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Elevated Lipoprotein-Associated
Phospholipase A2 is Valuable in
Prediction of Coronary Slow Flow in
Non-ST-Segment Elevation
Myocardial Infarction Patients

Qi Liang, MD, Xinjun Lei, MD, Xin Huang, MD,
Lihong Fan, MD, and Hang Yu, MD

Abstract: Background Coronary flow is a determina-
tive factor of non-ST-segment elevation myocardial
infarction (NSTEMI) patients. Lipoprotein-Associated
Phospholipase A2(Lp-PLA2) as a vascular specific
inflammatory cytokine might relate to coronary slow
flow in these patients. Methods 105 NSTEMI patients
and 83 UAP patients were enrolled. Another group
division was made by Lp-PLA2 tertile data. Corrected
thrombolysis in myocardial infarction (TIMI) frame
count (CTFC) was adopted to represent coronary flow
condition. Correlation analysis was made between
CTFC and other clinical indicators. Multivariable
regression analysis was used to identify the influential
factors of coronary flow in NSTEMI patients. ROC
curve was used to determine the diagnostic value of
Lp-PLA2 with coronary slow flow (CSF). Results High
sensitive C reactive protein (hsCRP, P < 0.01), Lp-
PLA2(P < 0.01), N-terminal pro-brain natriuretic
peptide (NT-proBNP, P < 0.05), mean platelet volume
MPV, P<0.05), CTFC(P < 0.05) was higher in
NSTEMI than UAP patients. hsCRP(P < 0.01), MPV
(P < 0.01), NT-proBNP(P < 0.01) CTFC(P < 0.01)
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was higher in high-Lp-PLA2 group. Lp-PLA2 and
hsCRP (r=0.22, P < 0.01), MPV (r=0.21, P < 0.05),
CTFC (r=0.69, P < 0.01) had a positive correlation in
NSTEMI group. Multivariable regression analysis
showed that Lp-PLLA2 could explain most part changes
of CTFC in NSTEMI patients, CTFC = 0.55*Lp-PLA2
+0.03*hsCRP+0.005*NT-proBNP+15.843. Lp-PLA2
was specific and sensitive in diagnosis of CSF in
NSTEMI group, AUC =0.851(95% confidence interval
(CD: 0.771-0.924, P < 0.01), Cutoff=196.96ng/ml, sen-
sitivity =84 %, specificity =81%. Conclusions Lp-
PLA2 is closely correlated with coronary flow in
NSTEMI patients. Lp-PLA2 over 196.96ng/ml could
be used to predict CSF in NSTEMI patients. (Curr
Probl Cardiol 2021;46:100596.)

Introduction

oronary flow is a crucial factor in the prognosis of Non-ST-seg-
ment elevation myocardial infarction (NSTEMI) patients, which

is mainly influenced by inflammatory cytokine disorder, platelet
activation, and intracoronary thrombosis. Abnormal coronary flow is fre-
quently due to erosion of the atherosclerotic plaque cap, it was the result
of plaques instability or plaques rupture,' and deteriorated by platelet
aggregation and thrombosis intracoronary. Occurrence of coronary slow
flow (CSF) might directly lead to high incidence of cardiac events or
even cardiac death. Lp-PLA2 is a novel vascular specific inflammatory
cytokine, a stress reaction related enzyme, may express at high level in
emergency conditions and then gradually remained stable,”” takes part in
the development of atherosclerotic plaques, Lp-PLA?2 is secreted by mac-
rophage cells detected in the unstable coronary plaques.” Lp-PLA2 could
also hydrolyze oxidized phospholipids and produce non-esterified fatty
acids, resulting in endothelia dysfunction. Lp-PLA?2 was considered as a
predictor of cardiac events.” Due to its pathophysiological background,
Lp-PLA2 may be a coronary flow related factor.

Unlike ST-segment- elevation myocardial infarction (STEMI) patients
with an apparently occluded coronary artery and blocked coronary flow.
NSTEMI is more prevalent in clinical and showed as with wide range of
coronary flow disorders, NSTEMI provided a good example in studying
the coronary flow condition in practical work. In clinical, risk stratifica-
tion of NSTEMI is still according to conventional factors, the
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recommended window of invasive interventional therapy is by the risk
stratification of these patients, in fact, coronary flow disorder is a determi-
native factor in making percutaneous coronary intervention (PCI) strategy
to these patients, indicators reflecting coronary flow condition might be
useful in these conditions. Lp-PLA?2 as a vascular specific inflammatory
cytokine, relating to stability status of coronary lesions, might have close
relationship with coronary flow. We aimed to explore value of Lp-PLA2
in different coronary flow conditions in NSTEMI patients.

Methods

Study Population and Group Division

We recorded the data of consecutive patients who went to our hospital
to make a retrospective study. 188 patients met the inclusion and exclu-
sion criteria were enrolled. According to the clinical diagnosis, they were
categorized into NSTEMI (n=105) and UAP group (n=83). Second
group division was made by Lp-PLA2 tertile data of NSTEMI patients,
the patients were regrouped into three Lp-PLA2 tertile groups, showed as
low-Lp-PLA2 (<180.4 ng/ml)group, middle-Lp-PLA2 ( >180.4, <204.8
ng/ml)group and high-Lp-PLA2(>204.8 ng/ml) group.

