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Background: To analyze the expression levels of plasma dimethylglycine (DMG), human maternally 
expressed gene 3 (MEG3), and Apelin-12 in patients with acute myocardial infarction (AMI) and explore 
their clinical significance. 
Methods: One hundred and ten patients with suspected AMI (chest pain duration <6 h) who were admitted 
to our hospital between December 2018 and June 2020 were included. Plasma DMG, MEG3, and Apelin-12 
levels were measured at the time of admission. The levels of plasma DMG, MEG3, and Apelin-12, as well as 
the general data and admission baseline data of these patients were then compared with those of non-AMI 
patients. The receiver operating characteristic (ROC) curve was used to analyze the clinical value of plasma 
DMG, MEG3, and Apelin-12 levels for the early diagnosis of AMI. 
Results: Among the 110 patients with chest pain suspected of AMI, 34 were clinically diagnosed with AMI, 
and 76 were non-AMI patients. The proportion of males, smoking, history of myocardial infarction, and 
congestive heart failure in the AMI group were higher than those of the non-AMI group. The proportions 
of systolic blood pressure (SBP), ST-segment elevation, and electrocardiogram (ECG) dynamic changes 
on admission were also higher in the AMI group compared to those of the non-AMI group (P<0.05). The 
plasma DMG, MEG3, and Apelin-12 levels of patients in the AMI group on admission were higher than 
those of the non-AMI group (P<0.05); all have diagnostic value for AMI upon admission. The area under 
the curve (AUC) of MEG3 was higher than that of both DMG and Apelin-12, however the difference was 
not statistically significant (Z=1.378, 0.934, P=0.168, 0.350). Using 0.015 as the cut-off value for MEG3-
messenger ribonucleic acid (mRNA), the sensitivity and specificity for diagnosing AMI were 85.29% and 
81.58%, respectively. 
Conclusions: Our results showed that the plasma levels of DMG, MEG3, and Apelin-12 in patients with 
AMI were high, and thus, they can be used as biomarkers for the early diagnosis of AMI. Among them, 
MEG3 was the most effective in early diagnosing AMI.
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Introduction

Acute myocardial infarction (AMI) has a sudden onset, with 
severe and long-lasting posterior sternal pain as the main 
clinical symptom. The disease often progresses rapidly and 
has many complications, and the mortality rate is extremely 
high (1). With the increased aging of the population, AMI 
has become one of the main causes of sudden death in 
middle-aged and elderly people, and it has been reported 
that about 8 million people die from AMI every year (2).  
Early diagnosis and identification of AMI in patients 
with chest pain, as well as the rapid restoration of blood 
perfusion to the vessel responsible for the infarct are keys to 
saving the lives of AMI patients and improving prognosis. 
Traditional myocardial injury markers, including cardiac 
troponin I (cTnI) and creatine phosphokinase-isoenzyme-
MB (CK-MB), present limitations for the diagnosis of 
early AMI, such as their low sensitivity and short detection 
window. Furthermore, these biomarkers can also show an 
increasing trend in some cardiac or non-cardiac diseases 
(3,4). Therefore, it is necessary to explore new markers 
for the early diagnosis of AMI with high sensitivity and 
specificity. 

Currently, the role of plasma dimethylglycine (DMG), 
human maternally expressed gene 3 (MEG3), and Apelin-12 
in cardiovascular disease has attracted increasing clinical 
attention (5,6). DMG is independently related to incident 
acute myocardial infarction and enhances risk prediction in 
patients with stable angina pectoris (7). Elevated DMG is 
a risk marker of mortality in patients with coronary heart 
disease (8). Previous research have showed that MEG3 
modulates transient receptor potential cation channel 
subfamily V member 4 (TRPV4) expression to aggravate 
hypoxia-induced injury in rat cardiomyocytes by sponging 
miR-325-3p (9). MEG3 knockdown exerts cardioprotection 
by reducing endoplasmic reticulum stress (ERS)-
mediated apoptosis through targeting p53 post-myocardial  
infarction (10). MEG3 accelerates apoptosis of hypoxic 
myocardial cells via fork head box O1 (FoxO1) signaling 
pathway (11). The structural analogue of Apelin-12  
[MeArg (1), NLe (10)]-A12 may be a promising basis to 
create a new drug for the treatment of acute coronary 
syndrome (12). Patients with ST-segment elevation 
myocardial infarction (STEMI) receiving primary 
percutaneous coronary intervention (pPCI) with lower 
Apelin-12 are more likely to suffer major adverse 
cardiovascular events (MACEs) in hospital and 2.5 years  
postprocedure, particularly in those with normal estimated 

