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Abstract

Obijective: To investigate the relationship between peroxisome proliferator-activated receptor
gamma (PPARy) mRNA, serum adiponectin (ADP) and lipids in paediatric patients with Kawasaki
disease (KD).

Methods: This prospective study enrolled paediatric patients with KD and grouped them
according to the presence or absence of coronary artery lesions (CAL). A group of healthy
age-matched children were recruited as the control group. The levels of PPARy mRNA, serum
ADP and lipids were compared between the groups. Receiver operating characteristic (ROC)
curve analysis was undertaken to determine if the PPARy mRNA level could be used as a pre-
dictive biomarker of CAL prognosis.

Results: The study enrolled 42 patients with KD (18 with CAL [CAL group] and 24 without
CAL [NCAL group]) and 20 age-matched controls. PPARy mRNA levels in patients with KD
were significantly higher than those in the controls; but significantly lower in the CAL group than
the NCAL group. ROC curve analysis demonstrated that the PPARy mRNA level provided good
predictive accuracy for the prognosis of CAL. There was no association between PPARy, ADP
and lipid levels.
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Conclusion: There was dyslipidaemia in children with KD, but there was no correlation with
PPARy and ADP. PPARy may be a predictor of CAL in patients with KD with good predictive

accuracy.
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Introduction

Kawasaki disease (KD) is an acute vasculi-
tis complicated by coronary artery abnor-
malities and it occurs mainly in infancy and
early childhood.'In the acute phase, coro-
nary artery lesions may cause coronary
artery stenosis or myocardial infarction.?
It is reported to be one of the major
causes of heart disease in children in devel-
oped countries.®> The long-term outcome of
KD depends on resolution and ongoing
cardiovascular pathology.* Recent studies
have shown that endothelial injury and ath-
erosclerosis may occur early in KD
patients, even in the chronic phase.>® KD
is considered to be an early risk factor for
atherosclerosis.”®*  Some studies have
reported that children with KD have lipid
abnormalities,”'® which usually occur
during the acute phase of KD. In some
cases of KD, the lipid abnormalities can
last for several years after an acute
episode."!

The key adipocyte-derived hormone adi-
ponectin (ADP) regulates lipid and glucose
metabolism.'*'>ADP is considered to be an
anti-inflammatory adipokine that protects
blood vessel walls.'* Peroxisome
proliferator-activated  receptor = gamma
(PPARY) is a transcription factor that par-
ticipates in the production of atheroma-
associated pro-inflammatory cytokines

such as tumour necrosis factor (TNF-y).'?
Furthermore, PPARY has been reported to
be involved in lipid metabolism.'® Studies
have confirmed that both PPARy and
ADP have anti-inflammatory and endothe-
lial protective effects.'” 2 The reduction in
the incidence of coronary artery lesions
(CAL) due to intravenous immunoglobulin
(IVIG) treatment, the preferred treatment
for KD, may be due to its anti-
inflammatory mechanisms.?’ PPARy and
ADP may be related to lipid abnormalities
and the formation and development
of CAL.'"'®

This current study hypothesized that
PPARY and ADP may directly or indirectly
influence the progression of KD and that
they might be potential predictors of CAL
in coronary artery disease. Therefore, the
levels of PPARY mRNA, serum ADP and
lipids in children with KD were compared
in order to investigate the relationship
between PPARy mRNA, serum ADP
and CAL.

Patients and methods

Patients

This prospective study consecutively
recruited all children that were diagnosed
KD that were admitted to the Department
of  Paediatrics, Affiliated  Shenzhen
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Maternity and Child Healthcare Hospital,
Southern Medical University, Shenzhen,
Guangdong Province, China between
October 2016 and July 2017. All of patients
met the fourth revised diagnostic criteria of
the Kawasaki Disease Research Committee
of Japan.?*> Any patients with metabolic dis-
eases were excluded from the study.
Patients that were lost to follow-up during
the acute, subacute and convalescent phases
were excluded from the final analyses. Age-
matched healthy children that attended for
physical examinations in the Department of
Child  Health, Affiliated Shenzhen
Maternity and Child Healthcare Hospital
were selected as controls.

