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ABSTRACT

Background: Kawasaki disease (KD) is an inflammatory
disease associated with coronary vasculitis in children. In
this study, we explored the correlation between Lipoprotein
associated phospholipase A2 (Lp-PLA2) and coronary artery
lesions (CAL) in children with KD.

Methods: Ninety-three children with KD were divided
into a normal coronary artery (NCA, 54 cases) group and
coronary artery lesions (CAL, 39 cases) group, according
to the results of echocardiography. Another 42 healthy chil-
dren were selected as the control group. The serumal levels
of Lp-PLA2, Interferon-y(IFN-y) and Interleukin-6 (IL-6)
were determined by using an enzyme-linked immunosorbent
assay. In addition, erythrocyte sedimentation rate (ESR) and
serum C-reactive protein (CRP) level were analyzed. The
left main coronary artery (LMCA), diameters of left anterior
descending coronary artery (LADC), right proximal coronary
artery (PRCA), and carotid intima-media thickness (IMT)
were obtained by color Doppler ultrasound. The correlation
between the above indexes and KD was analyzed.

Results: The levels of white blood cell counts (WBC),
ESR, CRP, IFN-y, IL-6 and Lp-PLA2 as well as IMT were
significantly increased in KD children (P < 0.05), and the
levels of CRP, IFN-y, IL-6 and Lp-PLA2 as well as IMT in
the CAL group increased more significantly (P < 0.05). An
increasing trend also has been described in the diameters
of LMCA, LADC and PRCA for KD children with CAL
compared with with NCA. The results of logistic regression
analysis showed that the elevated levels of CRP, IFN-y, IL-6
and Lp-PLA2 were independent risk factors for KD with
CAL. Correlation analysis showed that Lp-PLA2 level was
positively correlated with the levels of IFN-y, IL-6 and CRP
in CAL group and NCA group (respectively, all P < 0.01).
In addition, a similar correlation was also described between
Lp-PLA2 level and the diameters of LMCA, LADC and
PRCA in CAL group (respectively, all P < 0.01).
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Conclusion: Lp-PLA2 may participate in the pathological
mechanism of KD. Detection of the serum Lp-PLA2 level
can be used in the diagnosis of KD disease and the assessment
of coronary artery lesions in KD children.

INTRODUCTION

Kawasaki disease (KD) is a kind of inflammatory disease
associated with coronary vasculitis in children that mainly
involves medium-sized arteries. The main symptoms are
fever, conjunctivitis, skin and mucosa lesions, cervical lymph
node enlargement [Hedrich 2018]. It is the most common
cause of child-acquired heart disease in developed countries.
At present, the etiology of KD is not clear [Menikou 2019]. A
study has shown that KD may be complicated with aneurysms,
coronary thrombosis, and myocardial infarction [McCrindle
2017]. Early diagnosis and treatment can improve the prog-
nosis. Lipoprotein associated phospholipase A2 (Lp-PLA2),
as a marker of vascular inflammation, is closely related to the
occurrence and development of atherosclerotic cardiovascu-
lar disease [Choi 2018]. By analyzing the changes of serum
Lp-PLA2 level in children with KD, this study aims to explore
the correlation between Lp-PLA2 and coronary artery lesions
(CAL) in children with KD and to provide theoretical basis for

clinical diagnosis and treatment of KD.

MATERIALS AND METHODS

General data: Ninety-three children with KD admitted to
the First Affiliated Hospital of Xi'an Jiaotong University from
January 2015 to January 2019 were divided into two groups
— the normal coronary artery (NCA) group (N = 54) and coro-
nary artery lesions (CAL) group (N = 39) on the basis of the
results of echocardiography. In the CAL group, the diameter
of coronary artery was > 2.5 mm in children younger than 3
years old, 2 3.0 mm in children age 3-9 years old, and > 3.5
mm in children over 9 years. In the NCA group, the diameter
of coronary artery was less than 2.5 mm in children under 3
years old, less than 3.0 mm in children between 3 and 9 years
old, and less than 3.5 mm in children over 9 years. The CAL
group included 30 patients with small coronary artery aneu-
rysms (coronary artery diameter < 4 mm), five patients with
middle coronary artery aneurysms (coronary artery diameter
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between 4 and 8 mm), and four patients with giant coronary
artery aneurysms (coronary artery diameter > 8 mm).

