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Abstract

Background: N-acetylneuraminic acid (Neu5Ac) is a functional metabolite involved in coronary artery disease
(CAD). We aimed to evaluate the relationship between serum Neu5Ac and the risk and prognosis of acute coronary
syndrome (ACS) in a real-world prospective study.

Methods: Patients with suspected ACS who underwent coronary angiography were included. Serum Neu5Ac was
measured at admission. Coronary lesion severity was evaluated by Gensini Score. GRACE risk stratification was
performed at admission. Major adverse cardiac events (MACEs) were recorded during follow-up.

Results: A total of 766 patients, including 537 with unstable angina (UAP), 100 with myocardial infarction (MI), and
129 without CAD were included. The circulating Neu5Ac level was significantly higher in patients with MI (median
[1QR]: 297[220, 374] ng/ml) than in those with UAP (227 [114, 312] ng/ml) or without CAD (207 [114, 276] ng/ml;
both p < 0.001). Serum level of Neu5Ac was positively correlated with age, hypertension, serum uric acid, creatinine,
MB isoform of creatine kinase (CK-MB), and Gensini score (all p < 0.05). Receiver operating characteristic curve
analysis showed that a higher serum Neu5Ac was potentially associated with MI and high-risk GRACE stratification
in ACS patients. Logistic analysis identified only elevated serum Neu5Ac as an independent predictor of MACEs in
these patients (odds ratio [OR]: 1.003, 95% confidence interval [CI]: 1.002–1.005, p < 0.001).

Conclusions: Serum Neu5Ac is associated with myocardial injury, GRACE risk category, and prognosis in ACS
patients.

Keywords: N-Acetylneuraminic acid, Acute coronary syndrome, Myocardial infarction, GRACE score, Major adverse
cardiovascular events
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Background
Acute coronary syndrome (ACS) refers to a severe subtype
of coronary artery disease (CAD) that is characterized by
the acute rupture of vulnerable atherosclerotic plaques in
the coronary arteries and subsequent complete or incom-
plete obstruction of coronary blood flow due to throm-
bosis formation [1, 2]. Patients with ACS often suffer from
acute symptoms of chest pain or dyspnea, which are
mainly caused by acute myocardial ischemia [3, 4]. Cur-
rently, ACS can be classified as ST-segment elevation
myocardial infarction (STEMI) and non ST-segment ele-
vation ACS (NSTE-ACS) according to the dynamic
changes in the ST segment on electrocardiography (ECG)
[5–7]. Although substantial advancements have been
achieved in the diagnosis and treatment of ACS in recent
decades, including percutaneous coronary intervention
(PCI), patients with ACS remain at great risk for the de-
velopment of adverse outcomes, including malignant
arrhythmia, cardiac shock, heart rupture, and death [8].
Therefore, studies of the key molecular pathways involved
in the pathogenesis and progression of ACS are still of
fundamental clinical importance for improving risk strati-
fication and targeted treatment in these patients [9].
Accumulating evidence suggests that both genetic fac-

tors and environmental factors contribute to the patho-
genesis of ACS [10]. Interactions between genetic and
environmental factors may change various metabolic
pathways during atherosclerosis development, leading to
changes in the level of metabolites of the myocardium
[10]. Therefore, detection of some metabolites may be
helpful for clarifying the pathophysiological mechanism of
the disease [11]. N-acetylneuraminic acid (Neu5Ac) is one
of the commonly distributed natural carbohydrates, and it
is also a basic component of many glycoproteins, includ-
ing glycopeptides and glycolipids, with a wide range of
biological functions [12]. Moreover, the biochemical deriv-
atives of Neu5Ac are also commonly used in the synthesis
of medications [12]. Recent studies showed that Neu5Ac
may participate in the pathogenesis of atherosclerosis by
promoting immune inflammatory response [13, 14], regu-
lating lipoprotein metabolism [15], enhancing insulin re-
sistance [16], accelerating thrombosis formation [17], and
stimulating vascular smooth muscle cell proliferation and
apoptosis [18]. Moreover, inhibition of Neu5Ac via
pharmacological inhibition of neuraminidase was associ-
ated with relieved myocardial injury in hypoxic cardio-
myocytes and in an in vivo model of myocardial infarction
(MI), which strongly demonstrates that Neu5Ac may be a
novel target for improving myocardial ischemia [19].
However, the changes in serum Neu5Ac in patients with
various subtypes of ACS, the association between serum
Neu5Ac and coronary lesion characteristics, risk stratifica-
tion, and the relationship between serum Neu5Ac and
prognosis of ACS, to the best of our knowledge, have not

been fully explored. Therefore, the aim our study was to
investigate the role of serum Neu5Ac in a real-world ACS
patient cohort.