glomerular filtration rate (eGFR) levels (13). Plasma 
Apelin-12 levels predicts in-hospital major adverse 
cardiac events in ST-elevation myocardial infarction and 
the relationship between apelin-12 and the neutrophil/
lymphocyte ratio in patients undergoing primary coronary 
intervention (14). Therefore, this study aimed to analyze the 
expression and clinical significance of the above indicators 
in AMI patients and to provide a reference for the early 
diagnosis of AMI. 

We present the following article in accordance with 
the STARD reporting checklist (available at http://dx.doi.
org/10.21037/apm-21-122).

Methods

General information 

This study was a prospective observational study. One 
hundred and ten patients with chest pain suspected of AMI 
who were admitted to our hospital between December 
2018 and June 2020 were included. The inclusion criteria 
were as follows: (I) patients with a duration of chest pain 
or discomfort ≥5 min; (II) patients aged >18 years old; 
(III) patients with suspected AMI who were planning to 
receive myocardial injury marker testing; and (IV) patients 
or their family members were informed of the research 
content and voluntarily signed the informed consent. 
Patients were excluded based on the following criteria: (I) 
those with a duration of chest pain >3 h; (II) those with 
renal insufficiency; (III) those with high or suspected non-
coronary chest pain; (IV) those with a clear diagnosis of 
AMI in another hospital; (V) those with malignant tumors; 
and (VI) those who had received major surgery or muscle 
injury before enrollment, which may affect the level of 
myogenic long noncoding RNAs (lncRNAs). All patients 
agreed to participate in this study and signed an informed 
consent form. The study was approved by the medical 
ethics committee of the Sanya Central Hospital. The 
study conformed to the provisions of the Declaration of 
Helsinki (as revised in 2013). According to the inclusion 
and exclusion criteria, 110 patients were finally included, 
aged between 46 and 77 years old, with an average of 
60.22±11.34 years old. There were 48 males and 62 
females, with an average body mass index (BMI) of 23.27± 
3.45 kg/m2. Eighteen patients had a history of smoking, 
67 cases had hypertension, 24 cases had diabetes, and  
41 cases had hyperlipidemia. Among all 110 patients, 
45 cases had previous coronary heart disease, 17 cases 
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had suffered a myocardial infarction, 21 cases had 
revascularization, 12 cases had suffered a stroke, 10 cases 
had peripheral artery disease, 22 cases had arrhythmia, and 
seven cases had congestive heart failure. The average onset 
of chest pain in all of the patients was 3.09 (1.77, 5.02) h.

Study method 

Basic inspection
The medical history, physical condition, electrocardiogram 
(ECG), as well as the central laboratory myocardial injury 
markers and other laboratory tests were routinely collected 
for all enrolled patients.

Main instruments and kits
L i g h t  C y c l e r 4 8 0 I I  F l u o r e s c e n c e  Q u a n t i t a t i v e 
PCR Instrument  (Roche ,  Switzer land) ,  Thermo 
Fisher high-performance l iquid chromatography 
(HPLC) (Thermo Fisher,  USA),  and ultra-high-
performance liquid chromatography (UHPLC) systems 
(Thermo Fisher)  were  used.  Apel in-12 enzyme-
linked immunosorbent assay (ELISA) Kit was purchased 
from Geidan Biotechnology Co., Ltd. (Beijing). The Trizol 
kit, miRcute enhanced microRNA (miRNA) complementary 
deoxyribonucleic acid (cDNA) first-strand synthesis kit, 
and miRNA fluorescence quantitative detection kit were 
purchased from Beijing Tiangen Biochemical Technology 
Co. Ltd. (Beijing). The primers were purchased from 
Biotech (Shanghai) Co. Ltd., including MEG3: Upstream 
primer: 5'-AGAAGGCGAAGAACTGGAATAGAG-3', 
5 ' - A G T TA A A A C A A G A A A C AT T TAT T G A A A 
GCAC-3'; U6: Upstream primer: 5'-GCTTCGGC
AGCACATATACTAAAAT-3', Downstream primer: 
5'-CGCTTCACGAATTTGCGTGTCAT-3'.