Inclusion and Exclusion Criteria

Inclusion criteria: NSTEMI and UAP diagnostic standard was accord-
ing to the WHO criterion for the coronary artery disease (CAD). They all
received coronary angiography (CAG). Indication of CAG was according
to “unstable angina pectoris and ST-segment elevation myocardial infarc-
tion: guidelines for diagnosis and treatment”.

Diagnosis of NSTEMI requires an electrocardiogram and a careful
review for signs and symptoms of cardiac ischemia. 1, Electrocar-
diographic abnormality include T-wave tenting or inversion, ST-segment
depression. 2, Patients with chest pain Troponin T or I are the most sensi-
tive determinant of NSTEMI. Early markers include myoglobin and crea-
tine kinase—MB subforms (or isoforms). 3, former CTA, if necessary (at
least 1 epicardium coronary artery or its main branch stenosis in diame-
ters >50%).

Diagnosis standard of diabetes mellitus (DM) was according “World
Health Organization and the International Diabetes Federation. Definition
and diagnosis of diabetes mellitus and intermediate hyperglycemia:

Curr Probl Cardiol, March 2021 3



report of a WHO/IDF consultation. Geneva: World Health Organization,
2006”.

Exclusion criteria: (1). Age<18 and>80 years old. (2). Not suit-
able for the coronary artery interventional therapy, such as acute
infectious disease or hemorrhage status. (3). Patients with serious
hepatobiliary, kidney, pancreas, pulmonary and peripheral vascular
disease, which would affect inflammatory conditions. (4). Tumor of
blood system disease, other heart diseases (cardiomyopathy, heart
valve disease, myocarditis).

Demographic Data and Clinical Features

Data of demographic (age, gender), smoking history, diabetes mellitus his-
tory, hypertension history were recorded, BMI was calculated by kg.cm™ 2.

Hypertension was diagnosed by systolic BP>140 mmHg and dia-
stolic BP>90 mmHg, or they were under treatment with antihyper-
tension medications.

Diabetes mellitus was defined as a state with a fasting plasma glucose
level>126 mg/dL,, HBAlc>6.5%, a random glucose level>200 mg/dL
or receiving the medicine treatment of diabetes mellitus.

Laboratory Analysis

Patients enrolled would be fasting 8 hours before blood samples were
collected. Blood biochemical indicators including hemoglobin Alc
(HBAIc), low density lipoprotein cholesterol (LDL-C), high density lipo-
protein cholesterol (HDL-C), triglyceride (TG), lipoprotein A(LPA),
hypersensitive C reactive protein (hsCRP), N-terminal pro brain natri-
uretic peptide (NT-proBNP). They were tested and recorded.

Blood routine test results including white blood cells (WBC), neutro-
philic granulocyte (NEUT), mean platelet volume (MPV). They were
tested and recorded.

The concentration of plasma Lp-PLA?2 was determined by immunotur-
bidimetric assay with PHOMO scattering analyzer (Autobio Biology
Technology Co., Ltd. Zhengzhou, China).

Calculation of CTFC

Coronary angiograms (CAG) was carried out in the catheterization
department with standard protocols. Coronary flow could be quanti-
tatively represented by corrected TIMI frame count (CTFC, frames).
CAG video was recorded, CTFC was carefully counted, the first
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CTFC frame was according to the contrast across more than 70% of
the arterial with anterograde perfusion and touching both borders of
the lumen. The final frame was according to the leading edge of the
contrast column reached the distal end. Left anterior descending
(LAD) coronary artery may have 1.7 times greater than the mean
value of the left circumflex coronary artery (LCX) and the right coro-
nary artery (RCA), the frame could result of the LAD was divided by
1.7 and then could be calculated with the LCX and RCA.

CTFC for analysis was calculated by two independent operators. The
mean CTFC for each subject was calculated by totaling of CTFCs for the
LAD, LCX, and RCA, and then divided by 3.0

Definition of Coronary Slow Flow (CSF)

Coronary slow flow (CSF) was defined by CTFC data from coronary
angiography. Higher level of CTFC in the CAG video represents the lower
perfusion rate of contrast in the coronary arteries, was an indirect coronary
flow parameter. CTFC was from the strict data of CAG, separately calcu-
lated by 2 experienced operators, especially in determine of coronary slow
flow. CTFC cumulative frequency was made in SPSS software, 75% cumu-
lative frequency data of CTFC (>26.9 frames) was used to represent CSF.