Methods
This study was a prospective cohort study including
consecutive patients with symptoms of chest pain and
dyspnea who received coronary angiography (CAG) in
our department between October 2018 and July 2019.
Written consent was obtained from each patient before
enrollment in the study, and the protocol for the study
was approved by the ethics committee of the First Affili-
ated Hospital of Bengbu Medical College (Approval No.
BYYFY-2018KY23) before performance of the study.

Patient inclusion criteria
Consecutive patient were included according to the following
criteria: (1) patients had suspected ACS and received CAG
within the study periods; and (2) data regarding baseline
demographic factors, comorbidities, concurrent medications,
CAG results, and biochemical parameters could be obtained,
including age, gender, current smoking status, prevalence of
hypertension, diabetes mellitus (DM), histories of atrial fibril-
lation (AF) and previous stroke, and total cholesterol (TC),
triglyceride (TG), high-density lipoprotein cholesterol (HDL-
C), low-density lipoprotein cholesterol (LDL-C), C-reactive
protein (CRP), uric acid (UA), serum creatinine (SCr), lipo-
protein (a) (Lp(a)); and (3) the serum level of Neu5Ac on ad-
mission was available. The exclusion criteria included severe
hepatorenal insufficiency, hematopoietic system disease, se-
vere infectious disease, tumor, and other malignant diseases.
The diagnosis of the subtype of ACS, including UAP and
MI, was judged by a group of experienced physicians based
on the clinical manifestations, ECG, clinical biochemical in-
dexes, and findings of CAG, according to current diagnosis
and management guidelines for ACS [5–7]. The diagnoses
of hypertension, DM, and AF were based on the medical
data on admission and the self-reported medical histories of
the patients. The definitions of MI were in accordance with
the Third Universal Definition of Myocardial Infarction [20].
The Global Registry of Acute Coronary Events (GRACE) risk
score was calculated at admission [21, 22]. The GRACE risk
score is a specifically designed tool for risk stratification of
ACS patients that has been confirmed to offer effective guid-
ance for prognosis prediction and clinical treatment planning
[1, 2]. The GRACE tool was developed through an inter-
national registry program for risk stratification of a broad
spectrum of ACS patients and subsequently become a vali-
dated tool for risk stratification in over 42,000 patients with
external validation in other cohorts. A simplified model was
derived that predicts the risk of death based on eight vari-
ables (age, heart rate, systolic blood pressure, Killip class, cre-
atinine concentration, elevated biomarkers of myocardial
injury, cardiac arrest on admission, and ST-segment
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deviation). GRACE risk scores are categorized as “low-risk”
(0 to 108), “intermediate-risk” (109 to 140), or “high-risk”
(≥141).

Measurement of serum Neu5Ac
For each patient, a 5-ml blood sample was taken after fast-
ing for 12 h through the median cubital vein in the early
morning after admission to the hospital. Blood samples
were collected into tubes with anticoagulants of heparin
sodium or EDTA. Samples with the anticoagulant of hep-
arin sodium were used for measurement of biochemical
parameters under a standard protocol of the Department
of Clinical Laboratory of our hospital. For the measure-
ment of Neu5Ac, the blood sample was drawn after the
confirmed diagnosis of ACS for all patients. No fasting
was required. After centrifugation, the blood sample was
preserved in a freezer − 80 °C for subsequent analysis. The
serum Neu5Ac concentration in each patient was detected
by liquid chromatography-tandem mass spectrometry, as
previously described [19, 23].

