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Background: Cardiovascular and kidney diseases are interconnected through shared biological
mechanisms. However, research on renal function in Kawasaki disease (KD) remains insufficient. This study
focused on coronary artery aneurysm (CAA), a severe cardiac consequence of KD, aiming to examine the
predictive value of cystatin C (Cys C) and other common laboratory indicators before and after intravenous
immunoglobulin (IVIG) treatment on KD with CAA.

Methods: Based on patients’ coronary status, 122 KD individuals were categorized in this retrospective
analysis. After comparing the clinical and laboratory information of the patients with KD, multivariate
logistic regression analysis was employed to identify independent risk factors for CAA development among
them. Additionally, the predictive values of these parameters in CAA development of KD were assessed by
receiver operating characteristic (ROC) curves.

Results: In this study, 28 patients (23.0%, 28/122) had CAA, including 12 who had coronary artery
regression (9.8%, 12/122). The parameters with P<0.10 in the difference analysis, namely polymorphous
exanthem, changes in the extremities, plateletocrit and Cys C before IVIG, prealbumin >107.2 mg/L and
prognostic nutritional index >54.7 after IVIG, were included in multivariate logistic regression analysis.
Finally, binary logistic regression analysis identified the pre-IVIG Cys C [odds ratio, 10.183; 95% confidence
interval (CI): 1.158-89.525] as an independent risk factor for developing CAA among KD patients. In
addition, the 0.71 Cys C cut-off value sampled within five days had a 100% sensitivity and a 42.9% specificity
(area under the ROC curve =0.752, 95% CI: 0.577-0.928, P=0.03).

Conclusions: Higher pre-IVIG Cys C levels may be associated with increased CAA risk, but further large-
scale prospective studies are needed to confirm its predictive utility. Furthermore, Cys C acquired within five

days of disease onset may theoretically provide better prediction power for the CAA development in KD.
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Introduction children younger than five years old (1). KD is characterized

as an acute, self-limiting vasculitis of unidentified etiology,
Since Kawasaki disease (KD) was first reported in 1967, over and its incidence has increased yearly in recent years (2).
50 years have passed, and it is predominantly seen in Asian In developed countries, KD has risen to prominence as

A ORCID: Kaizhi Liang, 0009-0008-7508-6490; Danyan Su, 0000-0002-0798-5880; Yusheng Pang, 0000-0002-0031-1664.

© AME Publishing Company. Transl Pediatr 2025;14(4):545-558 | https://dx.doi.org/10.21037/tp-2024-516


https://crossmark.crossref.org/dialog/?doi=10.21037/tp-2024-516

546

the principal cause of acquired cardiovascular disorders in
children (3). Besides, KD may serve as a notable risk for
the development of myocardial infarction during young
adult years (4). The aetiology of KD, which is not yet
clear, currently includes infection, immunity, and genetic
susceptibility (5), and infection may trigger KD in genetic
susceptible individuals (6). After the acute phase of KD,
coronary artery damage, such as coronary artery aneurysms
(CAAs) (3), and thrombosis, may remain. Therefore,
reducing inflammatory injuries to the coronary arteries
and avoiding the development of coronary thrombosis
are the main objectives of treating KD in the acute phase.
Intravenous immunoglobulin (IVIG) in combination
with aspirin is currently a standard treatment for KD,
and other treatments include glucocorticoids, infliximab,
cyclosporine (3), urinastatin (7), plasma exchange (8) and
so on. Given the absence of a certain pathognomonic
test in patients with KD, they might be misdiagnosed,
resulting in missing the best time to administer IVIG
therapy. Regrettably, approximately 25% of untreated KD
patients’ coronary arteries may be damaged and develop
into coronary artery lesion (CAL), including CAA and even
coronary artery thrombus (CAT) (9). More seriously, acute
myocardial infarction or even sudden death may occur (10).
Therefore, it is crucial to find risk factors that can predict
KD with CALs early.

Highlight box

Key findings

¢ Cystatin C (Cys C) acquired within five days of disease onset may
theoretically provide better prediction power for the coronary
artery aneurysm (CAA) development in Kawasaki disease (KD).