Statistical Analysis

SPSS19.0 statistical program package for Windows (SPSS Inc.,
Chicago, IL) was used to analyze the research data. The kolmogorov-
Smirnov test was used to test normality of distribution. Continuous
variables with normal distribution were expressed as mean = standard
deviation (X =£5). Student’s t-test was used to test variable with nor-
mal distribution. Continuous variables without normal distribution
were showed as percentiles 50(25,75). The Mann-Whitney U test,
Kruskal-Wallis test was used to test differences in variables without
normal distribution. Categorical variables were compared by the Chi-
square test or post hoc Fisher exact test. Spearman correlation coeffi-
cient and Pearson correlation coefficient were used to show correla-
tions of Lp-PLA?2 with coronary flow related factors. To determine the
factors affecting CTFC, multivariate linear regression analysis was
adopted. ROC curve analysis was adopted to determine diagnostic
value of Lp-PLA2 to CSF, Youden index method was used to calculate
cutoff data of Lp-PLA2. Value of two-tailed P < 0.05 was considered
having a significant statistical difference.
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Results

Coronary Flow Influential Factors Comparison between
NSTEMI and UAP Group

LDL-C (3.4+£1.3 vs 2.8+1.0 mmol/L, P<0.05), Lp-PLA2(192.74+23.1 vs
170.3£22.6 ng/ml, P<0.01), NT-proBNP (589.8 (259.3, 769.9) vs 302.3
(238.7, 731.1) pg/mL, P<0.05), MPV(11.1£2.5 vs 10.24+2.3fL., P<0.05),
CTFC (25.9+3.1 vs 23.643.7frames, P<0.05), hsCRP (3.9 (3.1, 4.9) vs 2.9
(2.1,3.9) mg/L, P<0.01) was higher in NSTEMI group than in UAP group.
Gender (male), age, hypertension history, smoking history, BMI, HBAlc, TC,
HDL-C, TG, LPA, WBC, NEUT didn’t have significant statistical differences
(Table 1, Fig 1).

Comparison of Coronary Flow Influential Factors in Lp-PLA2
Tertile Groups by NSTEMI Patients

hsCRP was higher in high-LP-PLA2 group than in low-LP-PLA2
group (4.4(3.3, 5.2) vs 3.3(2.6, 4.4) mg/L, P < 0.05), higher in high-LP-

TABLE 1. Coronary flow influential factors comparison between NSTEMI and UAP group.

Items NSTEMI (n = 105) UAP (n = 83) P
Male (n, %) 75 (71.4) 68 (81.9) 0.09
Age (years, X =£S) 61.2+4.5 59.5+3.3 0.6
Hypertension (n, %) 83 (60.0) 66 (79.5) 0.9
Smoking (n, %) 78 (45.7) 51 (61.4) 0.06
BMI (kg*m~2) 25.54+6.8 26.447.1 0.3
HBA1C (%) 6.7 (5.9, 7.6) 6.4(5.6,7.1) 0.5
TC (mmol/L) 4.1+1.8 4.0+1.8 0.6
LDL-C(mmol/L) 3.441.3 2.8+1.0 <0.05
HDL-C(mmol/L) 0.940.1 0.940.2 0.2
TG (mmol/L) 2.1+0.4 1.940.4 0.2
LPA (mmol/L) 201.94+11.3 199.3+11.4 0.1
hsCRP(mg/L) 3.9(3.1,4.9) 2.9(2.1,3.9) <0.01
LP-PLA2(ng/ml) 192.7423.1 170.34+22.6 <0.01
NT-proBNP(pg/mL) 589.8 (259.3, 769.9) 302.3(238.7, 731.1) <0.05
WBC (10°) 8.442.2 8.2+2.1 0.4
NEUT (%) 67.147.1 67.3+6.4 0.7
MPV (fL) 11.142.5 10.2+2.3 <0.05
CTFC(frames) 25.943.1 23.64+3.7 <0.05

Abbreviations: BMI, body mass index; CKMB, MB isoenzyme of creatine kinase; CTFC, cor-
rected thrombolysis in myocardial infarction (TIMI) frame count; HBA1c, hemoglobin Alc; HDL-
C, high density lipoprotein cholesterol; TC, total cholesterol; hsCRP, hypersensitive C reactive
protein; LDL-C, low density lipoprotein cholesterol; TG, triglyceride; LPA, lipoprotein A; N-termi-
nal pro brain natriuretic peptide (NT-proBNP); WBC, white blood cells; MPV, mean platelet vol-
ume; NEUT, neutrophilic granulocyte percentage; RDW, Red cell distribution width.
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FIG 1. Error bar (Cl 95%) of Lp-PLA2 between UAP and NSTEMI group, P < 0.01.

PLA?2 group than in middle-LP-PLA2 group (4.4(3.3, 5.2) vs 3.8(3.2,4.9)
mg/L, P < 0.01). MPV was higher in high-LP-PLA2 group than in low-
LP-PLA2 group (11.642.5 vs 10.24+2.3fL, P < 0.05), higher in middle-
LP-PLA2 group than in low-LP-PLA2 group (11.7£2.4 versus 10.242.3
fL, P < 0.05). NT-proBNP was higher in middle-LP-PLA2 group than in
low-LP-PLA2 group (550.1(262.6, 680.1) vs 287.9(225.5, 362.1) pg/mL,
P < 0.01), higher in high-LP-PLA2 group than in low-LP-PLA2 group
(680.3(275.8, 781.2) vs 287.9(225.5, 362.1) pg/mL, P < 0.01). CTFC
was higher in middle-LP-PLA2 group than in low-LP-PLA2 group
(25.1£3. 5 vs 19.5+3.4 frames, P < 0.01), higher in high-LP-PLA2
group than in middle-LP-PLA2 group (29.1+£3.5 vs 25.143.5 frames, P
< 0.01) (Table 2, Fig 2).