Coronary angiography and severity evaluation
Coronary angiography was performed by an experienced
cardiologist according to the conventional Judkins
method. Radial artery puncture and rapamycin-coated
stents were used in all patients. During the procedure, 1
ml of 1% lidocaine was used for local anesthesia, and
2000 U heparin and 200 μg nitroglycerin were injected
through the sheath after the artery sheath was im-
planted. The results of CAG were judged and reported
by a group of experienced physicians according to the
current guidelines [24]. The decision regarding subse-
quent performance of percutaneous coronary interven-
tion (PCI) was also made by the group of experienced
physicians according to the current PCI guidelines [24].
The periprocedural medication and management were
in accordance with the recommendations of current PCI
guidelines [25], and dual antiplatelet therapies and sta-
tins were administered to all patients before the proced-
ure. All patients received aspirin, ticagrelor, and
rosuvastatin before the procedure, while ACEI/ARB and
beta blockers were adjusted according to the blood pres-
sure and heart rate of patients. Because patients with
heart failure were excluded, aldosterone receptor antago-
nists were not used. The results of CAG and the pro-
cesses of PCI were recorded in detail. The criteria for
successful PCI were in accordance with international
practice guidelines, which include residual stenosis ≤20%
and TIMI grade 3 blood flow after the procedure. The
severity of coronary lesions was quantitatively assessed
using the Gensini score based on the distributions and
degree of stenosis for the affected coronary arteries de-
tected by CAG [14]. For patients who underwent stent
implantation, dual antiplatelet therapies were maintained

for at least 1 year, and other pharmacological therapies
for CAD, including statins, were also administered ac-
cording to the current guidelines [25].

Follow-up and outcomes
The patients with a confirmed diagnosis of ACS were
followed as outpatients by a group of trained cardiologists
monthly after discharge. The incidence of major adverse
cardiovascular events (MACEs), including a composite
outcome of recurrent chest pain, heart failure, stroke, re-
current MI, bleeding, revascularization, stent thrombosis,
stent restenosis, and death [26], was recorded.

Statistical analysis
Continuous data were presented as means and standard
deviations (SDs) if they were normally distributed; other-
wise, medians and interquartile ranges (IQRs) were re-
ported. Differences in the continuous data with normal
distribution among groups were analyzed using analysis
of variance (ANOVA), and for the non-normally distrib-
uted data, the non-parameter test was used. For the cat-
egorized data, numbers and percentiles were presented,
and the χ2 test was used for comparison. Correlations
between the serum Neu5Ac level and the clinical charac-
teristics of ACS patients were analyzed via Spearman
correlation analysis. Received operating characteristic
(ROC) curve analysis was used to evaluate the potential
predictive value of serum Neu5Ac for high-risk GRACE
stratification and the diagnosis of MI. Multivariate logis-
tic analyses were applied to determine the potential risk
factors for MACEs during follow-up from among
Neu5Ac, age, hypertension, smoking, DM, AF, previous
history of stroke, and fasting blood glucose (FBG) at ad-
mission. A p < 0.05 was defined as statistically significant.
The statistical analyses were performed using IBM SPSS
Statistics 21.0 software.

Results
Patient characteristics at baseline
Overall, 766 patients with a suspected diagnosis of ACS
who underwent CAG examination during the study
period were included (mean age: 63.5 ± 10.5 years; 427
men and 388 women). According to the clinical manifes-
tations, ECG features, serum troponin, and CAG find-
ings, these patients were classified as UAP patients (n =
100, NSTEMI: 21, STEMI: 79), MI patients (n = 100) or
non-CAD controls (n = 129). The baseline characteristics
of the included patients are shown in Table 1. There
were no significant differences in the proportions of pa-
tients with previous stroke or AF among the UAP, MI
and control groups. Moreover, the admission serum
levels of TC, LDL-C, Lp(a), D-dimer, and CRP were also
not statistically different among these patients. However,
patients with UAP and MI were older, more likely to be
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smokers, and more likely to have DM as compared to
non-CAD controls (all p < 0.05). In addition, serum UA,
TG, and FBG were higher in patients with MI than in
those with UAP or non-CAD controls (all p < 0.05). Fur-
thermore, compared to those with UAP, patients with MI
were more likely to be male, have hypertension, and have
a higher SCr at baseline (all p < 0.05). As for the severity
of coronary lesions, comparisons between UAP and MI
patients showed that MI patients had higher Gensini
Scores (53.04 ± 35.96 vs 30.70 ± 28.61, p < 0.001; Table 1)
and were more likely to have three-vessel coronary lesions
(37% vs 30%, p = 0.001; Table 1).