What is known and what is new?

® There are bidirectional relationships between cardiovascular and
kidney disease out of shared biological factors (hemodynamic
regulatory mechanisms and renin-angiotensin-aldosterone system
axis). Cys C may have an impact on the process of myocardial
remodeling through suppressing the activity of endogenous
cysteine protease. CAA is a severe cardiac consequence of KD.
However, the relationship between Cys C and CAA is not yet clear.

* The potential of Cys C as a biomarker to predict CAA in KD
patients.

What is the implication, and what should change now?

e KD patients within five days of disease onset with a level of Cys
C more than 0.71 mg/L may require closer monitoring for the
formation of CAAs at the one-month follow-up.

© AME Publishing Company.
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Although there is plenty of research on risk factors for
CAA and prognosis of KD, research (11,12) has mainly
focused on laboratory indicators before IVIG therapy, with
few comparisons of pre- and post-treatment indicators.
At the same time, common laboratory indicators, such as
complete blood count, C-reactive protein (CRP), kidney
and liver function, electrolyte tests, are nearly available at
all medical institutions. Especially for renal function, it has
received very little attention in KD. In 2020, Junji Azuma’s
team (13) have linked KD to kidney involvement and found
that the maximum value of urinary f2-microglobulin before
IVIG treatment was significantly associated with CALs in
KD. But the pathophysiology of f2-microglobulin associated
with KD was not mentioned in their study (13). However,
there are bidirectional relationships between cardiovascular
and kidney disease out of shared biological factors (14),
such as hemodynamic regulatory mechanisms and renin-
angiotensin-aldosterone system axis (15). Previous studies
on cystatin C (Cys C) in cardiovascular disease have mainly
focused on adult’s coronary artery damage (16), coronary
artery calcification (17,18), and vasospastic angina (19,20).
In a study about children with sickle cell disease and
p-thalassemia, Diana Hanna’s team (21) found that Cys C
could be a promising biomarker for subclinical cardiovascular
dysfunction because Cys C may have an impact on the
process of myocardial remodeling through suppressing the
activity of endogenous cysteine protease. In a clinical trial
[2003] (22) between patients with KD and patients without
infections showed that the levels of Cys C decreased in the
former. However, the research on the relationship between
Cys C and CAA is not yet clear. Besides, prealbumin and
prognostic nutritional index (PNI) are both associated
with humans’ statuses of nutrition, immunology, and
inflammation. These indicators are all easy to detect. For
some underdeveloped countries and regions, to predict the
presence of CAA in children with KD via common laboratory
indicators may reduce the healthcare burden on families.
Thus, further exploration of common laboratory indicators is
economical, simple, and easy to perform, with high adoption
rate for rapid and repeated measurements. Therefore, this
study was designed to investigate the predictive value of
common indicators before and after IVIG treatment for
CAA and prognosis, so that intensive treatment can be given
to the patients at an early stage as soon as possible. We
present this article in accordance with the STARD reporting
checklist (available at https://tp.amegroups.com/article/
view/10.21037/tp-2024-516/rc).
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Figure 1 Flow chart of grouping in this study. CAA, coronary artery aneurysm; IVIG, intravenous immunoglobulin; KD, Kawasaki disease;

NCAA, no coronary artery aneurysm.

Methods
Study design and population

Patients with KD of this study were admitted to The First
Affiliated Hospital of Guangxi Medical University between
January 1, 2014, and December 31, 2022. A total of 122 KD
children who received IVIG therapy less than 10 days after
fever onset were enrolled in this retrospective study. The
KD diagnostic criteria are based on the 2017 adaptation
of the American Heart Association (AHA) guidelines (23),
and the Japanese diagnostics guide, sixth revision (24). The
diagnosis of KD was determined by at least two pediatric
cardiologists, and CAAs were measured by no less than
two experienced echocardiograph physicians. CAAs were
defined based on Z-scores >2.5 which were adjusted for
the body surface area. Only those cases with a maximum
Z-scores >2.5 persisting for over one month after fever
onset were considered CAA cases. As described in the
AHA guidelines (23), CAA regression of patients with
follow-up echocardiogram was considered of a normal
size (Z-scores of <2.5), as well as normal appearance of
each coronary artery on echocardiography, and normal
cardiac function. Then, in accordance with the AHA