Blood sample collection and determination of DMG, 
MEG3, Apelin-12 levels
Blood sample collection
Upon admission to the hospital, 6 mL of venous blood 
was collected from the patients, and was divided into two 
tubes. One tube was routinely centrifuged to separate the 
serum and the supernatant was collected and stored in 
a refrigerator at −80 ℃ for testing, while the other tube 
was stored at 4 ℃ for 30 minutes for the measurement  
of MEG3. 
Determination of DMG, MEG3, and Apelin-12 levels
HPLC was used to measure plasma DMG levels, and 
ELISA was used to determine Apelin-12 levels. Another 

blood sample, which was refrigerated at 4 ℃ for 30 minutes, 
was centrifuged at 3,000 rpm at room temperature for  
15 minutes. The upper layer of plasma was then collected 
and soaked in 1% diethyl pyrocarbonate (DEPC) water 
overnight, and then sterilized and dried for subsequent 
use. The plasma was melted on ice, and 250 μL of the 
plasma sample was then taken and 750 μL Trizol was 
added. Next, the samples were mixed and allowed to 
stand for 5 min. Following this, 200 μL of chloroform was 
added and the samples were mixed again and allowed to 
stand for another 10 min. Subsequently, the samples were 
centrifuged at 12,000 rpm for 10 min at room temperature 
and the supernatant was obtained. The supernatant was 
then transferred to a RNase-free Eppendorf (EP) tube, 
and an equal volume of isopropanol was added to mix 
with the supernatant. After mixing, the samples were 
centrifuged, and 1 mL of 75% ethanol was added before 
centrifuging and drying the samples. The extracted RNA 
(using the above method) was then dissolved and the total 
RNA concentration and purity were measured with a 
spectrophotometer (Thermo Fisher Scientific, USA). The 
reagent kit in the RNase-free reaction tube was allowed 
to stand for 5 minutes in a 68 ℃ water bath. The reaction 
solution was then taken out and after short centrifugation, it 
was mixed well, and cDNA was synthesized in a 37 ℃ water 
bath for 60 minutes. 2× qPCR SuperMix, upstream primers, 
and downstream primers were melted in the refrigerator, 
and an appropriate amount of each was taken out to 
produce the reaction system (10 μL of 2× qPCR SuperMix; 
0.5 μL of each of the upstream and downstream primers; 
0.5 μL of each of the upstream and downstream primers of 
the internal control U6; 1 μLof the cDNA template; 8 μL 
of doble distilled water (dd H2O)], and centrifuged briefly 
to mix it. The reaction was set according to the following 
conditions: 1 min at 95 ℃, 45 cycles of 20 s at 95 ℃, 31 s 
at 61 ℃ and 30 s at 72 ℃. The level of lncRNA was then 
measured, and the relative expression of MEG3 mRNA was 
expressed as 2−△△Ct.

Diagnostic criteria

All of the clinical data obtained from the patients’ first 
admission to 90 days of follow-up were collected. Two 
clinicians then used the double-blind method to read the film 
and provide the final diagnosis. The diagnosis was AMI, 
unstable angina (UA), non-coronary cardiogenic chest pain 
(myocarditis, tachycardia, etc.), non-cardiac chest pain (not 
involving coronary aortic dissection, pulmonary embolism, 
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etc.), or unexplained chest pain. The consensus diagnosis 
opinion was then taken as the final diagnosis, and in cases of 
disagreement, the final judgment was made by the superior 
physician. The diagnostic criteria of the third edition of the 
Global Unified Definition Guide for Myocardial Infarction 
in 2012 was used to diagnose AMI (15). Laboratory tests 
were used to verify that the myocardial injury markers were 
either gradually increasing or decreasing, thereby providing 
clear evidence of acute myocardial ischemia.