All children of KD with CAL were diag-
nosed by echocardiography. A classifica-
tion of CAL on the basis of the Z-score
was adapted and recommended as fol-
lows:*> (1) normal: always <2; (2) mild
dilation: 2 to <2.5; or if initially <2, a
decrease in Z score during follow-up >1;
(3) small aneurysm: >2.5 to 5; (4) medium
aneurysm: > 5 to <10 and absolute dimen-
sion < 8mm; (5) large or giant aneurysm:
>10 or absolute dimension >8mm.
Echocardiography was performed within
2 weeks of disease onset or before IVIG
treatment. Patients with KD were divided
into two groups: patients with CAL and
patients without CAL. Acute KD patients
were limited to the pre-IVIG phase to avoid
treatment bias.

The study protocol was approved by the
Ethics Committee of the Affiliated
Shenzhen Maternity and Child Healthcare
Hospital (no. WJ[2015]127). Written or
verbal informed consent was obtained
from the parents or legal guardians of all
patients and healthy control subjects.

Biochemical measurements

Venous blood samples were collected at the
time of the clinical examinations during the
acute phase (during the first 10 days of

the disease course), subacute phase (days
11-20) and convalescent phase (days 21—
30). Venous blood samples (3 ml) were col-
lected and centrifuged in a high-speed freez-
ing centrifuge at 12 000 g for 15 min at 4°C
(Anhui USTC Zonkia Scientific
Instruments, Hefei, Anhui, China). The
serum was stored at —80°C until use. The
serum lipid levels, including triglycerides
(TG), total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C),
apolipoprotein A (Apo A), apolipoprotein
B (Apo B) and lipoprotein A (LPA), were
measured using an automated biochemical
analyser (UniCel DxC 800 chemistry analy-
ser; Beckman Coulter, Brea, CA, USA).

Analysis of PPARy mRNA levels
Total RNA was extracted using TRIzol®

reagent  (Thermo  Fisher  Scientific,
Rockford, IL, USA) according to the man-
ufacturer’s  instructions. A  Thermo

Scientific RevertAid H Minus First Strand
cDNA Synthesis Kit (Thermo Fisher
Scientific) was used to reverse transcribe
1 pg of total RNA. Quantitative polymerase
chain reaction (PCR) was performed on an
Applied Biosystems™ 7300 Real Time
PCR instrument (Applied Biosystems,
Foster City, CA, USA) and the levels of
mRNA were automatically quantified
using the in-built software based on auto-
matic baseline and threshold values. The
primer sequences for PPARYy were as fol-
lows: 5-AACTCCCTCATGGCCATTGA-
'3 (sense) and 5-CCTTGCATCCTTCA
CAAGCA-'3 (antisense). Primers for the
internal control B-actin were as follows:
5-GTGGGAATGGGTCAGAAGGA-'3

(sense) and 5-CTTCTCCATGTCGT
CCCAGT-'3 (antisense). The conditions of
the PCR product synthesis were as follows:
pre-denaturation at 95°C for 3 min, fol-
lowed by 40 cycles of denaturation at
95°C for 3 s, annealing at 60°C for 30 s,
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elongation at 60°C for 30 s, and followed
by a final elongation step at 40°C for 10
min. The same procedure was used to deter-
mine the transcriptional abundance of
B-actin ~ mRNA  (Shanghai  Generay
Biotech, Shanghai, China). At the same
time, the transcripts of [-actin mRNA
were determined as internal standard to
normalize the mRNA quantity of each
transcript. PCR products were analysed
using Sequence Detection Software, version
ABI7300 (Thermo Fisher Scientific). The
relative amount of PPARy mRNA com-
pared with that of B-actin was calculated
using the equation 2 22C,

Serum levels of ADP

The serum levels of ADP were assayed with
an enzyme-linked immunosorbent assay kit
(Reichel & Drews, Minneapolis, MN,
USA). Samples were prepared at the appro-
priate dilutions and paired samples were
assayed together according to the manufac-
turer’s instructions. The minimum detect-
able concentration of ADP was 25 ng/ml.
The intra- and inter assay coefficients of
variation for ADP were: 4.7% and 6.9%,
respectively.