© AME Publishing Company.

guidelines (23), all KD patients were treated appropriately.
First, all patients were divided into the no CAA (NCAA)
group (n=94) and CAA group (CAA, n=28), based on the
presence or absence of CAA. It was vital for patients to have
necessary echocardiography follow-up data. Later, from the
28 patients with CAA, 12 patients who had CAA regression
within a year after the acute phase of diseases were allocated
to the normal group, while the remaining 16 patients
were classified as the persistent CAA group because their
CAA persisted for one year (Figure I). This research was
approved by the Medical Ethic Committee of The First
Affiliated Hospital of Guangxi Medical University [No.
202 1(KY-E-240)]. The study was conducted in accordance
with the Declaration of Helsinki and its subsequent
amendments. An informed consent was obtained from the
parents of each subject.

Data collection

The following information was logged for demographic,
clinical, and laboratory parameters: (I) general
demographic information, such as gender, body mass
index (BMI), and months of age at disease onset; (II)
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clinical features, including the proportion of small CAAs,
conjunctival injection, changes in the lips and oral cavity,
polymorphous exanthem, changes in the extremities, cervical
lymphadenopathy, duration of fever before admission,
total days of fever, illness day at diagnosis (considering
the first day of fever to be the first day of illness onset),
illness day at IVIG treatment, hospital days, as well as
the proportion of IVIG-refractory cases; (III) laboratory
parameters obtained before and 24-36 hours after IVIG,
and one month after KD onset, including white blood
cell count (WBC), plateletocrit (PCT), haemoglobin
concentration (Hb), neutrophil count (N), lymphocyte
count (L), monocyte count (M), platelet count (PLT), CRP
concentration, sodium concentrations (Na®), total bilirubin
level (TB), aspartate aminotransferase (AST) level, alanine
aminotransferase (ALT) level, prealbumin (PA), globulin
(GLB), serum albumin (ALB), endogenous creatinine
clearance (Ccr), uric acid (UA), Cys C, detected by
immunoturbidimetry assays, and more detailed procedures
referred to this website (https://www.immunodiagnostics.
com.hk/), creatine kinase MB isoenzyme to creatine kinase
ratio (CK-MB/CK) and PNI [PNI = ALB (g/L) + 5 x L
(x10°/L)]. Indicators for each patient were reviewed by at
least two fellowship-trained laboratory technicians, who
were blinded to all patient information, including the final
clinical diagnosis and prognosis (4). In the acute phase of
KD, before IVIG therapy, echocardiography was regularly
performed, and it was repeated at months 1, 3, 6 and 12
after fever onset or till the CAAs finally shrank back to
their normal size. In this study, the Z-scores of the internal
diameter of the coronary arteries were calculated by the
Lambda-Mu-Sigma (LMS) method (25).

Statistical analysis

In this study, the normality of the data distribution was
confirmed by the homogeneity test and Shapiro-Wilk
test. Data that were normally distributed were presented
as mean = standard deviation. To compare data from
different subgroups, one-way analysis of variance or two-
independent-sample 7-tests were performed. Skewed
continuous data were expressed in the form of medians
(interquartile ranges), and then comparisons between
groups were performed by rank-sum tests. Categorical
data were represented by percentages (%). Intergroup
data were compared by Fisher’s exact test, Chi-squared
test, or Pearson’s Chi-squared test. The presence of
multicollinearity was examined by variance inflation
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factor (VIF), and a multivariate logistic regression model
was then employed to assess potential risk factors. The
critical thresholds values for some selected variables were
determined through receiver operating characteristic
(ROC) curve analysis. All missing values of the variables
we included were less than 10% and we disregarded this
missing. SPSS 27.0 for Windows (IBM Corporation,
Armonk, NY, USA) was used for all statistical analyses, with
a P value of <0.05 considered significant.