Exclusion criteria included infectious mononucleosis,
sepsis, scarlet fever, Steven Johnson syndrome, with typical
cardiovascular complications. Another 30 healthy children in
the same period were selected as the control group. There
was no significant difference in gender, age, and body mass
index among the three groups (P > 0.05). (Table 1)

Diagnosis of disease: The diagnostic criteria of Kawa-
saki disease refer to the 2017 AHA KD diagnostic guidelines
[McCrindle 2017]. The diagnostic criteria of coronary artery
dilatation refer to the clinical treatment recommendations of
Kawasaki disease complicated with coronary artery disease in
2012 [Biscetti 2019].

Methods: The clinical data of participants were collected,
including gender, age, and body mass index. The serumal
levels of Lp-PLA2, IFN-yand IL-6 were determined by using
an enzyme-linked immunosorbent assay method, according
to manufacturers’ specifications (Lp-PLA2: kangerke Bio-
technology Co., Ltd., Tianjin, China; IFN-y and IL-6: R&D
Systems, Minneapolis, MN, USA). Routine blood tests were
performed by Sysmex XN-2000 instrument (Sysmex, Kobe,
Japan). ESR was performed with a commercially available
kit using the Wintrobe method (Winpette, Guest Scientific
AG, Switzerland). CRP level was measured by an immuno-
turbidimetric assay using a Modular P800 automatic analyzer
(Roche Diagnostics GmbH, Mannheim, Germany).

Specimen collection: Eight ml of fasting venous blood
were collected from all participants and 5 ml were centri-
fuged at 3 000 R/min for 10 min. The serum was separated
and stored at -20°C for analysis of CRP, IFN-y, IL-6, and
Lp-PLA2. Another 3 ml were used for white blood cell counts
(WBC) and ESR analysis.

Color Doppler ultrasound analysis: All participants
underwent routine echocardiography (Vivid7 Dimension,
General Electric Company, Boston, MA, USA). When the
children were asleep or in a quiet state, the standard cross sec-
tions of the heart in the infraxiphoid fossa, apical fossa, para-
sternal fossa, and suprasternal fossa routinely were explored,
and the diameters of left main coronary artery (LMCA),
left anterior descending coronary artery (LADC) and right
proximal coronary artery (PRCA) were measured. If coronary
artery aneurysms were found, the diameter and length of the
aneurysms were measured (at least three times, the average
value was taken), and the thrombosis was noted.

Carotid ultrasonography: One year after the onset of KD,
the children underwent carotid ultrasound examination. Color
Doppler ultrasound was used to observe the vascular condition
of the left and right common carotid artery trunk (2 cm before
bifurcation), carotid bifurcation and internal carotid artery (1
cm before bifurcation). The posterior wall of the artery showed
a "double line" image. The inner line was the boundary between
the intima and lumen, and the outer line was the boundary
between the medial and adventitia. The average value of the
three points on the left and right sides was taken as the left and
right IMT, respectively, and the larger value on both sides was
taken as the IMT. The IMT data of KD children were com-
pared with those of age and gender matched normal controls.

E612

Figure 1. Left coronary artery dilatation. LMCA, left main coronary
artery; LADC, left anterior descending coronary artery

Figure 2. Giant aneurysm-like dilation of left and right coronary arteries
in children with KD. LMCA, left main coronary artery; LADC, left ante-
rior descending coronary artery; PRCA, right proximal coronary artery