Statistical analysis

SPSS 21.0 software (SPSS Inc., Chicago, IL, USA) was used 
for statistical analysis. Measurement data conforming to a 
normal distribution was described by (x±s) and an independent 
sample t-test was used. Meanwhile, for the data that did not 
conform to the normal distribution, M (P25, P75) description 
and Wilcox rank-sum test was used. Case (%) description 
was used for count data, and chi-square test or Fisher’s exact 
probability test were used. For diagnostic performance 

measurement, the receiver operating characteristic (ROC) 
curve was used, and the area under the curve (AUC) was used 
to reflect the diagnostic performance. P<0.05 was considered 
to represent a statistically significant difference.

Results

Comparison of the two groups in terms of their general 
information

Among the 110 patients with chest pain suspected of AMI, 
34 were clinically diagnosed with AMI (15 cases of ST-
segment elevation myocardial infarction), and there were 76 
non-AMI patients (27 cases of UA, 10 cases of non-coronary 
chest pain, eight cases of non-cardiogenic chest pain, and 
31 cases of unexplained chest pain). The proportion of 
men, smoking, history of myocardial infarction, and history 
of congestive heart failure was higher in the AMI group 
compared to the non-AMI group, and the difference was 
statistically significant (P<0.05, Table 1).

Table 1 Comparison of general data between the two groups [x±s, case (%)]

Clinical information AMI group (n=34) Non-AMI group (n=76) t/χ
2
/Z P value

Age (year) 59.87±11.68 60.01±11.27 0.059 0.952

Male (case, %) 22 (64.71) 26 (34.21) 8.882 0.002

BMI (kg/m
2
) 23.37±2.65 23.14±3.48 0.343 0.732

Smoking (case, %) 10 (29.41) 8 (10.53) 6.121 0.013

Basic illness (case, %)

Hypertension 21 (61.76) 46 (60.53) 0.610 0.434

Diabetes 8 (23.53) 16 (21.05) 0.006 0.938

Hyperlipidemia 11 (32.35) 30 (39.47) 0.509 0.475

Past medical history (case, %)

Coronary heart disease 18 (52.94) 27 (35.53) 2.947 0.086

Myocardial infarction 9 (26.47) 8 (10.53) 4.570 0.032

Revascularization 8 (23.53) 13 (17.11) 0.627 0.428

Stroke 4 (11.76) 8 (10.53) 0.889
a

Peripheral artery disease 4 (11.76) 6 (7.89) 0.514
a

Arrhythmia 5 (14.71) 17 (22.37) 0.862 0.353

Congestive heart failure 5 (14.71) 2 (2.63) 0.045
a

The onset of chest pain (h) 3.00 (1.87, 5.69) 3.12 (1.47, 4.22) 41.042 0.879
a
, Fisher’s exact probability method test. AMI, acute myocardial infarction; BMI, body mass index.
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Comparison of routine examination results between the 
two groups at admission

The proportion of systolic blood pressure, ECG ST-
segment elevation, and ECG dynamic change at admission 
in the AMI group was higher than that of the non-AMI 
group, and the difference was statistically significant (P<0.05, 
Table 2).

Comparison of plasma DMG, MEG3, and Apelin-12 levels 
between the two groups at admission

The levels of plasma DMG, MEG3, and Apelin-12 of 
patients in the AMI group were higher than those in the 
non-AMI group upon admission, and the difference was 
statistically significant (P<0.05, Table 3).

The diagnostic value of plasma DMG, MEG3, and 
Apelin-12 levels at admission in the two groups for the 
diagnosis of AMI

Plasma DMG, MEG3, and Apelin-12 showed diagnostic 
value for AMI diagnosis at admission. The AUC of MEG3 
was higher than that of DMG and Apelin-12, however 
the difference was not statistically significant (Z=1.378, 
0.934, P=0.168, 0.350). Using 0.015 as the cut-off value for 
MEG3-mRNA, the sensitivity and specificity for diagnosing 
AMI were 85.29% and 81.58%, respectively (Table 4,  
Figure 1).