Results
Baseline characteristics

Initially, this retrospective study included a total of 221
children with a diagnosis of KD. Among these, three were
excluded due to not receiving IVIG treatment, 64 due to
receiving delayed IVIG treatment, 14 because of significant
data deficiencies, and 18 due to previous steroid or IVIG
therapy at other medical institutions. Finally, a total of
122 KD children who received IVIG therapy less than
10 days after fever onset were included in this retrospective
study (Figure 1). Of the 122 patients included finally,
28 (23.0%) patients developed CAA, which persisted for
one year in 16 patients (13.1%). During the one-year
median follow-up time frame, there were no major adverse
cardiovascular events, mainly referring to recurrent angina,
acute myocardial infarction, severe arrhythmia, or heart
failure among all patients. The participants ranged in age
from 3 to 117 months, with a mean age of 29.6 months.
There were 92 males and 30 females, in a 3.1:1 gender
ratio. During this period, no child in this study received
any additional medication, including cyclophosphamide,
infliximab, cyclosporine, anakinra, or plasmapheresis.
All patients received initial IVIG treatment (2 g/kg) and
appropriate doses of oral aspirin (firstly 30-50 mg/kg/d
and gradually decreased to 3-5 mg/kg/d after the body
temperature returned to normal) based on the 2017
AHA guidelines (23). Among all KD patients, there
were 26 IVIG-refractory cases (26/122, 21.3%); in the
KD subgroups, five IVIG-refractory cases were in the
CAA group (n=28), 21 in the NCAA group (n=94) [5/28
(17.9%) vs. 21/94 (22.3%), P=0.61], two in the normal
group (n=12) and three in the persistent CAA group (n=16)
[2/12 (16.7%) vs. 3/16 (18.8%), P>0.99, Tuble 1]. All these
refractory cases required treatment with corticosteroids.
Methylprednisolone was injected intravenously at a

dosage of 2 mg/kg/d. Then, the drug dosage was gradually

Transl Pediatr 2025;14(4):545-558 | https://dx.doi.org/10.21037/tp-2024-516


https://www.immunodiagnostics.com.hk/
https://www.immunodiagnostics.com.hk/

Translational Pediatrics, Vol 14, No 4 April 2025

549

Table 1 Comparisons of baseline characteristics between patients with Kawasaki disease by subgroups

. - CAA group NCAA group Normal group Persistent CAA
Baseline characteristics (n=28) (n=94) P value (n=12) group (n=16) P value
Demographic characteristics
Male gender 24 (85.7) 68 (72.3) 0.15 11 (91.7) 13 (81.3) 0.61

Age (months)
BMI (kg/m?)

Clinical characteristics

255(10.1,38.3) 22.0(14.0,41.5)  0.70
15.3 (14.5,16.7) 15.5(14.5,16.5)  0.89

22.0(9.0,39.5) 255(10.6,38.3)  0.66

15.8 (15.3,17.8) 14.7 (14.1,15.4)  0.008

Proportion of small CAAs - - 12 (100) 9 (56.3) 0.03
Conjunctival injection 18 (64.3) 70 (74.5) 0.29 7 (58.3) 11 (68.8) 0.57
Changes in the lips and oral cavity 18 (64.3) 62 (66.0) 0.87 7 (568.3) 11 (68.8) 0.57
Polymorphous exanthem 15 (53.6) 69 (73.4) 0.047 7 (568.3) 8 (50.0) 0.66
Changes in the extremities 5(17.9) 36 (38.3) 0.040 2(16.7) 3(18.8) >0.99
Cervical lymphadenopathy 14 (50.0) 50 (63.2) 0.77 7 (58.3) 7 (43.8) 0.45
Fever duration before admission (days) 5.5 (4.0, 7.0) 6.0 (4.0, 7.0 0.47 5.2+1.9 5.4+2.2 0.73
Total fever days 8.0(7.0,9.0) 8.0 (7.0, 10.0) 0.64 8.6+1.6 8.3+1.6 0.66
Days of illness at diagnosis 7.0 (5.0, 8.0) 7.0 (5.0, 8.0) 0.55 6.6+2.3 7.4+2.6 0.38
Days of illness at primary treatment 7.0 (6.0, 8.0) 6.0 (5.0, 8.0) 0.27 6.6+1.8 7.1+£1.8 0.49
Hospital days 7.5 (5.0, 10.5) 7.0 (4.0, 8.0) 0.15 8.2+4.8 7.8+3.6 0.83
Proportion of IVIG-refractory cases 5(17.9) 21 (22.3) 0.61 2 (16.7) 3(18.8) >0.99