Statistical analysis: Graphpad Prism 5 (GraphPad Soft-
ware, Inc., La Jolla, Calif., USA) was used to analyze the
data. The normality test was analyzed by Kolmogorov-
Smirnov. The measurement data of normal distribution was
expressed as mean + Standard deviation v+s). Measurement
data were compared by independent sample t-test, one-way
ANOVA with post-hoc Tukey’s test. Count data were com-
pared by chi square test. Correlation analysis was performed
by Pearson method. Logistic regression was used to estab-
lish the relationship model between dependent variables and
risk factors, and the results were expressed as an odds ratio
(OR) with a 95% confidence interval (CI). Receiver oper-
ating characteristic curve (ROC curve) was established to
evaluate the predictive value of Lp-PLA2 in the diagnosis of
KD or with CAL. The difference was statistically significant
(P <0.05).
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Table 1. Comparison of general data among the groups

Items Control group (N = 30) NCA group (N = 54) CAL group (N = 39) P-value
Male (cases) 18 33* 244 >0.05
Age (*+s, months) 36.29+13.53 35.32+14.12 35.66+13.97*# >0.05
Body mass index (Xts, kg/m?2) 14.63+3.19 14.36+3.02* 14.15+3.37*# >0.05
*P value > 0.05, Compared with the control group; #P value > 0.05, Compared with NCA group

Table 2. Comparison of coronary artery diameters among three groups (*+s, mm)

Items Control group (N = 30) NCA group (N = 54) CAL group (N = 39) P-value
LMCA 2.48+0.23 2.51+0.23 3.12+0.25%# <0.01
LADC 2.30+0.21 2.34+0.20 2.95+0.23*# <0.01
PRCA 2.29+0.20 2.33+0.21 2.91+0.22%# <0.01
IMT 0.420+0.017 0.447+0.020* 0.471+0.024*# <0.05

*P value < 0.05, Compared with the control group; #P value < 0.05, Compared with NCA group. CAL, coronary artery lesions; NCA, normal coronary artery;

LMCA, left main coronary artery; LADC, left anterior descending coronary artery; PRCA, right proximal coronary artery; IMT, carotid intima-media thickness

Table 3. Comparison of coronary artery diameters in different age groups between the CAL group and control group (*+s,mm)

Ages Groups Cases LMCA LADC PRCA
<3% Control group 18 2.26+0.17 2.09+0.15 2.08+0.16
CAL group 21 2.83+0.23 2.65+0.21 2.63+0.20

P-value - <0.01 <0.01 <0.01
3~9% Groups 10 2.73+0.22 2.55+0.20 2.53+0.20
CAL group 15 3.37+0.25 3.21+0.23 3.20+0.22

P-value - <0.01 <0.01 <0.01
>9 Control group 2 3.19+0.25 3.01+0.23 2.99+0.21
CAL group 3 3.97+0.26 3.83+0.25 3.81+0.25

P-value - <0.01 <0.01 <0.01

CAL, coronary artery lesions; NCA, normal coronary artery; LMCA, left main coronary artery; LADC, left anterior descending coronary artery; PRCA, right

proximal coronary artery; IMT, carotid intima-media thickness

RESULTS

Echocardiographic diagnosis analysis for KD: Among
the 93 children with Kawasaki disease, 54 cases (58.07%) in
the NCA group and 39 cases (41.93%) in the CAL group
were detected by echocardiography. In the CAL group,
there were 14 cases of left coronary artery dilatation, nine
cases of right coronary artery dilatation, 12 cases of bilateral
coronary artery dilatation, and four cases of giant coronary
artery aneurysm (three cases were located in the initial seg-
ment of right coronary artery and 1 case was located in the
initial segment of left coronary artery). The left coronary
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artery dilation was shown in Figure 1. (Figure 1) The diam-
eter of giant coronary artery aneurysm was shown in Figure
2. (Figure 2)

The diameters of LMCA, LADC and PRCA in the CAL
group were significantly higher than those in the NCA group
and control group (P < 0.05), and a similar trend was described
from the different age groups between the CAL group and
control group (P < 0.05), but there were no significant differ-
ences between the NCA group and control group (P > 0.05).
Moreover, IMT of the control group, NCA group and CAL
group also showed a gradually increasing trend (P < 0.05).
(Table 2) (Table 3) (Figure 3)
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Laboratory analysis for KD: The levels of WBC, ESR,
CRP, IFN-y, IL-6, and Lp-PLA2 were significantly increased
in KD children (P < 0.05), and the levels of CRP, IFN-y, IL-6
and Lp-PLA2 in the CAL group increased more significantly
(P < 0.05) (Figure 3). (Table 4)