Serum Neu5Ac in patients with ACS
Circulating Neu5Ac levels were compared among the
groups and found to be significantly higher in patients
with MI (median [1QR]: 297[220, 374] ng/ml) than in
those with UAP (227 [114, 312] ng/ml) or in non-CAD

controls (207 [114, 276] ng/ml; both p < 0.001; Table 1).
Moreover, comparison of the serum Neu5Ac levels in
patients with ST-elevation and non-ST elevation MI
(STEMI vs NSTEMI) showed no statistically significant
difference (302.24 ± 122.81 ng/ml vs 275.51vs 126.10 ng/
ml, p = 0.389). Correlation analysis in patients with ACS
showed that the serum level of Neu5Ac was positively
correlated with age, the proportion of hypertension,
serum UA, SCr, MB isoform of creatine kinase (CK-
MB), and Gensini score (Table 2, all p < 0.001), but
negatively correlated with the serum level of HDL-c
(Table 2, p < 0.001). According to the GRACE risk stratifi-
cation, 53, 270, and 341 ACS patients were considered as
low-risk, intermediate-risk, and high-risk, respectively, and
the serum Neu5Ac level differed significantly among the
groups (low-risk: 214.59 ± 115.13 ng/ml; intermediate-risk:
253.29 ± 141.62 ng/ml; and high-risk: 299.51 ± 195.58 ng/
ml; p < 0.001). From the ROC curve analysis, we found

Table 1 Baseline characteristics of ACS patients and controls

UAP (n = 537) MI (n = 100) Control (n = 129) F or χ2 p

Age (years) 64.96 ± 10.13 63.44 ± 10.51 57.43 ± 9.67* 28.960 0.000

Male (n, %) 299 (56) 78 (78) 51 (40) 33.833 0.000

Smoker (n, %) 89 (17) 21 (21) 13 (10)* 11.350 0.003

Hypertension (n, %) 300 (56) 67 (67) 63 (49)* 7.60 0.022

DM (n, %) 144 (27) 24 (24) 12 (9)* 17.763 0.000

AF (n, %) 21 (4) 5 (5) 6 (5) 0.337 0.845

Previous stroke (n, %) 49 (9) 6 (6) 9 (7) 1.460 0.482

FBG (mmol/L) 5.11 (4.54, 6.48) 5.96 (4.90, 8.23)** 4.95 (4.51, 5.75) 18.746 < 0.001

TC (mmol/L) 3.72 (3.03, 4.64) 3.50 (2.79, 5.01) 3.83 (3.08, 4.53) 0.363 0.834

TG (mmol/L) 1.34 (0.96, 1.94) 1.54 (1.02, 2.01)** 1.23 (0.86, 1.86) 6.807 0.003

HDL-C (mmol/L) 0.90 (0.75, 1.06) 0.83 (0.67, 1.00) 0.95 (0.79, 1.14)* 13.958 0.001

LDL-C (mmol/L) 2.01 (1.54, 2.62) 1.98 (1.39, 2.86) 2.08 (1.57, 2.56) 0.173 0.917

CRP (mg/L) 1.20 (0.50, 3.60) 2.30 (0.05, 6.18) 1.20 (0.60, 3.30) 1.158 0.560

UA (μmol/L) 301 (251, 364) 317 (258, 398)** 282 (243, 353) 8.223 0.016

SCr (μmol/L) 67 (60.5, 72) 70 (63.25, 86) 63 (56.5, 69) 34.574 < 0.001

D-dimer (mg/L) 0.27 (0.19, 0.45) 0.29 (0.19, 0.45) 0.23 (0.11, 0.39) 8.729 0.013

Lp(a) (mg/L) 225 (93.75, 387.75) 237 (90, 470) 217 (110, 453) 0.143 0.931

Neu5Ac (ng/ml) 227 (114, 312) 297 (220, 374) ** 207 (114, 276) 17.505 < 0.001

Coronary lesions (n, %)

Three vessels 205 (30) 56 (37)** – 11.075 0.001

Two vessels 194 (26) 27 (23) – 3.099 0.078

Single vessel 138 (44) 17 (40) – 3.464 0.063

Gensini score 30.70 ± 28.61 53.04 ± 35.96** – 6.876 0.000

CK-MB (U/L) 12.20 (0.00, 17.00) 40.62 (8.00, 42.00) ** 9.49 (0.00, 14.00) 35.032 < 0.001

TnI (μg/L) 0.37 (0.00, 0.19) 4.28 (0.07, 3.76) ** 0.36 (0.00, 0.35) 34.817 < 0.001