Data are presented as number (percentage), median (interquartile range), or mean + SD. BMI, body mass index; CAA, coronary artery
aneurysm; IVIG, intravenous immunoglobulin; NCAA, no coronary artery aneurysm; SD, standard deviation.

decreased and tapered off until the patients’ CRP level
returned to normal.

Comparisons of baseline characteristics

The analysis results of baseline characteristics between
subgroups are shown in Table 1. Between the CAA group
and NCAA group, the former had less patients with
polymorphous exanthem (P=0.047) and changes in the
extremities (P=0.040) than the NCAA group, and no
statistically significant differences were observed in the
remaining characteristics (P>0.05). Between the normal
group and the persistent CAA group, the former had higher
BMI and higher proportion of small CAAs than the latter
(P=0.008).

Laboratory parameters pre- and post-1VIG treatment and
after one month of KD onset between groups

In pre-IVIG treatment, the CAA group had higher Cys C

© AME Publishing Company.

(P=0.02) but lower Ccr (P=0.048) than the NCAA group,
but no significant differences were found in any of the
measured indicators between groups with or without CAA
recovery (P>0.05, 7able 2). Unexpectedly, no statistically
significant differences were observed in any of the markers
(all P>0.05) neither after IVIG therapy (Table 3), nor
after one month of KD onset (Tuzble 4). No adverse events
occurred during every blood sampling.

Threshold values of some selected indicators

There is no uniform definition of PA and PNI. Thus, this
study used ROC curves to determine the threshold values
of PA and PNI. PA values were missing from three patients
in the CAA group and eight patients in the NCAA group.
In the CAA group, there were 23 patients with a PA value
of more than 107.2 mg/L and two patients with a PA value
of less than 107.2 mg/L. Then in the NCAA group, there
were 60 patients with a PA value of more than 107.2 mg/L
and 26 patients with a PA value of less than 107.2 mg/L.
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Table 2 Comparisons of pre-IVIG laboratory parameters between KD subgroups