Logistic regression: Logistic regression analysis showed
that the elevated CRP level (OR =3.54,95% CI: 1.273-6.944,
P <0.05), the elevated IFN-ylevel (OR =1.50,95% CI: 1.712-
8.629, P < 0.05), the elevated IL-6 level (OR =4.55,95% CI:
3.175-19.210, P < 0.01), and the elevated Lp-PLA2 level (OR
= 3.54, 95% CI: 2.022-10.320, P < 0.01) were independent

risk factors for KD with CAL.
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Correlation analysis: Correlation analysis showed that
Lp-PLA2 level was positively correlated with the levels of
IFN-y, IL-6, and CRP in the CAL group and NCA group
(respectively, all P < 0.01). In addition, a similar correlation
also was described between Lp-PLA2 level and the diameters
of LMCA, LADC and PRCA in the CAL group (respectively,
all P < 0.01). (Figure 4)

ROC curve analysis: The AUC of serum Lp-PLA?2 in the
diagnosis of KD was [0.891 (95% CI: 0.798-0.983, P < 0.01)],
and the sensitivity and specificity were 94.59% and 91.89%,
respectively. The AUC of Lp-PLA?2 in the diagnosis of KD
with CAL was [0.889 (95% CI: 0.801-0.977, P < 0.01)], and the
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I CAL group
2 30 *
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9
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0-
N v L
Items

Figure 3. Laboratory analysis for KD. *P value < 0.05, compared with the control group (SNK-q test); #P value <0.05, compared with NCA group (SNK-q
test). Lp-PLA2, Lipoprotein associated phospholipase A2; CAL, coronary artery lesions; NCA, normal coronary artery; IFN-y, Interferon-y; IL-6, Interleu-
kin-6; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; LMCA, left main coronary artery; LADC, left anterior descending coronary artery;

PRCA, right proximal coronary artery; IMT, carotid intima-media thickness

Table 4. Laboratory analysis for KD (*+s)

Items Control group (N = 30) NCA group (N = 54) CAL group (N = 39) P-value
Lp-PLA2 (ug/1) 75.37+6.16 123.67+17.29* 163.02+25.33*%# <0.01
IFN-y (pg/ml) 0.72+0.46 2.82+1.07* 4.33+£1.92%# <0.01
IL-6 (pg/ml) 11.43+3.57 22.45+5.71% 33.19+7.38*# <0.01
WBC (%10 9/1) 7.02+1.47 13.18+2.07* 13.73+2.09* <0.01
CRP (mg/1) 2.34+1.38 23.29+13.54* 44.51£19.26*# <0.01
ESR (mm/h) 3.63+1.49 46.37+12.34* 49.20+13.57* <0.01

*P value <0.05, Compared with the control group; #P value <0.05, Compared with NCA group. CAL, coronary artery lesions; NCA, normal coronary artery;

Lp-PLA2, Lipoprotein associated phospholipase A2; IFN-y, Interferon-y; IL-6, Interleukin-6; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein
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sensitivity and specificity were 87.18% and 92.31%, respec-
tively. (Figure 5) It is suggested that serum Lp-PLA2 level is of
clinical significance in the diagnosis of KD or KD with CAL.