Correlation Analysis Results of Lp-PLA2 and hsCRP, NT-
proBNP, MPV, CTFC

Correlation analysis was made between Lp-PLA2 and hsCRP, MPV,
NT-proBNP, CTFC in NSTEMI patients. Lp-PLA?2 and hsCRP had a pos-
itive relationship (r=0.22, P < 0.01). Lp-PLA2 and MPV had a positive
relationship (r=0.21, P < 0.05). Lp-PLA2 correlated with NT-proBNP
(r=0.35, P < 0.01). Lp-PLA2 and CTFC had a positive relationship
(r=0.69, P < 0.01).

Correlation analysis in UAP group showed that Lp-PLA2 and hsCRP
had no correlation (P =0.25). Lp-PLA2 correlated with MPV (r=0.21,
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TABLE 2. Comparison of coronary flow influential indicators in different Lp-PLA2 tertile groups by
NSTEMI patients.

Items Low-LP-PLA, Middle-LP-PLA, High-LP-PLA, F/H P
(n=22) (n=46) (n=37)
hsCRP(mg/L) 3.3(2.6,4.4) 3.8(3.2,4.9) 4.4(3.3,5.2)*" 11.6(H) <0.01
LDL-C(mmol/L) 3.1+1.1 3.3+1.3 3.8+1.5 1.9 0.15
MPV (fL) 10.24+2.3 11.742.4%* 11.64+2.5* 3.6 <0.05
NT-proBNP 287.9 550.1 680.3 12.2(H) <0.01
(pg/mL) (225.5,362.1) (262.6,680.1)° (275.8, 781.2)*
CTFC(frames) 19.5+3.4 25.1+3.5° 29.1+4.1%' 45.8 <0.01

*Compared with Low LP PLA, group, P < 0.05.

$Compared with Low LP PLA, group, P < 0.01.

ICompared with middle LP PLA; group, P < 0.01.

Abbreviations: CTFC, corrected thrombolysis in myocardial infarction(TIMI) frame count; hsCRP,
hypersensitive C reactive protein; LDL-C, low density lipoprotein cholesterol; MPV, mean platelet
volume; N-terminal pro brain natriuretic peptide (NT-proBNP).
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FIG 2. Error bar (Cl 95%) of CTFC among Lp-PLA2 groups, P < 0.01.

P < 0.05). Lp-PLA2 correlated with NT-proBNP (r=0.31, P < 0.01). Lp-
PLA2 had no correlation with CTFC (P =0.24) (Table 3, Figs 3 and 4).

Multivariable Linear Regression Analysis of Coronary Flow
in NSTEMI Group

CTFC was in line with cluster of changes in NSTEMI patients, In order
to investigate the factors affected CFTC, CTFC as dependent variable,
CKMB, LDL-C, MPV, Lp-PLA2, hsCRP, NT-proBNP as independent
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TABLE 3. Correlation coefficients of Lp-PLA2 with items between NSTEMI and UAP groups

Items NSTEMI

r p r p
hsCRP 0.22 <0.01 NA 0.25
MPV 0.21 <0.05 0.21 <0.05
NT-proBNP 0.35 <0.01 0.31 <0.01
CTFC 0.69 <0.01 NA 0.24

Abbreviations: CTFC, corrected thrombolysis in myocardial infarction(TIMI) frame count; hsCRP,
hypersensitive C reactive protein; LDL-C, low density lipoprotein cholesterol; MPV, mean platelet
volume; N-terminal pro brain natriuretic peptide (NT-proBNP).
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FIG 3. Correlation analysis of Lp-PLA2 and CTFC in UAP group, P> 0.01.
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variables were analyzed. All the independent variables were taken into
regression analysis by SPSS software. Finally, Lp-PLA2, hsCRP,
NT-proBNP could explain the changes of CTFC in NSTEMI patients.
The regression equation was CTFC=0.55*Lp-PLA2+0.03*hsCRP+
0.005*NT-proBNP+15.843. Regression coefficients were tested with sig-
nificant statistical differences. (Reference Table 4).

ROC Analysis of Lp-PLA2 with Coronary Slow Flow
Separately in NSTEMI and UAP Patients

ROC analysis was adopted to evaluate the diagnostic value of Lp-
PLA2 with CSF. CTFC>26.9 frames (75% cumulative frequency) was
defined as CSF. ROC analysis was separately performed in NSTEMI and
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FIG 4. Correlation analysis of Lp-PLA2 and CTFC In NSTEMI group. r=0.69, P < 0.01.

TABLE 4. Multivariable linear regression analysis of CTFC in NSTEMI group.

Variables B t P value
Constant 15.843 10.554 0.000
Lp-PLA2 0.55 2.05 0.004
HsCRP 0.03 3.31 0.001
NT-proBNP 0.005 3.08 0.002

Abbreviations: CTFC, corrected thrombolysis in myocardial infarction (TIMI) frame count; hsCRP,
hypersensitive C reactive protein; N-terminal pro brain natriuretic peptide (NT-proBNP).