Discussion

AMI is a serious type of coronary heart disease. The 

Table 3 Comparison of plasma levels of DMG, MEG3, and Apelin-12 on admission between the two groups (x±s)

Index AMI group (n=34) Non-AMI group (n=76) Statistics P value

DMG (μmol/L) 4.27±1.17 3.04±1.58 4.063 0.000

MEG3 mRNA 0.019±0.004 0.010±0.005 9.247 0.000

Apelin-12 (μg/L) 0.90±0.42 1.58±0.63 5.741 0.000

DMG, dimethylglycine; MEG3, human maternally expressed gene 3; AMI, acute myocardial infarction.

Table 2 Comparison of the results of routine examinations between the two groups at admission [x±s, case (%)]

Routine inspection AMI group (n=34) Non-AMI group (n=76) t/χ
2

P value

Systolic blood pressure (mmHg) 137.29±29.66 153.44±31.71 2.517 0.013

Diastolic blood pressure (mmHg) 77.81±14.27 80.44±13.95 0.907 0.366

Heart rate (time/min) 84.02±18.35 81.77±15.02 0.676 0.499

ECG (case, %)

ST elevation 15 (44.12) 5 (6.58) 22.251 0.000

ST segment depression 11 (32.35) 23 (30.26) 0.048 0.826

T wave 2 (5.88) 12 (15.79) 0.149
a

Pathological Q wave 2 (5.88) 3 (3.95) 0.771
a

Bundle branch block 1 (2.94) 7 (9.21) 0.439
a

Non-specific ST-segment changes 1 (2.94) 9 (11.84) 0.253
a

Normal ECG 8 (23.53) 11 (14.47) 1.348 0.245

ECG dynamic change 27 (79.41) 13 (17.11) 39.408 0.000
a
, Fisher’s exact probability method test. AMI, acute myocardial infarction; ECG, electrocardiogram.
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main clinical manifestations of AMI are chest pain, acute 
circulatory disturbance, myocardial injury, and myocardial 
ischemic necrosis, accompanied by ECG changes. In recent 
years, although the clinical treatment of coronary heart 
disease has become more standardized, the mortality rates 
for patients with AMI remain at a high level (16). Early 
diagnosis is the key to reducing the mortality rate of AMI. 
Currently, the clinical diagnosis of AMI is primarily based 
on the patient’s clinical symptoms, ECG, myocardial injury 
markers, and other examinations to confirm the diagnosis. 
The combined detection of traditional myocardial injury 
markers, such as CK-MB and cTnI, plays an important 
role in the early diagnosis of AMI. However, although CK-

MB and cTnI can increase to a certain extent 3 h after the 
occurrence of AMI, the increase is only significant around 
7 h after the occurrence of AMI and reaches a peak after 
12 h. Therefore, in the early stage of AMI, the diagnostic 
value of traditional myocardial injury markers, such as 
CK-MB and cTnI, is limited (17,18). In recent years, the 
clinical application value of DMG in cardiovascular diseases 
has attracted clinical attention. Studies have pointed 
out that the plasma DMG level of early AMI patients 
increases, and the direct catabolite sarcosine level of DMG 
is also closely related to restenosis after percutaneous 
coronary intervention (PCI) (19). However, research on 
the diagnostic value of DMG for early AMI is rare. Our 
study showed that DMG levels in the AMI group was 
higher than those in the non-AMI group, suggesting that 
DMG may potentially be used as a biomarker for the early 
diagnosis of AMI. ROC curve analysis also confirmed the 
aforementioned perspective; using 6.833 as the cut-off, the 
sensitivity and specificity for the early diagnosis of AMI 
were 88.24% and 71.05%, respectively.