Kawasaki disease is an acute inflammatory small and
medium artery vasculitis that is common in children under
5 years old [Nakamura 2010]. The pathogenesis of KD still
is unclear. Previous studies have shown that lipid metabolism
disorder may be related to the occurrence and development of
KD and can cause cholesterol deposition in vascular wall and
promote the formation of atherosclerotic plaque. The change
of lipid metabolism plays a leading role in the development of
atherosclerosis. Adipose tissue can secrete a variety of bioactive
inflammatory cytokines, which can promote the inflammatory
process of blood vessels in children with KD [Biscetti 2019;

Poznyak 2020]. Related reports showed that KD patients had
abnormal risk factors of atherosclerosis, and increased IMT
thickness was observed in KD patients with CAL, which is
considered to be the initial pathological change secondary to
atherosclerosis. Scholars suspect that the observed increase in
IMT may be caused by diffuse vasculitis, involving coronary
and noncoronary arteries in the acute phase [Noto 2009; Liu
2007]. In Meena's study [Meena 2014], IMT was measured
at least one year after KD onset, and the results showed that
IMT in the case group was higher than that in the normal
control group. It is suggested that the vascular wall damage is
persistent in KD children, and there is still persistent vascular
inflammation in the recovery period of KD. In this study, IMT
in the control group, NCA group, and CAL group showed a
gradually increasing trend. It is suggested that the IMT of KD
children is different from that of normal children of the same
age group, especially in the convalescent period, and the IMT
is related to the severity of KD.
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Figure 4. Correlation analysis of Lp-PLA2 (all P < 0.01). Lp-PLA2, Lipoprotein associated phospholipase A2; CAL, coronary artery lesions; NCA, normal
coronary artery; IFN-y, Interferon-y; IL-6, Interleukin-6; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; LMCA, left main coronary artery;
LADC, left anterior descending coronary artery; PRCA, right proximal coronary artery; IMT, carotid intima-media thickness
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Figure 5. ROC curve of serum Lp-PLA2 in the diagnosis of KD or KD with CAL. KD, Kawasaki disease; CAL, coronary artery lesions
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Lp-PLA2 is a newly discovered atherosclerosis related
vascular endothelial injury factor. It has been reported that
macrophages and neutrophils induce atherosclerotic plaque
to secrete excessive Lp-PLA2 into the blood circulation
[Macphee 2006]. Lp-PLA2 can specifically hydrolyze oxi-
dized phospholipids in subintimal low density lipoprotein
to produce pro-inflammatory substances, oxidized free fatty
acids and lysophosphatidylcholine (LysoPC). LysoPC seems
to represent most of the inflammatory effects derived from
Lp-PLA2 protein. It can target endothelial cells, smooth
muscle cells, monocytes/macrophages, T cells and neutro-
phils, and then affect cell viability, inflammatory cell release
and functional response of endothelial cells and smooth muscle
cells, and induce oxidative stress and immune response, thus
promoting the occurrence of inflammatory reaction [Zalewski
2005]. Due to proinflammatory effect and high distribution
in the blood for Lp-PLA2, it has been observed in epidemio-
logical studies that the elevated Lp-PLA2 level in plasma is
associated with many vascular diseases [Munzel 2009; Sid-
diqui 2018; Acosta 2017; Lehtinen 2017]. Compared with
other inflammatory markers, Lp-PLA2 is a cardiovascular
specific inflammatory marker and can be used as an indepen-
dent predictor of cardiovascular events [Chen 2017]. This
study found that the serum Lp-PLA2 level in KD children
was significantly higher than in the control group, and the
increase was more significant in the CAL group. In addition,
in this study, Lp-PLA2 level was positively correlated with
IMT. It is suggested that Lp-PLA2 may be involved in the
vascular lesions of KD children, which may be related to the
pathological mechanism of atherosclerosis. The increase of
Lp-PLA2 concentration may increase the risk of CAL in KD
children.