*, p < 0.05 compared to MI patients;
*, p < 0.05 compared to UAP patients;
UAP Unstable angina pectoris, MI Myocardial infarction, DM Diabetes mellitus, AF Atrial fibrillation, FBG Fasting blood glucose, TC Total cholesterol, TG Triglyceride,
HDL-C High-density lipoprotein cholesterol, LDL-C Low-density lipoprotein cholesterol, CRP C-reactive protein, UA Uric acid, SCr Serum creatinine, Lp(a) Lipoprotein
(a), Neu5Ac N-acetylneuraminic acid, CK-MB MB isoform of creatine kinase, TnI Troponin I

Li et al. BMC Cardiovascular Disorders          (2020) 20:404 Page 4 of 9



that with the optimal cut-off for serum Neu5Ac was
330.5 ng/ml. The ROC curves for Neu5Ac, CK-MB, and
TnI are compared in Fig. 1. The ROC curve analysis
showed that Neu5Ac, CK-MB, and TnI all offered diag-
nostic efficacy for MI, with AUC values of 0.69 (0.64–
0.74), 0.74 (0.67–0.80), and 0.75 (0.69–0.81), respectively.

There was no significant difference among the diagnostic
efficacies of the three markers for MI (p > 0.05; Neu5Ac
and CK-MB: z = 0.985, p = 0.324; Neu5Ac and TnI: z =
1.344, p = 0.179; CK-MB and TnI: z = 0.374, p = 0.709). It
could be concluded that the diagnostic value of Neu5Ac
for MI is not inferior to that of CK-MB and TnI. In
addition, a higher serum Neu5Ac was associated with
high-risk stratification based on GRACE score (AUC: 0.64
[0.53–0.75]) with a sensitivity of 41.9%, a specificity of
85.8%, and a cut-off of 351.5 ng/ml (Fig. 2).

Serum Neu5Ac and the prognosis of ACS patients
During a median follow-up of 8 months, one patient
with UAP was lost. The results showed that ACS pa-
tients with MACEs had higher baseline serum Neu5Ac
levels compared to those without MACEs during follow-
up (261.32 ± 170.40 ng/ml vs 226.87 ± 122.38 ng/ml, p =
0.009). The results of multivariate adjusted logistic
analyses to determine the risk factors associated with the
incidence of MACEs in patients with ACS are shown in
Table 3. The results showed that the only independent
predictor of MACEs in these patients was a higher
serum Neu5Ac level (odds ratio [OR]: 1.003, 95% confi-
dence interval [CI]: 1.002–1.005, p < 0.001), while other
factors including age, hypertension, smoking, DM, AF,
previous stroke, and FBG at baseline were not potential
risk factors (all p > 0.1).

Table 2 Correlation of serum Neu5Ac with clinical
characteristics and severity of coronary lesions in ACS patients

r p

Age (years) 0.265 0.000

Hypertension (%) 0.262 0.000

UA (μmol/L) 0.312 0.000

SCr (μmol/L) 0.415 0.000

HDL-C (mmol/L) −0.187 0.000

CK-MB (U/L) 0.232 0.000

Gensini score 0.283 0.000

FBG (mmol/L) 0.039 0.282

TC (mmol/L) 0.048 0.200

TG (mmol/L) 0.023 0.545

CRP (mg/L) 0.052 0.171

TnI (μg/L) 0.044 0.224

Neu5Ac N-acetylneuraminic acid, ACS Acute coronary syndrome, UA Uric acid,
SCr Serum creatinine, HDL-C High-density lipoprotein cholesterol, CK-MB MB
isoform of creatine kinase, FBG Fasting blood glucose, TC Total cholesterol, TG
Triglyceride, CRP C-reactive protein, TnI Troponin I

Fig. 1 ROC curve analysis of the diagnostic efficacies of serum Neu5Ac, CK-MB, and TnI for MI in ACS patients
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Discussion
In this prospective cohort study, by analyzing a real-
world cohort of patients with suspected ACS who
underwent CAG, we found that the serum Neu5Ac con-
centration was significantly higher in ACS patients than
in controls with no CAD. Moreover, the serum level of