UAP patients. Area under the curve (AUC) of Lp-PLA2 with CSF was in
UAP patients 0.585 (95% confidence interval (CI): 0.463-0.708, P <
0.01). AUC of Lp-PLA2 with CSF in NSTEMI group was 0.851(95%
confidence interval (CI): 0.771-0.924. P < 0.01), Cutoff=196.96ng/ml,
sensitivity = 84%, specificity =81%. (Figs 5 and 6). Lp-PLA2 in defini-
tion of CSF was more sensitive and specific in NSTEMI patients.

Discussion

NSTEMI represents an emergency cardiovascular condition in clinical,
closely related to coronary flow status, coronary slow flow (CSF) is a fac-
tor of poor prognosis in these patients. In clinical, coronary flow is influ-
enced by many factors, inflammatory cytokine is the most important one
among them,””® vascular specific inflammatory cytokine such as Lp-
PLA?2 might be the promising one related to instability of coronary pla-
ques, perhaps even initiative factor of CSF. In NSTEMI patients, unstable
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FIG 5. Area under the curve (AUC) of Lp-PLA2 with CSF in UAP patients was 0.585 (95% confi-
dence interval (Cl): 0.463-0.708, P < 0.01).
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FIG 6. Area under the curve (AUC) of Lp-PLA2 with CSF in NSTEMI patients was 0.851(95%

confidence interval (Cl): 0.771-0.924, P < 0.01). Cutoff = 196.96ng/ml, sensitivity = 84%,
specificity = 81%.
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coronary plaque may induce coronary flow disorder, and the coronary
flow is exacerbated by consequent platelet activation and intracoronary
thrombosis. But in practical, CSF is not easily identified, CSF is often
acquired by coronary angiography (CAG), it is defined as delayed pro-
gression of contrast agent in coronary artery, it is through an invasive pro-
cedure and sometime not suitable for all the patients. Thrombolysis in
myocardial infarction (TIMI) grade 2 or lower flow phenomenon was
once an accepted criterion of CSF. With the advantages in cardiovascular
disease, the occurrence of Corrected TIMI frame count (CTFC) made the
coronary flow quantitatively comparable, reproducible and the definition
of CSF more scientific. And CSF draws more attention than before. CSF
was reported be associated with instability of coronary plaques and
related with major adverse cardiovascular events (MACE).9 Cardiac
events such as cardiomyocyte ischemia, myocardial infarction, severe
cardiac arrhythmia, or even sudden death all had close relationship with
CSF. But CSF is a complicated result in CAD patients, In addition to
inflammatory factors, endothelial dysfunction,'’ platelet activation was
all contributors of CSF.""'* CSF is more prevalent in NSTEMI patients
and difficult to identify if without invasive procedure as aforementioned,
accurate detection of CSF might be important to these patients. Prediction
of CSF through clinical indicators had gradually become a highlighted
subject.’*°

NSTEMI as an acute stress response may induce a cluster changes of
inflammatory cytokine in the body, such as hsCRP and Lp-PLA2. hsCRP
is an unspecific acute phase inflammatory cytokine, synthesized in liver
and influenced by many other factors, such as body mass index (BMI),
plasma lipid levels, blood glucose, hyperinsulinemia and insulin resis-
tance. hsCRP was reported having an elevated trend in acute coronary
syndrome(ACS) patients.'® '® Unlike hsCRP, Lp-PLA?2 is considered as
a vascular specific inflammatory cytokine, secreted mainly by macro-
phages in coronary plaques.'’ Lp-PLA2 expressed highly in unstable cor-
onary plaques than in stable ones,”” elevated Lp-PLA2 was related to
instability of coronary plaques.””' Lp-PLA2 was also reported having
close relationship with cardiovascular events in ACS patients.”” *° Lp-
PLA?2 may be used as a clinical risk stratification factor in cardiovascular
disease.”” Lp-PLA2 was sensitive in identification of patients with high
atherosclerotic risk.”® " Lp-PLA2 perhaps might be a promising indica-
tor of coronary flow in NSTEMI patients, and not reported before.

In addition to Lp-PLA2, coronary flow is also related to platelet activa-
tion and cardiac dysfunction, and CSF might also be influenced by those
factors. In the present study, LDL-C, hsCRP, Lp-PLA2, NT-proBNP,
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MPV, CTFC was higher in NSTEMI patients. Elevated MPV is an indica-
tor of platelet activation, large platelet would have more pseudopods and
more platelet particles, resulting in platelet aggregation and intracoronary
thrombosis. NT-proBNP is considered as a cardiac function indicator in
clinical, elevated NT-proBNP represents ischemic cardiomyocyte dys-
function, also a sign of coronary hypoperfusion. In the second group divi-
sion, hsCRP, MPV, NT-proBNP was also discovered highly expressed in
high-Lp-PLA2 group, in line with elevated CTFC. In correlation analysis,
Lp-PLA?2 and CTFC had positive correlation in NSTEMI group (r=0.69,
P < 0.01), and this result was not obvious in UAP group. In multivariable
regression analysis, Lp-PLA2, hsCRP, NT-proBNP could explain CTFC
changes in NSTEMI patients, the weight of Lp-PLA2 in explaining
CTFC was more significant than hsCRP and NT-proBNP, as stated in the
regression equation. ROC curve analysis was made to determine the diag-
nostic value of Lp-PLA2 to CSF. Area under the curve (AUC) in
NSTEMI group was 0.851(95% confidence interval (CI): 0.771-0.924,
P < 0.01). In this study, Lp-PLA?2 was in accordance with CTFC changes
in NSTEMI, especially in diagnosis of CSF in these patients. Lp-PLA2
might be a risk stratification parameter of NSTMI, Lp-PLA?2 greater than
the cut-off value (over 196.96ng/ml) might be used in diagnosis of CSF,
strategy should be adopted in avoiding CSF if Lp-PLA2 was detected
over the cutoff data, close correlation of elevated Lp-PLA2 and cardiac
events as reported before””*° perhaps due to the occurrence of CSF in
those patients, making Lp-PLA2 a potential risk factor in cardiovascular
and cerebrovascular diseases.”’