Statistical analyses

All statistical analyses were performed using
the SPSS® statistical package, version 13.0
(SPSS Inc., Chicago, IL, USA) for
Windows®. Continuous data with a normal
distribution are expressed as mean =+ SD.
Categorical data were compared using x>
test. Differences in continuous data among
groups were assessed using Independent-
Samples T test and repeated measures anal-
ysis of variance. Pearson’s correlation anal-
ysis was used to test the correlation between
sequential parameters. A P-value < 0.05 was
considered statistically significant. A receiver
operating characteristic (ROC) curve was
constructed using the R language “pROC”

package (SPSS Inc.) and the area under the
curve (AUC) under the 95% confidence
interval was calculated. The PPARYy cut-off
value was determined by the point of opti-
mal specificity and sensitivity.

Results

This study enrolled 62 paediatric patients;
42 patients with KD and 20 age-matched
healthy control subjects. The flow of paedi-
atric patients and control subjects is pre-
sented Figure 1. Patients with KD were
divided into two groups: 18 patients with
CAL and 24 patients without CAL. There
were no significant differences in age, sex
distribution and body weight between the
three groups (Table 1).

The PPARy mRNA levels are presented
in Figure 2. The levels of PPARy mRNA in
patients with KD in either the acute, sub-
acute or convalescent phases were signifi-
cantly higher than that of the control
group (P <0.05 for all comparisons). The
level of PPARY mRNA was highest in the
acute phase in patients with KD.

The 42 children with KD included 18
patients with CAL (CAL group) and 24
patients without CAL (NCAL group). As
shown in Figure 3, regardless of the phase
of KD, the levels of PPARY mRNA in the
CAL group were significantly lower com-
pared with the NCAL group (P <0.05 for
all comparisons).

The serum levels of ADP, TC, HDL-C,
LDL-C and Apo A during the acute phase
in patients with KD were significantly lower
compared with the control group (P <0.05
for all comparisons) (Table 2). During the
subacute phase, the levels of ADP and
HDL-C in patients with KD were signifi-
cantly lower compared with the control
group (P<0.05 for both comparisons);
and the TG level was significantly increased
compared with the control group
(P <0.05). During the convalescent phase,
the levels of ADP and LDL-C in patients



Zhang et al.

n=§3

Total recrurtment

Patieats with KD
n =63

kA,

Follow-up three occasions in the acute phase (dunng the
first 10 days of the discase course), subacute phase (days
11-20) and coavalescent phase (days 21-30)

Patients lost to follow-up

n=21

Patients completed follow-up
n=42

Patients with CAL

Patients with NCAL
n=18 n=24

Control subjects
n =20

Figure |. Flow chart of the selection and recruitment of patients with Kawasaki disease (KD) and the
healthy age-matched control paediatric subjects. CAL, coronary artery lesions; NCAL, no coronary artery

lesions.

Table I. Clinical and demographic characteristics of patients with Kawasaki disease stratified according to
the presence or absence of coronary artery lesions compared with healthy control subjects.

Patients with CAL

Patients with NCAL Control subjects

Characteristic n=18 n=24 n=20
Age, years 1.89 4+ 1.53 1.58 4+ 1.06 1.75+1.16
Sex
Male 14 (77.8%) 14 (58.3%) 14 (70.0%)
Female 4 (22.2%) 10 (41.7%) 6 (30.0%)
Body weight, kg 11.79 £3.81 11.75+3.01 12.29 £ 3.67

Data presented as mean =+ SD or n of patients (%).
No significant between-group differences (P > 0.05).

