography. A-E. Value of miR-199a-5p (A), LVEDV (B), LVESV (C), LVEF
(D), and four-factors combination (E) in the diagnosis of AMI
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Table 3 Clinical features of the MACE and non-MACE groups

Clinical feature MACE group Non-MACE P
(n=25) group (n=65)  value
Age (years) 62.40+8.50 59.97+8384 0.241
Sex (male/female) 16/9 34/31 0317
BMI (kg/m?) 24.57+3.57 25.10+4.94 0410
Smoking (no/yes) 12/13 39/26 0.303
Hypertension (no/yes) 10/15 28/37 0.791
Diabetes (no/yes) 11/14 39/26 0.171
TC (mmol/L) 5.02+0.98 467+097 0.132
TG (mmol/L) 178047 1.73+£044 0.691
HDL-C (mmol/L) 1.09+0.26 1.18+0.25 0.116
LDL-C (mmol/L) 292+0.37 2.74+061 0.098
CK-MB (ng/mL) 16.02+4.31 1340+3.75 0.005
cnl (ug/b) 2.07+046 1.73+0.66 0.007
NT-proBNP (ng/L) 1729.00+£319.44 1458.06+335.80 0.001
Killip grade (I-lI/11-1V) 11/14 45/20 0.027

Abbreviations MACE, major adverse cardiovascular events; BMI, body mass
index; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; CK-MB, creatine kinase-
myocardial bland; cTnl, cardiac troponin I; NT-proBNP, N-terminal pro-B-type
natriuretic peptide

Table 4 Echocardiography parameters of the MACE and non-

MACE groups

Parameter MACE (n=25) Non-MACE (n=65) P value
LVEDV (mL) 1255241859 121.14+21.34 0.369
LVESV (mL) 54.80+587 52374541 0.066
LVEF (%) 49.28+439 53.05+5.60 0.003

Abbreviations MACE, major adverse cardiovascular events; LVEDV, left
ventricular end-diastolic volume; LVESV, left ventricular end-systolic volume;
LVEF, left ventricular ejection fraction

92.00%, respectively (P<0.001, Fig. 2E). The optimal cut-
off value for miR-199a-5p was 1.310.

Serum miR-199a-5p combined with echocardiography
could predict the occurrence of MACE

MACE occurred in 25 patients within 6 months of AMI,
including 12 cases of heart failure, 6 cases of malignant

>
w
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arrhythmia, 4 cases of recurrent AMI, and 3 cases of car-
diac death. Patients were categorized into MACE (n=25)
and non-MACE (n=65) groups according to whether
MACE occurred or not. Patients in the MACE group
had remarkably higher levels of CK-MB, c¢Tnl, and NT-
proBNP than those in the non-MACE group, and Kil-
lip grade also showed a significant difference (P<0.05,
Table 3). LVEF was markedly lower in the MACE group
than in the non-MACE group (Table 4), while serum
miR-199a-5p levels were significantly higher (Fig. 3A).
Serum miR-199a-5p was associated with the incidence of
MACE, and patients with higher miR-199a-5p levels had
lower MACE-free survival (Log-rank, P=0.043, Fig. 3B).
miR-199a-5p, (HR=2.954, P=0.028), LVEF (HR=0.327,
P=0.040), cTnl (HR=3.191, P=0.038), and Killip grade
(HR=2.555, P=0.038) were independent predictors of
MACE (Fig. 3C).

In addition, the AUC values for miR-199a-5p and LVEF
predicted MACE were 0.685 and 0.696, respectively
(P<0.01, Fig. 4A and B). More importantly, miR-199a-5p
combined with LVEF predicted MACE with an AUC
value of 0.753, and the sensitivity and specificity were
84.00% and 55.38%, respectively (P<0.001, Fig. 4C). The
optimal cutoff value for miR-199a-5p was 1.975.