Neu5Ac was even higher in patients with MI compared
with that in patients with UAP, and the ROC curve ana-
lysis showed that an elevated serum Neu5Ac level is cap-
able of predicting a diagnosis of MI. Moreover, an
increased serum Neu5Ac level was closely correlated
with conventional risk factors for CAD, including aging,
hypertension, renal insufficiency, and low HDL-C. Im-
portantly, a higher serum Neu5Ac level was correlated
with more severe coronary lesions, high-risk on GRACE
risk stratification, and poor prognosis in ACS patients.
Taken together, the results of this pilot study demon-
strated that serum Neu5Ac is associated with myocardial
injury in ACS patients and may reflect the severity of
coronary lesions and predict a poor prognosis in these
patients. Future studies are needed to determine the mo-
lecular pathways mediating the role of Neu5Ac in acute
myocardial ischemia and to clarify whether Neu5Ac is a
biomarker only or a potential therapeutic target for
myocardial injury caused by acute ischemia.
In recent years, the roles of metabolites in cardiovas-

cular disease have attracted great attention. Comprehen-
sive quantitative and qualitative analyses of various small
molecule substances in patients with cardiovascular dis-
ease, such as CAD, have been confirmed to be helpful in
elucidating the changes in endogenous metabolic

Fig. 2 ROC curve analysis of the predictive value of serum N-acetylneuraminic acid on admission for high-risk GRACE score in ACS patients

Table 3 Risk factors for MACEs in patients with ACS: results of
multivariate logistic regression analysis

B Sx Wald OR (95% CI) p

Neu5Ac (ng/ml) 0.003 0.001 16.351 1.003 (1.002–1.005) 0.000

Age (years) 0.011 0.011 0.936 1.011 (0.989–1.034) 0.333

Hypertension (%) 0.328 0.234 1.969 0.720 (0.456–1.139) 0.161

Smoking (%) 0.294 0.496 0.351 0.745 (0.282–1.971) 0.553

DM (%) 0.123 0.303 0.165 0.884 (0.488–1.602) 0.684

AF (%) 1.026 0.761 1.182 0.358 (0.081–1.591) 0.177

Previous stroke (%) 0.247 0.435 0.321 0.781 (0.333–1.834) 0.571

FBG (mmol/L) 0.013 0.052 0.059 1.013 (0.915–1.121) 0.807

CRP (mg/L) 0.005 0.007 0.516 1.005 (0.992–1.018) 0.473

MACE Major adverse cardiovascular events, ACS Acute coronary syndrome, OR
Odds ratio, CI Confidence interval, Neu5Ac N-acetylneuraminic acid, DM
Diabetes mellitus, AF Atrial fibrillation, FBG Fasting blood glucose, CRP
C-reactive protein
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substances within organisms after determination from
the internal and external environment, helpful in identi-
fying metabolic marker groups related to diseases, and
useful for advancing the early diagnosis and treatment of
the disease [27–30]. Neu5Ac, also known as sialic acid, is
a naturally occurring amino glucosamine. It was originally
isolated from bovine submandibular gland mucins. It be-
longs to the monosaccharide family with a 9-carbon main
chain and a high degree of structural diversity. Recently,
Neu5Ac has been proposed to have multiple biological
functions. As a viral receptor, it is closely related to malig-
nant transformation, cancer metastasis, invasion, loss of
contact inhibition, cell adhesion reduction and antigenic-
ity [31–33]. However, the mechanism of its role in CAD
has not been fully understood. At present, it is suggested
that plasma Neu5Ac may promote the formation of ath-
erosclerosis through enhancing the inflammatory reaction,
disrupting iron metabolism, promoting platelet throm-
bosis and other mechanisms [34, 35]. Moreover, the level
of plasma Neu5Ac may be related to the severity of CHD,
and the release of a large amount of intracellular and cell
surface Neu5Ac into the blood at the early stage of MI is
considered to be the main cause of the increased serum
Neu5Ac level in these patients [19]. However, the relation-
ships between serum Neu5Ac and the severity and prog-
nosis of ACS have been rarely investigated.
In this study, we found that the serum level of Neu5Ac

in patients with MI was significantly higher than that in
patients with UAP or that in controls. We also divided
the AMI group into STEMI and NSTEMI groups, and
no significant difference in the serum Neu5Ac level was
found between these two groups. These results suggest
that serum Neu5Ac may be a metabolic marker of myo-
cardial injury and necrosis, independent of the type of
MI. Via ROC curve analysis, we found that the level of
Neu5Ac in serum can assist in the diagnosis of acute
MI, with a cut-off value of 330.5 ng/ml. Moreover, cor-
relation analyses showed that the serum level of Neu5Ac
was positively correlated with age, hypertension, CKMB,
Gensini score, UA and SCr, and negatively correlated
with the level of HDL-C. All of these factors have been
confirmed to be closely correlated with the degree of
myocardial injury. Taken together, these findings dem-
onstrate that the increased level of serum Neu5Ac in MI
patients might reflect the degree of cardiac necrosis, me-
tabolism and the severity of coronary artery disease.
Therefore, measurement of serum Neu5Ac may be of
significance for the early identification of patients at high
risk for the development of MI.
In a previous study, Zhang et al. [19] analyzed a large