CAL, coronary artery lesions; NCAL, no coronary artery lesions.

with KD were significantly lower compared
with the control group (P <0.05 for both
comparisons); and the Apo A level was sig-
nificantly increased compared with the con-
trol group (P <0.05). The levels of LPA
during the acute and subacute phases were
significantly increased in patients with KD

compared with the control group (P < 0.05
for both comparisons).

When comparing patients in the acute
phase, patients with KD in the NCAL
group had significantly lower levels of
ADP and significantly higher levels of
HDL-C than those with CAL (CAL
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Figure 2. Levels of peroxisome proliferator-acti-
vated receptor gamma (PPARy) mRNA in patients
with Kawasaki disease (KD) stratified according to
the phase of the disease compared with the healthy
age-matched control paediatric subjects. Data pre-
sented as mean £ SD. *P < 0.05, compared with the
control group; Independent-Samples T test.

group) (P<0.05 for both comparisons)
(Table 3). During the subacute phase, the
NCAL group had significantly higher
levels of TG compared with those in the
CAL group (P <0.05). During the conva-
lescent phase, the NCAL group had signif-
icantly lower levels of ADP and
significantly higher levels of TG compared
with the CAL group (P<0.05 for both
comparisons).

As there was a significant difference in
the levels of PPARYy mRNA between the
CAL and NCAL groups (Figure 3), the
study investigated whether the PPARy
mRNA level could be used as a predictive
biomarker of CAL prognosis. A ROC
curve analysis demonstrated that the
PPARY mRNA level provided good predic-
tive accuracy for the prognosis of CAL,
particularly in the acute and subacute
phases (Figure 4). The sensitivity was
94.7% and the specificity was 91.3% at a
cut-off value of 1.8 during the acute phase.
The sensitivity was 89.5% and the specific-
ity was 87.0% at a cut-off value of 1.6
during the subacute phase.

NCAL
E=3 CAL

Subacute Convalescent

Figure 3. Levels of peroxisome proliferator-acti-
vated receptor gamma (PPARy) mRNA in patients
with Kawasaki disease (KD) stratified according to
the presence or absence of coronary artery lesions.
CAL, coronary artery lesions; NCAL, no coronary
artery lesions. Data presented as mean =+ SD.

*P < 0.05, compared with the NCAL group;
Independent-Samples T test.

Pearson’s correlation analysis demon-
strated that there was no significant associ-
ation between the levels of serum lipids,
ADP and PPARY mRNA (Table 4).

Discussion

This current study demonstrated that the
levels of PPARY mRNA in patients with
KD were significantly increased in the
acute, subacute and convalescent phases
compared with the control group. After fur-
ther subgroup analysis, the level of PPARY
mRNA in patients with CAL was signifi-
cantly lower than in patients with NCAL
regardless of the phase of KD. ROC curve
analysis was undertaken to determine
whether the level of PPARY mRNA could
help to predict the prognosis of CAL. The
results showed high predictive accuracy in
the acute and subacute phases. The levels of
serum ADP in the patients in the three
phases of KD were significantly lower
than that of the control group. Subgroup
analyses based on the presence of CAL
demonstrated that the serum ADP levels
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Table 2. Serum lipid and adiponectin (ADP) levels of patients with Kawasaki disease stratified according to
the phase of the disease compared with healthy control subjects.

Phase of Kawasaki disease

Acute Subacute Convalescent  Control subjects  Statistical
Biochemical parameter n=42 n=42 n=42 n=20 analysis®
ADP, pg/ml 526+233* 581 £233* 778+£232* 9.05+20I P<0.001
Total cholesterol, mmol/l 321 £0.75%  425+1.17  4.11+0.93 4.18+0.28 P=0.004
Triglycerides, mmol/l 1.13£047 1.45+0.61*% 0.90+0.45 1.03+£0.15 P=0.001
HDL-C, mmol/l 0.58+£0.31*  0.79+£030%* 1.09+0.38 1.03+£0.13 P=0.002
LDL-C, mmol/l 203+£077¢  277+£078  240+0.69* 2694034 P<0.001
Apo A, g/l 0.83 £ 0.45* 1.224+0.47 |.41 +0.46* 1.224+0.08 P=0.002
Apo B, g/l 0.84+£0.31 095+027 0.80+0.30 0.97+ 0.10 NS
LPA, mg/dl 1827 +6.01* 13.6 +£5.8* 127 +45 124453 P=0.001

Data presented as mean =+ SD.