In addition to cardiovascular disease, Lp-PLA2 was also found highly
expressed in other fields.”” Lp-PLA2 antagonist was effective in diabetic
macular edema,”” Lp-PLA2 targeted therapy might be promising in
future, a 20-years followed up study showed Lp-PLA2 activity was
higher in abdominal aortic aneurysm than the normal contrast, and related
to incidence of abdominal aortic aneurysm.’*" Lp-PLA2 was also
related to progress of obese,’® Lp-PLA2 antagonist showed excellent
result in treating with these disease.”’ Lp-PLA2 was also an earlier
marker of dyslipidemia, especially children with abnormal Lp-PLA2.*"
But as a coronary flow related factor, particular in NSTEMI, significance
of Lp-PLA2 was not elicited before, our result perhaps extended the field
of this vascular specific inflammatory cytokine.

This result might bring the practical use of Lp-PLA2 in decision mak-
ing of NSTEMI, for instance, invasive strategy of NSTEMI is ranging
from immediate invasive strategy(<?2 hours), early invasive strategy(<24
hours) and delayed invasive strategy(< 72 hours). The stratification
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strategy is still according to the conventional clinical risk factors recom-
mended by 2015 European societies of cardiology (ESC) NSTE-ACS
guidelines and 2018 ESC myocardial revascularization guidelines.
Besides the conventional risk factors cited by those documents, coronary
flow is another crucial factor in NSTEMI patients. Predictive value of
Lp-PLA2 in coronary flow disorder might be more accurate and instant
than the former parameters, this is beneficial to NSTEMI patients.
Predictive value of Lp-PLA2 to CSF was significant in NSTEMI
patients in this study. In clinical, STEMI had the feature of obstructive
coronary flow in the culprit vessel, quantitively comparison of coronary
flow might be difficult, further investigation still needed in this aspect,
non-culprit vessels flow in STEMI patients might be an alternative
approach. Another limitation in this study was due to the data from a sin-
gle center, and data from more centers might be more necessary in the
further. Unlike the expensive, complicated procedure such as CAG, Lp-
PLA2 is easily acquired and Lp-PLA2 over the cutoff data might also be
a mirror of CSF, furthermore, more accurate cut-off data is still needed,
inflammatory cytokine and CSF may draw more attentions in the future.

Conclusions

NSTEMI possess high Lp-PLA2 and Lp-PLA2 is closely related to
coronary flow in these patients. Lp-PLA2 (over 196.96ng/ml) perhaps is
a predictor of coronary slow flow in NSTEMI.

Declarations

Ethics approval and consent to participate: this work was approval by
the ethics committee of The First Affiliated Hospital of Xi’anJiaotong
University and has a consent to the participation.

Consent for Publication

All the authors have consent for the publication.

Availability of Data and Material

All the data and material were effective.

Authors’ Contributions

Qi Liang conceived of the study and participated in its design, coordi-
nation, conduct, analysis, and drafted the manuscript. Xinjun Lei

14 Curr Probl Cardiol, March 2021



participated in the design of the study, conduct, and the interpretation of
results. Lihong Fan participated in the design of the study and performed
the statistical analysis. Xin Huang participated in the conception and
design of the study and secured funding. All authors revised the manu-
script for content and read and approved the final manuscript.

Acknowledgments

All the colleagues supported our work.

REFERENCES

1. Ma CY, Xu ZY, Wang SP, et al. Change of inflammatory factors in patients with
acute coronary syndrome. Chin Med J (Engl) 2018;131:1444-9.

2. Dohi T, Miyauchi K, Okazaki S, et al. Decreased circulating lipoprotein-associated
phospholipase A2 levels are associated with coronary plaque regression in patients
with acute coronary syndrome. Atherosclerosis 2011;219:907-12.

3. Yang L, Wang H, Zhang Y, Han T, Wang W. The Prognostic Value of Lipoprotein-
Associated Phospholipase A2 in the Long-Term Care of Patients With Acute Coro-
nary Syndrome Undergoing Percutaneous Coronary Intervention. Clin Appl Thromb
Hemost 2018;24:822-7.