Liang et al. Cys C and CAAs in KD

:2?;;8(::2; C,B(‘;-\zgzrg)up NC,(?: é:];;)up P value Normi!gzgoup Persiste(zt= (1)2)A group P value
WBC (x10%L) 15.3+6.8 14.5+£5.7 0.54 18.1+6.3 13.2+6.6 0.06
N (x10%/L) 10.5+6.2 9.8+5.1 0.57 12.4 (8.4,17.1) 7.7 (6.3, 11.8) 0.08
L (x10%L) 3.2(1.9,4.7) 2.8(1.6,4.6) 0.88 3.6+2.1 3.0+1.8 0.36
M (x10%L) 0.7 (0.2, 1.2) 0.9 (0.5, 1.4) 0.44 1.1£0.9 0.7+0.6 0.25
Hb (g/L) 104.4+15.7 105.8+13.8 0.65 100.4+13.6 107.4+16.9 0.25
PLT (x10'%/L) 305.6 (237.4, 429.4)  319.7 (267.7, 433.1) 0.19 365.1+142.1 269.7+137.9 0.09
PCT 0.24 (0.18, 0.34) 0.26 (0.21, 0.35) 0.10 0.29+0.11 0.21+0.11 0.07
CRP (mg/L) 90.3 (39.8, 151.2) 86.3 (51.1, 148.1) 0.82 139.1 (29.7, 192.0) 59.1 (43.7, 105.0) 0.21
Na* (mmol/L) 135.0 (133.5, 137.2)  135.1(132.7, 137.4) 0.63 134.8 (134.0, 135.9)  136.0(132.8, 138.0) 0.35
CKMB/CK 0.39 (0.20, 0.64) 0.38 (0.23, 0.62) 0.89 0.54+0.31 0.36+0.20 0.09
Ccr (mL/min) 86.0 (69.4, 104.2) 92.0 (81.5, 112.6) 0.048 85.4+29.9 93.3+27.3 0.48
UA (umol/L) 202.0 (138.0,229.5)  182.0 (146.0, 239.0) 0.91 189.0 (132.0,241.0)  202.0 (136.0, 217.0) 0.63
Cys C (mg/L) 0.93+0.31 0.81+0.20 0.02 0.99 (0.75, 1.11) 0.86 (0.73, 1.01) 0.24
ALT (U/L) 46.0 (22.5, 88.5) 55.0 (19.5, 112.0) 0.39 80.3+60.5 41.9+28.5 0.06
AST (U/L) 36.0 (25.0, 63.5) 37.0 (26.0, 60.5) >0.99 40.0 (23.8, 54.5) 31.0 (25.0, 71.0) 0.93
TB (umol/L) 6.7 (5.1,14.2) 6.6 (3.5, 13.5) 0.48 10.5 (6.0, 18.3) 5.2 (4.6,9.5) 0.07
ALB (g/L) 34.3+5.4 36.1+5.3 0.12 34.4+4.4 34.216.2 0.93
GLB (g/L) 25.6+5.9 25.9+7.1 0.81 25.4+4.8 25.7+6.8 0.88
PA (mg/L) 73.3 (40.1, 100.5) 76.2 (55.7, 109.7) 0.26 70.9 (31.2, 94.1) 75.7 (49.2, 100.9) 0.43
PNI 47.8 (42.3, 60.9) 51.8 (44.2, 58.7) 0.44 52.6+£13.2 49.0+£14.2 0.50

Data are presented as median (interquartile range), or mean + SD. ALB, serum albumin; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; CAA, coronary artery aneurysm; CKMB/CK, creatine kinase MB isoenzyme to creatine kinase ratio; CRP, C-reactive
protein; Ccr, endogenous creatinine clearance; Cys C, cystatin C; GLB, globulin; Hb, haemoglobin concentration; IVIG, intravenous
immunoglobulin; KD, Kawasaki disease; L, lymphocyte count; M, monocyte count; Na*, sodium concentrations; N, neutrophil count;
NCAA, no coronary artery aneurysm; PA, prealbumin; PCT, plateletocrit; PLT, platelet count; PNI, prognostic nutritional index; SD, standard
deviation; TB, total bilirubin; UA, uric acid; WBC, white blood cell count.

Besides, three patients in the CAA group and six patients
in the NCAA group lacked PNI values. In the CAA group,
there were 18 patients with a PNI value of more than 54.7
and seven patients with a PNI value of less than 54.7. Then
in the NCAA group, there were 42 patients with a PNI value
of more than 54.7 and 46 patients with a PNI value of less
than 54.7. Based on Little’s Missing Completely at Random
(MCAR) test, we obtained a P value of 0.930, indicating
that our data satisfy the MCAR assumption, meaning the
missing data is entirely random. The missing data for PA
>107.2 mg/L and PNI >54.7 fall under MCAR and can

© AME Publishing Company.

be directly ignored. In terms of predicting KD with CAA,
the area under the ROC curve (AUC) of PA >107.2 mg/L
(determined by Youden’s index) after IVIG was 0.544, with a
sensitivity of 92% and a specificity of 30.2%; and the AUC
of PNI >54.7 (determined by Youden’s index) after IVIG
was 0.556, with a sensitivity of 72% and a specificity of
52.3%. This meant that a post-IVIG PA >107.2 mg/L and
a post-IVIG PNI >54.7 are of fair values in predicting KD
with CAA. As shown in Tuble 5, there were more patients
with PA >107.2 mg/L (P=0.01) after IVIG and PNI >54.7
(P=0.03) after IVIG in the CAA group.
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Table 3 Comparisons of post-IVIG laboratory parameters between KD subgroups