*P < 0.05 versus the control group; differences were assessed using repeated measures analysis of variance.
?Differences in continuous data among groups were assessed using repeated measures analysis of variance.
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; Apo, apolipoprotein; LPA,
lipoprotein A; NS, no significant between-group difference (P > 0.05).

in the CAL group were significantly higher
than those of the NCAL group in the acute
and convalescent phases. The levels of ADP
in the subacute phase in the CAL group was
higher than the NCAL group, but it did not
reach statistical significance, possibly due to
the small sample size. These results suggest
that PPARYy and ADP may play important
roles in the progression of KD.

Kawasaki disease is an acute, self-
limiting febrile illness. Although the aetiol-
ogy is unknown, KD is generally recognized
to be complex due to the activation of
inflammatory responses.™** IVIG is the
most common and important treatment
for KD and it may reduce the incidence of
CAL due to its anti-inflammatory effects.”'
PPARY is a transcription factor that has
been shown to be associated with anti-
inflammatory responses and lipogenesis.**
In this current study, the levels of PPARYy
mRNA in the acute, subacute and conva-
lescent phases in the NCAL group were
upregulated compared with those of the
CAL group. The ROC curve analysis dem-
onstrated that the levels of PPARY mRNA

had good predictive accuracy for CAL
prognosis. A recent study found that
PPARY may play an important role in the
early onset of atherosclerosis in KD
patients.!” PPARYy agonists (e.g. pioglita-
zone) may disturb monocyte collection,
smooth muscle cell multiplication and cho-
lesterol efflux from macrophages.* In the
PERISCOPE trial, compared with glime-
piride, pioglitazone significantly reduced
the progression rate of coronary atheroscle-
rosis in patients with type 2 diabetes.*>*® A
previous study reported that PPARy ago-
nist can inhibit the production of monocyte
inflammatory cytokines.?’” In our opinion,
PPARy may be a protective factor and
has an anti-inflammatory effect in KD.

A previous study reported that the
changes in cholesterol and lipoprotein pro-
files in the late stages of KD were similar to
the formation of  atherosclerosis.”®
Atherosclerosis is the most common lesion
resulting in coronary heart disease and it is
affected by many factors, such as high
plasma LDL-C concentration, blood sugar
level, inflammation and oxidative stress, all
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Figure 4. A receiver operating characteristic (ROC) curve analysis of the prognostic value of peroxisome
proliferator-activated receptor gamma mRNA levels in patients with Kawasaki disease stratified according to
the phase of the disease. Acute phase cut-off value of 1.8; subacute phase cut-off value of 1.6; convalescent
phase cut-of value of 2.2. AUC, area under the curve.

Table 4. Pearson’s correlation analysis of the potential association between the levels of peroxisome
proliferator-activated receptor gamma (PPARy) mRNA and serum lipid and adiponectin (ADP) levels of

patients with Kawasaki disease with coronary artery lesions.