Furthermore, with the continuous development of 
molecular biology, the role of lncRNA in the occurrence and 
development of human diseases has also attracted clinical 
attention. Previous studies have reported that the expression 
of lncRNA in patients with malignant tumor diseases 
is dysregulated. Related animal experiments have also 
confirmed that lncRNAs Steroid receptor RNA Activator 
(SRA) can serve as a co-activated factor for nuclear 
receptor signaling, and can thus cause dysfunction of 
ventricular muscle contraction when lncRNAs expression 
in zebrafish is down-regulated. Therefore, it is speculated 
that lncRNAs can be used as a potential biomarker for the 
diagnosis of early AMI (20,21). MEG3 is the first long-
chain RNA that has exhibited a tumor suppressor function. 
It is highly expressed in the brain, pituitary and adrenal 
glands, as well as other tissues, and plays an important role 
in the occurrence and development of tumors (22). Our 
study showed that the expression of MEG3 mRNA in the 

Table 4 The diagnostic value of plasma DMG, MEG3, and Apelin-12 levels for AMI in the two groups of patients at admission

Variable AUC 95% CI Z/P Youden index Cut-off Sensitivity Specificity

DMG 0.799 0.712–0.870 6.833/<0.001 0.592 3.661 μmol/L 88.24 71.05

MEG3-mRNA 0.874 0.797–0.930 10.472/<0.001 0.668 0.015 85.29 81.58

Apelin-12 0.826 0.742–0.892 8.509/<0.001 0.592 1.347 μg/L 88.24 71.05

DMG, dimethylglycine; MEG3, human maternally expressed gene 3; AMI, acute myocardial infarction; AUC, area under the curve.

Figure 1 The clinical value of plasma DMG, MEG3, and 
Apelin-12 levels at admission for the diagnosis of AMI. DMG, 
dimethylglycine; MEG3, human maternally expressed gene 3; 
AMI, acute myocardial infarction.
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AMI group was higher than that in the non-AMI group, 
suggesting that MEG3 mRNA is similar to DMG and can 
be used as a serum marker for the early diagnosis of AMI. 
ROC curve analysis showed that when 0.015 was used as 
the MEG3 mRNA cut-off, its sensitivity and specificity for 
diagnosing AMI were 85.29% and 81.58%, respectively, 
which was slightly better than DMG in terms of specificity.

Apelin is a new type of fat cell factor, which is mainly 
secreted by adipose tissue and expressed in endothelial cells. 
It is a specific ligand for angiotensin receptor-like protein J 
receptor (AP) (23). Studies have shown that Apelin can exert 
a variety of biological effects such as heart-strengthening, 
reduction of blood pressure, and reduction of myocardial 
cell membrane damage through phosphorylation of 
endothelial nitric oxide synthase (24). Apelin-12 is a subtype 
of Apelin, which is involved in angiogenesis, oxidative 
stress, glucose and lipid metabolism, as well as other 
processes. It can also increase the responsiveness of non-
myofibrils to calcium ions via the transient calcium influx 
of cardiomyocytes so that the damaged myocardium can 
continue to exert positive muscle strengths. Therefore, 
its downregulation often leads to a decrease in myocardial 
function (25). Studies on the expression levels and clinical 
significance of plasma DMG, MEG3, and Apelin-12 in 
patients with AMI are relatively rare. Our study showed 
that Apelin-12 in the AMI group was higher than that in 
the non-AMI group; when 1.347 μg/L was used as the cut-
off, its sensitivity and specificity for diagnosing AMI were 
88.24%, and 71.05%, respectively. It is therefore consistent 
with the sensitivity and specificity of DMG in the early 
diagnosis of AMI. Based on the results of this study, it can 
be seen that for patients with suspected AMI and a duration 
of chest pain less than 6 h, plasma DMG, MEG3, and 
Apelin-12 can all play an important role in early differential 
diagnosis. In particular, the level of MEG3 mRNA achieved 
the best early diagnostic performance. However, this study 
also had certain limitations that should be noted. There 
were differences in some baseline data between the AMI 
and non-AMI groups, which may have had an impact on 
the research conclusions. Therefore, the subsequent study 
will continue the direction of the present study with a large 
sample size.

In summary, for suspected AMI patients with an onset of 
chest pain of less than 6 h, AMI patients have higher levels 
of plasma DMG, MEG3, and Apelin-12, which can be used 
as early diagnostic indicators for AMI. Of these, MEG3 had 
the best diagnostic efficiency.
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