number of plasma samples using non-targeted metabo-
lomics and found that Neu5Ac can activate the Rho/
ROCK signaling pathway by combining RhoA and
Cdc42 and thereby caused myocardial injury both

in vitro and in vivo. Rho kinase has two isomers, Rock1
and Rock2, which are expressed in vascular smooth
muscle and heart. Activation of the Rho/Rho kinase sig-
naling pathway through different pathways leads to
phosphorylation of myosin light chain (MLC) and aggre-
gation of integrin, which results in increased permeabil-
ity of endothelial cells. The subsequent molecular
mechanisms for upregulation of Neu5Ac and activation
of Rho/Rho kinase signaling may include monocyte/
macrophage migration, transportation of oxidized low-
density lipoprotein, endothelial dysfunction, as well as
phenotype switch and proliferation of vascular smooth
muscle cells, which all contribute to the pathogenesis of
atherosclerosis.
Current diagnosis of ACS is based on CKMB and

troponin combined with the symptoms, ECG, and cor-
onary angiography findings of patients. However, it has
been suggested that these parameters may not be ad-
equate for the guidance of individualized treatment.
Interestingly, clinical studies have shown that the recur-
rence rate of cardiovascular events in patients diagnosed
with influenza and treated with oseltamivir or other
anti-influenza drugs is significantly lower than that
among patients not treated with anti-influenza drugs
[36, 37]. Notably, the active metabolites of oseltamivir
play a role by inhibiting neuraminidase-1. Therefore,
drugs that inhibit neuraminidase-1 may be useful for
protecting myocardial cells and heart tissue from myo-
cardial injury in the future, representing a new interven-
tion for CAD treatment. These findings highlight the
potential therapeutic significance of Neu5Ac metabolism
as a novel target for the treatment of myocardial ische-
mia. In our study, during the follow-up (5–14 months)
after discharge, we found that serum Neu5Ac levels in
patients with MACEs were significantly higher than
those in patients who did not experience MACEs, and
our binary correlation analysis showed that the serum
level of Neu5Ac was an independent risk factor for
MACEs. These findings suggest that the serum level of
Neu5Ac is related to the clinical prognosis of ACS pa-
tients, and therapeutics that reduce the serum Neu5Ac
level may also reduce the incidence of MACEs in these
patients. Whether pharmacological interventions to in-
hibit Neu5Ac can improve the prognosis of ACS patients
will need to be determined in future clinical trials.
Despite of the potential strengths of our study as the

first real-world study to elucidate the role of Neu5Ac in
ACS patients, our study also has limitations. First, due
to the limited sample size, we were unable to determine
whether the significance and potential prognostic role of
Neu5Ac change according to patient or study character-
istics, such as age, gender, ethnicity, DM, or concurrent
medications. Moreover, although some potential con-
founding factors were adjusted in the analysis of the
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association between elevated serum Neu5Ac and poor
outcomes in ACS patients, we could not exclude the pos-
sibility that residual factors may confound the association,
such as patients’ nutritional status and the administration
of medications that influence Neu5Ac metabolism during
follow-up. Finally, as an observational study, we were un-
able to determine whether the relationships between an
elevated Neu5Ac level and the severity and prognosis of
ACS are causative. In-depth experimental studies and ran-
domized controlled trials are needed to further
characterize these relationships.

Conclusions
In conclusion, the results of our real-world study dem-
onstrated that serum Neu5Ac is associated with myocar-
dial injury in ACS patients and that it may reflect the
severity of coronary lesions, correlate with high-risk
GRACE risk stratification, and predict poor prognosis in
these patients. Thus, serum Neu5Ac may become a bio-
marker for the diagnosis and risk stratification of ACS
patients, and targeted Neu5Ac inhibition may represent
a novel therapeutic strategy for CAD. Studies are needed
to further our understanding of the mechanisms and
therapeutic potential of treatments targeting Neu5Ac in
patients with acute myocardial ischemia.
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