Biochemical parameter

PPARy mRNA level

Phase of Kawasaki disease

Acute

Subacute

Convalescent

ADP, ug/ml

Total cholesterol, mmol/I
Triglycerides, mmol/l
HDL-C, mmol/l

LDL-C, mmol/l

Apo A, g/l

Apo B, g/l

LPA, mg/dI

0.174 (P=0.489)
~0.319 (P=0.197)
0.387 (P=0.113)
0.132 (P=0.601)
0219 (P=0.382)
~0.293 (P=0.239)
-0.07 (P=0.782)
0.138 (P=0.585)

0.286 (P=0.250)
0.156 (P=0.535)
~0.006 (P=0.981)
~0.053 (P=0.835)
0.186 (P=0.460)
~0.323 (P=0.191)
0.147 (P=0.561)
-0.157 (P=0.533)

~0.149 (P=0.555)
0.274 (P=0.272)
0.248 (P=0.321)
0.073 (P=0.772)
0.437 (P=0.07)
0.356 (P=0.148)
0.473 (P=0.047)
0.144 (P=0.567)

Data presented as correlation coefficient (P-value).
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; Apo, apolipoprotein; LPA,

lipoprotein A.

of which have been shown to be closely
related to PPARYy.” Patients with KD
may have lower HDL-C, higher TG and/
or higher LDL-C.'*?%3%32Although the
current study showed that children with
KD had dyslipidaemia, it did not find a
relationship between the elevated PPARY
and lipids. An anti-inflammatory effect
might be the main role of PPARY in the
progression of KD.

In this current study, the serum ADP
levels of patients with KD in the acute, sub-
acute and convalescent phases were signifi-
cantly lower than that of the healthy
control group. During the acute period,
the ADP level in the CAL group was signif-
icantly higher than that of the NCAL
group. Previous research has reported that
ADP exists in aortic endothelium and may
play a protective role in the development of
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atherosclerosis.*® Increased ADP levels are
significantly associated with increased cor-
onary heart disease, cardiovascular disease
and overall mortality,** so ADP may have a
negative effect on KD. However, ADP is
considered to be a multifaceted biomarker
that has anti-inflammatory effects,® so it
may be beneficial in KD. In our opinion,
ADP might have multiple roles in the path-
ological processes involved in KD, includ-
ing both positive and negative effects. Both
ADP and PPARY disorders are associated
with metabolic disorders,* although this
current study did not find a relationship
between ADP, PPARY and the lipids that
were recorded.

This current study had several limita-
tions. Firstly, the study concentrated on
the influences of each adipokine on KD
without further investigate of the mecha-
nisms involved. Secondly, the data were
confined to a limited number of samples
and the study participants were from a
very small local geographical region.

In conclusion, the current preliminary
data suggest that PPARYy may be a predic-
tor of CAL in patients with KD with good
predictive accuracy, but further research
with a larger sample size from multiple
centres will be needed to confirm these
findings.

Acknowledgements

The authors acknowledge Dr Xing Lin from
Guangxi Medical University for critical reading
of the manuscript.

Declaration of conflicting interest

The authors declare that there are no conflicts of
interest.

Funding

This research received no specific grant from any
funding agency in the public, commercial, or
not-for-profit sectors.

Authors’ contributions

J.Z. conceptualized and designed the study,
designed data collection instruments, carried
out data collection and initial analyses, and
drafted the initial manuscript, and approved
the final manuscript as submitted. M.H. carried
out data collection, reviewed and revised the
manuscript and approved the final manuscript
as submitted. Y.Z. and H.P. designed data col-
lection instruments, carried out the initial analy-
sis, reviewed and revised the manuscript and
approved the final manuscript as submitted. P.
L. and L.W. designed data collection instru-
ments, reviewed and revised the manuscript
and approved the final manuscript as submitted.
S.G. and G.D. helped interpret data, critically
reviewed and revised the manuscript and
approved the final manuscript as submitted.

ORCID iDs

Ji-Yong Zhang (® https://orcid.org/0000-0001-
7880-1711
Guo-Qing Dong (@ https://orcid.org/0000-0002-
3791-1700

References

1. Yanagawa H, Nakamura Y, Yashiro M,
et al. Update of the epidemiology of
Kawasaki disease in Japan — from the results
of 1993-94 nationwide survey. J Epidemiol
1996; 6: 148-157.

2. Drossner DM, Chappell C, Rab T, et al.
Percutaneous coronary intervention for
acute myocardial infarction in a pediatric
patient with coronary aneurysm and stenosis
due to Kawasaki disease. Pediatr Cardiol
2012; 33: 811-813.