Most researchers believe that immune system disorder and
T cell dysfunction are the main pathophysiological character-
istics of KD patients [Matsubara 2005]. Studies have found that
inflammatory cytokines, such as IFN-y and IL-6 are involved
in the pathogenesis of KD and related to the occurrence of
coronary heart disease for KD [Wang 2020; Kobayashi 2004].
In the acute phase of KD, IL-6 signaling pathways are acti-
vated by monocytes in patients' blood [Leung 1986]. In the
KD mouse model induced by cell wall extract of Lactobacillus
casei, the increase of IL-6 has been confirmed to interrelate
with the pathogenesis of CAL [Yandie 2019]. Another study
has found that IFN-y plays a synergistic role in the occurrence
of coronary heart disease. The increase of IFN-y level and its
gene mutation may concern the occurrence of coronary heart
disease [Wang 2019]. Another recent study showed that the
IFN-y level of KD patients before intravenous immunoglob-
ulin treatment is significantly increased, and the IFN-y level
of patients with CAL is higher than that of patients without
CAL. Further analysis showed that IFN-y was related to the
occurrence of coronary artery aneurysms in KD patients
[Huang 2016]. A related report [Kobayashi 2006] consid-
ered that the incidence of coronary artery aneurysm in KD
patients with strong positive CRP was significantly increased.
In this study, the results of logistic regression analysis showed
that the elevated levels of CRP, IFN-y, IL-6, and Lp-PLA2
were independent risk factors for KD with CAL. Our further
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analysis showed that the levels of IFN-y, CRP, and IL-6 were
significantly increased in KD children, and CAL children
showed a significant increase trend, suggesting that IFN-y,
CRP and IL-6 were involved in the pathological progress of
KD. Furthermore, our results showed Lp-PLA2 level was
positively correlated with IFN-y, CRP, and IL-6 levels in
KD children, respectively. These were further confirmed that
Lp-PLA2 induced vascular lesions in KD children via inflam-
matory response, and the increased level of Lp-PLA2 could
promote the occurrence of CAL in children with KD.

Acute KD selectively involves coronary artery, although
it is only one of several moderate artery diseases affecting
children under 5 years old [Zhang 2020]. Acute KD vasculitis
affects not only coronary arteries, but also other arteries of
similar size. Many previous pathological studies have shown
that acute KD is a kind of acute systemic vasculitis with mul-
tiple organs [Amano 1979; Naoe 1991; Takahashi 2007]. The
typical CAL caused by KD is located in the proximal seg-
ment of the epicardial coronary artery. However, based on the
available evidence, the details of its distribution are not always
clear [Tsuda 2017]. At present, Lp-PLA2 has been used in the
diagnosis and treatment of cardiovascular diseases. A study
has shown that Lp-PLA2 concentration is closely related to
plaque vulnerability [Kolodgie 2006]. In a prospective cohort
study of patients undergoing carotid endarterectomy, the
expression of Lp-PLA2 in carotid plaques of patients with
cardiac events was higher than that of patients without car-
diac events [Herrmann 2009]. Lp-PLA2, as a biomarker of
oxidation and inflammation, is associated with increased risk
of coronary artery disease [Kobayashi 2006]. Children with
KD often have atypical signs and symptoms [Xue 2020].
Color Doppler echocardiography is an imaging technique
used to identify coronary artery abnormalities and evaluate
myocardial function. Coronary artery diameter is helpful in
the diagnosis of KD and CAL risk stratification [McCrindle
2018]. In this study, the results of ultrasound examination in
KD children showed that the diameters of LMCA, LADC,
and PRCA in the CAL group were significantly higher than
those in the NCA group and control group. A similar trend
was observed in KD children with CAL at different ages. Our
correlation analysis showed that the serum Lp-PLA2 level
of KD children with CAL was positively correlated with the
diameters of LMCA, LADC and PRCA, respectively.

Furthermore, the ROC curve analysis results showed that
Lp-PLA2 had good sensitivity and specificity for the diagno-
sis of KD and KD with CAL, suggesting that the detection of
Lp-PLA2 level could evaluate the severity of KD patients and
predict the occurrence and progress of CAL.

Our results suggest that increased Lp-PLA2 level in KD
children may be associated with the occurrence of KD.
Therefore, longitudinal Lp-PLA2 measurement can provide
a valuable tool to identify early CAL in children with KD.

Limitations of the study: There are some limitations in
the current study. First, this article did not analyze the blood
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lipid level of children with KD, due to the disorder of lipid
metabolism that may be related to the occurrence and devel-
opment of KD [Biscetti 2019]. Second, the study of single
index may have limitations in evaluating KD and CAL.
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