Discussion

The clinical manifestations of AMI are chest pain,
arrhythmia, acute circulatory dysfunction, and elevated
serum levels of markers of cardiac injury. However, the
clinical manifestations of AMI are complex and variable,
some patients do not have typical chest pain symptoms,
and early changes are weaker in patients with smaller
infarction areas [20, 21]. More and more studies are
exploring new ways to diagnose and assess AMI [22, 23].
miRNAs are useful biomarkers of early pathological and
physiological changes in diseases, exhibiting excellent
stability and resistance to degradation by RNA enzymes.
Previous studies have indicated that miRNAs are closely

C
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Fig. 3 The relationship between miR-199a-5p and the occurrence of MACE within 6 months. (A) miR-199a-5p expression in patients with MACE (n=25)
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of MACE in patients
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Fig. 4 Prediction of MACE occurrence by serum miR-199a-5p combined with LVEF. A-C. Value of miR-199a-5p (A), LVEF (B), and the combination of them

(C) for predicting MACE occurrence in patients

associated with cardiac diseases and have the potential to
serve as indicators of ventricular remodeling [24, 25]. The
current study focused on the diagnostic and prognostic
value of serum miR-199a-5p combined with echocar-
diography in AML

In this study, serum miR-199a-5p level in AMI patients
was markedly increased, which coincided with previous
research [26]. This study also found that LVEDV and LVESV
were markedly higher in AMI patients, while LVEF was sig-
nificantly lower. This suggests that AMI patients have sig-
nificant abnormalities in the relevant kinetic parameters of
myocardial infarcted tissues due to the segmental motion
of the ventricular wall in the infarcted area being disturbed,
weakened, or even ceased [27]. Additionally, a significant
correlation was found between miR-199a-5p with cTnl and
LVEE, indicating that miR-199a-5p is closely associated with
myocardial injury as well as altered cardiac function in AMI
patients. miR-199a-5p was also reported to be upregulated
in the AMI rat model and increased with the progression
of heart failure [28, 29]. Therefore, the detection of miR-
199a-5p has great potential to assess the extent of myocar-
dial infarction in patients.

Some miRNAs are considered potential biomarkers for
AMI and may be useful for early diagnosis of AMI [30].
For example, it was found that the combination of miR-
145-3p, miR-126-5p, and miR-17-5p was able to provide
a more accurate diagnosis of AMI [31]. Another research
also found that the combined use of plasma miR-203 and
miR-4516 may potentially serve as a diagnostic and severity
assessment tool for AMI [32]. This study demonstrated the
high value of miR-199a-5p in differentiating AMI patients
from the control population. Moreover, the combined use
of serum miR-199a-5p, LVEDV, LVESV, and LVEF was
more effective than the use of individual indicators in the
diagnosis of AMI. This suggests that the combination of
miR-199a-5p and echocardiographic parameters could
somewhat compensate for the inadequacy of a single index.

LVEF is an important echocardiographic parameter
that reflects reduced systolic function due to persistent

myocardial ischemia or injury. LVEF was demonstrated
to be a significant predictor of short-term outcomes
in patients with AMI [33, 34]. Here, further analysis
revealed that miR-199a-5p in combination with LVEF
improved the predictive value of developing MACE in
AMI patients. Previously, Asensio-Lopez et al. found that
pathological cardiac hypertrophy and fibrosis could be
attenuated by inhibiting miR-199a-5p expression in mice
with myocardial infarction [28]. Moreover, Liu et al. dem-
onstrated that plasma miR-199a-5p levels were elevated
in AMI patients and that upregulation of miR-199a-5p in
vitro resulted in I/R injury in cardiomyocytes [26]. These
findings support the results of the clinical analyses in our
study. The current study also showed that AMI patients
with higher levels of miR-199a-5p had reduced MACE-
free survival. In addition, miR-199a-5p and LVEF showed
significant prognostic potential. Therefore, miR-199a-5p
combined with echocardiography could be used as a
prognostic reference for AMI patients, which may help to
adopt a more effective and targeted therapeutic regimen
in clinical management.

However, the single and small source of clinical data
leads to the need for further validation of the results. Fur-
thermore, the molecular mechanisms of miR-199a-5p in
the pathological process of AMI require further inves-
tigation. In particular, subsequent studies will focus on
the role of miR-199a-5p-regulated target genes in the
progression of AMI and delve into the regulatory mech-
anisms involved in miR-199a-5p. In summary, serum
miR-199a-5p levels were increased in AMI patients, and
miR-199a-5p combined with echocardiography param-
eters had a better prospect for differential diagnosis of
AMI and prediction of MACE.
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