3. Saguil A, Fargo M and Grogan S. Diagnosis
and management of kawasaki disease. Am
Fam Physician 201; 91: 365-371.

4. McCrindle BW, Rowley AH, Newburger
JW, et al. Diagnosis, Treatment, and Long-
Term Management of Kawasaki Disease: A
Scientific Statement for Health Professionals
From the American Heart Association.
Circulation 2017; 135: €927-€999.

5. Noto N, Okada T, Yamasuge M, et al.
Noninvasive assessment of the early progres-
sion of atherosclerosis in adolescents with


https://orcid.org/0000-0001-7880-1711
https://orcid.org/0000-0001-7880-1711
https://orcid.org/0000-0001-7880-1711
https://orcid.org/0000-0002-3791-1700
https://orcid.org/0000-0002-3791-1700
https://orcid.org/0000-0002-3791-1700

Zhang et al.

10.

12.

13.

14.

15.

. Mostafavi

Kawasaki disease and coronary artery
lesions. Pediatrics 2001; 107: 1095-1099.

N, Haghjooy-Javanmard S,
Presidend N, et al. Persistence of endothelial
cell damage late after Kawasaki disease in
patients without coronary artery complica-
tions. Adv Biomed Res 2015; 4: 25.

. Takahashi K, Oharaseki T and Naoe S.

Pathological study of postcoronary arteritis
in adolescents and young adults: with refer-
ence to the relationship between sequelae of
Kawasaki disease and atherosclerosis.
Pediatr Cardiol 2001; 22: 138-142.

. Gupta-Malhotra M, Gruber D, Abraham

SS, et al. Atherosclerosis in survivors of
Kawasaki disease. J Pediatr 2009; 155:
572-577.

. Lin J, Jain S, Sun X, et al. Lipoprotein par-

ticle concentrations in children and adults
following Kawasaki disease. J Pediatr
2014; 165: 727-731.

Ou CY, Tseng YF, Lee CL, et al. Significant
relationship between serum high-sensitivity
C-reactive protein, high-density lipoprotein
cholesterol levels and children with
Kawasaki disease and coronary artery
lesions. J Formos Med Assoc 2009; 108:
719-724.

. Gopalan K, Singh S, Vignesh P, et al.

Carotid Intima-Media Thickness and Lipid
Profile in Children With Kawasaki Disease:
A Single-Center Follow-up Study After a
Mean Duration of 6.9 Years. J Clin
Rheumatol 2018; 24: 385-389.

Rabe K, Lehrke M, Parhofer KG, et al.
Adipokines and insulin resistance. Mol
Med 2008; 14: 741-751.

Khandekar MJ, Cohen P and Spiegelman
BM. Molecular mechanisms of cancer devel-
opment in obesity. Nat Rev Cancer 2011; 11:
886-895.

Scotece M, Conde J, Lopez V, et al
Adiponectin and leptin: new targets in
inflammation.  Basic  Clin ~ Pharmacol
Toxicol 2014; 114: 97-102.

Liu Y, Yuan Z, Liu Y, et al. PPARgamma
gene C161T substitution is associated with
reduced risk of coronary artery disease and
decreased proinflammatory cytokine expres-
sion. Am Heart J 2007; 154: 718-724.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Kannel WB, Castelli WP and Gordon T.
Cholesterol in the prediction of atheroscle-
rotic disease. New perspectives based on the
Framingham study. Ann Intern Med 1979;
90: 85-91.

Fukunaga H, Kishiro M, Akimoto K, et al.
Imbalance of peroxisome proliferator-
activated receptor gamma and adiponectin
predisposes Kawasaki disease patients to
developing atherosclerosis.  Pediatr  Int
2010; 52: 795-800.

Takeshita S, Takabayashi H and Yoshida
N. Circulating adiponectin levels in
Kawasaki disease. Acta Paediatr 2006; 95:
1312-1314.