I::it);rrna;tc;r:; CP(‘/n-\zgzrso)up NC,(?: g<;:1£|;;)up P value Normi!gzgoup Persiste(zt= ?Q)A group P value
WBC (x10%L) 10.2 (7.9, 13.5) 9.3 (7.7, 13.6) 0.78 9.4 (8.0, 15.7) 11.0 (7.9, 12.9) 0.59
N (x10%/L) 5.5(2.9,7.0 3.9(2.4,7.3) 0.62 4.8£2.3 5.1+3.5 0.80
L (x10%L) 4.3(3.3,5.4) 4.0(3.2,5.4) 0.71 4.6+1.4 4.2+1.8 0.62
M (x10%L) 0.9 (0.6, 1.4) 0.8 (0.6, 1.2) 0.50 0.9 (0.7,1.4) 0.9 (0.5, 1.5) 0.70
Hb (g/L) 99.4+14.2 101.2+13.0 0.54 96.8+11.3 101.4+16.2 0.41
PLT (x10"/L) 479.8 (388.3,589.1)  499.0 (367.5, 659.5) 0.45 511.1+144.6 456.0+169.0 0.38
CRP (mg/L) 17.5(10.0, 39.8) 16.3 (10.0, 49.2) 0.97 12.0 (10.0, 44.1) 28.0(11.9, 38.8) 0.70
ALT (U/L) 24.0 (14.3, 54.5) 26.0 (17.5, 44.0) 0.71 24.0 (13.3, 54.5) 25.0 (15.5, 56.8) 0.89
AST (U/L) 38.5(30.8, 50.8) 37.0 (30.0, 46.0) 0.29 35.5 (30.0, 54.8) 40.0 (31.8, 44.8) 0.57
TB (umol/L) 4.3(2.7,10.0) 4.9(2.8,7.3) 0.53 5.5 (3.8, 11.9) 3.7 (2.6, 7.0) 0.10
ALB (g/L) 34.7+7.4 34.3+6.0 0.77 36.6+6.6 33.0+8.0 0.24
GLB (g/L) 37.2+8.4 39.9+8.6 0.17 37.3£10.3 37.1+6.6 0.97
PA (mg/L) 161.4+64.8 149.1+£59.2 0.37 148.1 (112.6,221.1)  147.1 (122.6, 162.4) 0.85
PNI 56.6 (50.1, 65.0) 54.4 (48.5, 62.9) 0.3 59.4+8.7 53.8+12.5 0.21

Data are presented as mean + SD, or median (interquartile range). ALB, serum albumin; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; CAA, coronary artery aneurysm; CRP, C-reactive protein; GLB, globulin; Hb, haemoglobin concentration; IVIG,
intravenous immunoglobulin; KD, Kawasaki disease; L, lymphocyte count; M, monocyte count; NCAA, no coronary artery aneurysm; N,
neutrophil count; PA, prealbumin; PLT, platelet count; PNI, prognostic nutritional index; SD, standard deviation; TB, total bilirubin; WBC,
white blood cell count.

Table 4 Comparisons of laboratory parameters after one month of onsets between KD subgroups

Igzl::r;a;g:s C/-;::g;:))up Ncgig;;)up P value Nor(mnilégoup Persiste(rrl‘t:?g\)A group P value
WBC (x10%L) 8.1 (7.0, 11.0) 9.0 (6.9, 11.2) 0.88 7.9 (6.9, 9.4) 9.1 (7.0, 11.4) 0.29
N (x10%L) 2.7(1.9,4.2) 2.8(2.1,4.1) 0.91 2.6+1.2 3.5+1.8 0.14
L (x10%L) 4.5(3.8,5.7) 4.3(3.1,5.8) 0.38 4.6+1.2 5.0+1.8 0.50
M (x10%L) 0.7 (0.5, 1.0 0.6 (0.5, 0.8) 0.68 0.7 (0.5, 0.8) 0.7 (0.6, 1.1) 0.29
Hb (g/L) 111.3+12.7 1107.7£11.9 0.18 110.8+13.3 111.8+12.7 0.84
PLT (x10"/L) 382.7 (304.3,499.1)  414.5(326.8, 532.3) 0.22 376.0 (298.0,520.0)  382.7 (304.3, 456.0) 0.96
CRP (mg/L) 10.0 (10.0, 10.0) 10.0 (10.0, 10.0) 0.34 10.0 (10.0, 10.0) 10.0 (10.0, 10.0) 0.20