4. LiJ, Wang H, Tian J, Chen B, Du F. Change in lipoprotein-associated phospholipase
A2 and its association with cardiovascular outcomes in patients with acute coronary
syndrome. Medicine (Baltimore) 2018;97:e11517.

5. Deckers JW. Diagnostic re-classification and prognostic risk stratification of patients
with acute chest pain. Neth Heart J 2019;27:575-80.

6. Gibson CM, Cannon CP, Daley WL, et al. TIMI frame count: a quantitative method
of assessing coronary artery flow. Circulation 1996;93:879-88.

7. Mavroudis CA, Eleftheriou D, Hong Y, et al. Microparticles in acute coronary syn-
drome. Thromb Res 2017;156:109-16.

8. Moreira HG, Lage RL, Martinez DG, et al. Sympathetic nervous activity in patients
with acute coronary syndrome: a comparative study of inflammatory biomarkers.
Clin Sci (Lond) 2017;131:883-95.

9. Sanghvi S, Mathur R, Baroopal A, Kumar A. Clinical, demographic, risk factor and
angiographic profile of coronary slow flow phenomenon: A single centre experience.
Indian Heart J 2018;70 Suppl 3:S290-4.

10. JDS S, Corban MT, Prasad M, et al. Prevalence of myocardial bridging associated
with coronary endothelial dysfunction in patients with chest pain and non-obstructive
coronary artery disease. Eurolntervention 2020;15(14):1262-8.

11. van Dijk R, Ties D, Kuijpers D, van der Harst P, Oudkerk M. Effects of Caffeine on
Myocardial Blood Flow: A Systematic Review. Nutrients 2018;10(8):1083.

12. Wang Y, Liu MJ, Yang HM, et al. Association between increased serum alkaline
phosphatase and the coronary slow flow phenomenon. BMC Cardiovasc Disord
2018;18:138.

Curr Probl Cardiol, March 2021 15


http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0001
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0001
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0002
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0002
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0002
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0003
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0003
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0003
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0003
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0004
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0004
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0004
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0005
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0005
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0006
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0006
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0007
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0007
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0008
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0008
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0008
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0009
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0009
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0009
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0010
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0010
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0010
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0011
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0011
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0012
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0012
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0012

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

16

Taha NM, Asklany HT, Mahmoud AH, et al. Retinal fluorescein angiography: A sen-
sitive and specific tool to predict coronary slow flow. Egypt Heart J 2018;70:167-71.
Zhao ZW, Ren YG, Liu J. Low Serum Adropin Levels are Associated with Coronary
Slow Flow Phenomenon. Acta Cardiol Sin 2018;34:307-12.

Su Q, Yang H, Li L. Circulating miRNA-155 as a Potential Biomarker for Coronary
Slow Flow. Dis Markers 2018;2018:6345284.

Mani P, Puri R, Schwartz GG, et al. Association of Initial and Serial C-Reactive Pro-
tein Levels With Adverse Cardiovascular Events and Death After Acute Coronary
Syndrome: A Secondary Analysis of the VISTA-16 Trial. JAMA Cardiol 2019;4
(4):314-20.

Jung CH, Lee WY, Kim BY, et al. The risk of metabolic syndrome according to the white
blood cell count in apparently healthy Korean adults. Yonsei Med J 2013;54:615-20.

Seo HS. The role and clinical significance of high-sensitivity C-reactive protein in
cardiovascular disease. Korean Circ J 2012;42:151-3.

LiN, Li S, Yu C, Gu S. Plasma Lp-PLA2 in acute coronary syndrome: association with
major adverse cardiac events in a community-based cohort. Postgrad Med 2010;122:200-5.
Cai A, Li G, Chen J, Li X, Li L, Zhou Y. Increased serum level of Lp-PLA2 is inde-
pendently associated with the severity of coronary artery diseases: a cross-sectional
study of Chinese population. BMC Cardiovasc Disord 2015;15:14.

Mehta HH, Morris M, Fischman DL, et al. The Spontaneous Coronary Slow-Flow Phe-
nomenon: Reversal by Intracoronary Nicardipine. J Invasive Cardiol 2019;31:42-5.
Chung H, Kwon HM, Kim JY, et al. Lipoprotein-associated phospholipase A, is
related to plaque stability and is a potential biomarker for acute coronary syndrome.
Yonsei Med J 2014;55:1507-15.

Jabor B, Choi H, Ruel I, Hafiane A, Mourad W, Genest J. Lipoprotein-associated
phospholipase A(2) (Lp-PLA(2)) in acute coronary syndrome: relationship with low-
density lipoprotein cholesterol. Can J Cardiol 2013;29:1679-86.

Zheng D, Zeng F, Cai A, et al. Baseline elevated Lp-PLA2 is associated with
increased risk for re-stenosis after stent placement. Lipids Health Dis 2014;13:41.
Sofogianni A, Alkagiet S, Tziomalos K. Lipoprotein-associated Phospholipase A2
and Coronary Heart Disease. Curr Pharm Des 2018;24:291-6.