Lim S, Lee KS, Lee JE, et al. Effect of a new
PPAR-gamma agonist, lobeglitazone, on
neointimal formation after balloon injury
in rats and the development of atherosclero-
sis. Atherosclerosis 2015; 243: 107-119.

Shen L, Evans IM, Souza D, et al
Adiponectin:  An  Endothelium-Derived
Vasoprotective Factor? Curr Vasc

Pharmacol 2016; 14:168—-174.

Lo MS and Newburger JW. Role of intrave-
nous immunoglobulin in the treatment of
Kawasaki disease. Int J Rheum Dis 2018;
21: 64-69.

Ayusawa M, Sonobe T, Uemura S, et al.
Revision of diagnostic guidelines for
Kawasaki disease (the 5th revised edition).
Pediatr Int 2005; 47: 232-234.
Senzaki H. Long-term
Kawasaki disease. Circulation 2008;
2763-2772.

Marion-Letellier R, Savoye G and Ghosh S.
Fatty acids, eicosanoids and PPAR gamma.
FEur J Pharmacol 2016; 785: 44-49.

Pucci A, Formato L, Muscio M, et al.
PPARYy in coronary atherosclerosis: in vivo
expression pattern and correlations with
hyperlipidemic status and statin treatment.
Atherosclerosis 2011; 218: 479-485.

Nissen SE, Nicholls SJ, Wolski K, et al.
Comparison of pioglitazone vs glimepiride
on progression of coronary atherosclerosis
in patients with type 2 diabetes: the
PERISCOPE randomized controlled trial.
JAMA 2008; 299: 1561-1573.

Dai N, Yang C, Fan Q, et al. The Anti-
inflammatory Effect of Soluble Epoxide

outcome  of
118:



Journal of International Medical Research

28.

29.

30.

Hydrolase Inhibitor and 14, 15-EET in
Kawasaki Disease Through PPARy/STATI1
Signaling Pathway. Front Pediatr 2020; 8:
451.

Cheung YF. Vascular health late after
Kawasaki disease: implications for accelerat-
ed atherosclerosis. Korean J Pediatr 2014;
57: 472-478.

Qian Y, Li P, Zhang J, et al. Association
between peroxisome proliferator-activated
receptor-alpha, delta, and gamma polymor-
phisms and risk of coronary heart disease: A
case-control study and meta-analysis.
Medicine (Baltimore) 2016; 95: €4299.
Borzutzky A, Gutiérrez M, Talesnik E, et al.
High sensitivity C-reactive protein and
endothelial function in Chilean patients
with history of Kawasaki disease. Clin
Rheumatol 2008; 27: 845-850.

33.

35.

. Mitra A, Singh S, Devidayal, et al. Serum

lipids in North Indian children treated for
Kawasaki disease. Int Heart J 2005; 46:
811-817.

. Silva AA, Maeno Y, Hashmi A, et al.

Cardiovascular risk factors after Kawasaki
disease: A case-control study. J Pediatr
2001; 138: 400-405.

Komura N, Maeda N, Mori T, et al.
Adiponectin protein exists in aortic endothe-
lial cells. PLoS One 2013; 8: €71271.

. Sook Lee E, Park SS, Kim E, et al.

Association between adiponectin levels and
coronary heart disease and mortality: a sys-
tematic review and meta-analysis. Int J
Epidemiol 2013; 42: 1029-1039.

Katsiki N, Mantzoros C and Mikhailidis
DP. Adiponectin, lipids and atherosclerosis.
Curr Opin Lipidol 2017; 28: 347-354.



	table-fn1-0300060521994925
	table-fn2-0300060521994925
	table-fn3-0300060521994925
	table-fn4-0300060521994925
	table-fn5-0300060521994925
	table-fn6-0300060521994925
	table-fn7-0300060521994925
	table-fn8-0300060521994925
	table-fn9-0300060521994925
	table-fn10-0300060521994925
	table-fn11-0300060521994925
	table-fn12-0300060521994925