Wang J, Ai X, Li L, et al. Alprostadil protects type 2 diabetes mellitus patients treated
with metformin from contrast-induced nephropathy. Int Urol Nephrol 2017;49:2019-26.
Perk J, De Backer G, Gohlke H, et al. [European Guidelines on Cardiovascular Dis-
ease Prevention in Clinical Practice (version 2012). The Fifth Joint Task Force of the
European Society of Cardiology and other societies on cardiovascular disease preven-
tion in clinical practice (constituted by representatives of nine societies and by invited
experts)]. G Ital Cardiol (Rome). 2013;14:328-92.

Ballantyne CM, Hoogeveen RC, Bang H, et al. Lipoprotein-associated phospholipase
A2, high-sensitivity C-reactive protein, and risk for incident coronary heart disease in
middle-aged men and women in the Atherosclerosis Risk in Communities (ARIC)
study. Circulation 2004;109:837-42.

Curr Probl Cardiol, March 2021


http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0013
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0013
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0014
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0014
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0015
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0015
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0016
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0016
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0016
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0016
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0017
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0017
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0018
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0018
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0019
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0019
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0020
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0020
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0020
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0021
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0021
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0022
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0022
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0022
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0023
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0023
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0023
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0024
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0024
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0025
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0025
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0026
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0026
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0027
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0027
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0027
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0027
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0027
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0028
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0028
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0028
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0028

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Hassan M. STABILITY and SOLID-TIMI 52: Lipoprotein associated phospholipase
A2 (Lp-PLA2) as a biomarker or risk factor for cardiovascular diseases. Glob Cardiol
Sci Pract 2015;2015:6.

Sairam SG, Sola S, Barooah A, et al. The role of Lp-PLA2 and biochemistry parame-
ters as potential biomarkers of coronary artery disease in Asian South-Indians: a case-
control study. Cardiovasc Diagn Ther 2017;7:589-97.

Younus A, Humayun C, Ahmad R, et al. Lipoprotein-associated phospholipase A2
and its relationship with markers of subclinical cardiovascular disease: A systematic
review. J Clin Lipidol 2017;11:328-37.

Wang Y, Li SS, Na SP, et al. Characterization of Lipoprotein-associated Phospholi-
pase A2 in Serum in Patients With Stage 3-5 Chronic Kidney Disease. Am J Med Sci
2016;352:348-53.

Canning P, Kenny BA, Prise V, et al. Lipoprotein-associated phospholipase A2 (Lp-
PLA2) as a therapeutic target to prevent retinal vasopermeability during diabetes.
Proc Natl Acad Sci U S A 2016;113(26):7213-8.

Acosta S, Taimour S, Gottsater A, et al. Lp-PLA2 activity and mass for prediction of
incident abdominal aortic aneurysms: A prospective longitudinal cohort study. Ath-
erosclerosis 2017;262:14-8.

Sakka S, Siahanidou T, Voyatzis C, et al. Elevated circulating levels of lipoprotein-asso-
ciated phospholipase A2 in obese children. Clin Chem Lab Med 2015;53:1119-25.
Seyfarth J, Reinehr T, Hoyer A, et al. Lipoprotein-associated phospholipase A2 activ-
ity in obese adolescents with and without type 2 diabetes. J Inherit Metab Dis
2018;41:73-9.

Yeo A, Li L, Warren L, et al. Pharmacogenetic meta-analysis of baseline risk factors,
pharmacodynamic, efficacy and tolerability endpoints from two large global cardio-
vascular outcomes trials for darapladib. PLoS One 2017;12:e0182115.

Ongen B, Kalkan US, Levent E, et al. Lipoprotein-associated phospholipase A2: a
new marker to determine cardiovascular risk in hypercholesterolemic dyslipidaemic
children. Ann Clin Biochem 2017;54:539-47.

Curr Probl Cardiol, March 2021 17


http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0029
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0029
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0029
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0030
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0030
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0030
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0031
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0031
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0031
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0032
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0032
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0032
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0033
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0033
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0033
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0034
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0034
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0034
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0034
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0035
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0035
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0036
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0036
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0036
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0037
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0037
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0037
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0038
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0038
http://refhub.elsevier.com/S0146-2806(20)30073-6/sbref0038

	Elevated Lipoprotein-Associated Phospholipase A2 is Valuable in Prediction of Coronary Slow Flow in Non-ST-Segment Elevation Myocardial Infarction Patients
	Introduction
	Methods
	Study Population and Group Division
	Inclusion and Exclusion Criteria
	Demographic Data and Clinical Features
	Laboratory Analysis
	Calculation of CTFC
	Definition of Coronary Slow Flow (CSF)
	Statistical Analysis

	Results
	Coronary Flow Influential Factors Comparison between NSTEMI and UAP Group
	Comparison of Coronary Flow Influential Factors in Lp-PLA2 Tertile Groups by NSTEMI Patients
	Correlation Analysis Results of Lp-PLA2 and hsCRP, NT-proBNP, MPV, CTFC
	Multivariable Linear Regression Analysis of Coronary Flow in NSTEMI Group
	ROC Analysis of Lp-PLA2 with Coronary Slow Flow Separately in NSTEMI and UAP Patients

	Discussion
	Conclusions
	Declarations
	Consent for Publication
	Availability of Data and Material
	Authors' Contributions

	Acknowledgments
	References