Data are presented as mean + SD, or median (interquartile range). CAA, coronary artery aneurysm; CRP, C-reactive protein; Hb,
haemoglobin concentration; KD, Kawasaki disease; L, lymphocyte count; M, monocyte count; N, neutrophil count; NCAA, no coronary
artery aneurysm; PLT, platelet count; SD, standard deviation; WBC, white blood cell count.

Results of the multivariable logistic analysis analysis, the indicators with P<0.10 were included in the

In this study, binary logistic regression analysis was multivariable analysis in this study. Cer had collinearity with

performed to identify risk factors in KD with CAA. As there
were few significantly different indicators in the difference

Cys C; thus, it was excluded. Ultimately, the variables that

were entered into the multivariate logistic regression analysis
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Table 5 Threshold values of some selected indicators and comparisons between patients with KD

Threshold values Sensitivity (%) Specificity (%) AUC (95% Cl) CAA group (n=28) NCAA group (n=94) P value
PA >107.2 mg/L after IVIG 92 30.2 0.544 (0.418-0.670) 23/25 (92.0) 60/86 (69.8) 0.01
PNI >54.7 after IVIG 72 52.3 0.556 (0.422-0.690) 18/25 (72.0) 42/88 (47.7) 0.03

Data are presented as number (percentage) unless otherwise stated. AUC, area under the receiver operating characteristic curve; CAA,
coronary artery aneurysm; Cl, confidence interval; IVIG, intravenous immunoglobulin; KD, Kawasaki disease; NCAA, no coronary artery
aneurysm; PA, prealbumin; PNI, prognostic nutritional index.

Table 6 Multivariate logistic analysis for predictors of KD with CAA

Indicators with P<0.10 in the Univariable Multivariable VIF
difference analysis Odds ratios (95% Cl) P value Odds ratios (95% Cl) P value
Polymorphous exanthem 0.418 (0.175-1.000) 0.050 0.410 (0.136-1.238) 0.11 1.076
Changes in the extremities 0.350 (0.122-1.004) 0.051 0.751 (0.212-2.656) 0.66 1.208
Cys C before IVIG 8.667 (1.364-55.079) 0.02 10.183 (1.158-89.525) 0.04 1.051
PCT before IVIG 0.034 (0.001-2.052) 0.11 0.014 (0.000-2.835) 0.12 1.076
PA >107.2 mg/L after IVIG 4.983 (1.094-22.703) 0.04 3.899 (0.663-22.926) 0.13 1.297
PNI >54.7 after IVIG 2.816 (1.070-7.415) 0.04 2.310 (0.707-7.543) 0.17 1.283

CAA, coronary artery aneurysm; Cl, confidence interval; Cys C, cystatin C; IVIG, intravenous immunoglobulin; KD, Kawasaki disease; PA,

prealbumin; PCT, plateletocrit; PNI, prognostic nutritional index; VIF, variance inflation factor.

included polymorphous exanthem and changes in the
extremities, PCT and Cys C before IVIG, PA >107.2 mg/L
and PNI >54.7 after IVIG. There was no collinearity
between the five parameters that were analysed. Besides,
outcome events per predictor variable (EPV) was 5.6
(28 CAAs/5 variables) which was within acceptable levels of
5-10 EPV based on the simulation study of Vittinghoff and
McCulloch (26). The Cys C before IVIG [odds ratio (OR),
10.183; 95% confidence interval (CI): 1.158-89.525] was
finally deemed as the independent risk factor for developing
CAA among KD patients (Table 6). Due to the small sample
size of patients with CAA, the risk factors for persistent
CAA in KD could not be identified by multivariate logistic
analysis.

Predictive value of Cys C for KD with CAA

For predicting CAA development in KD, the contribution
of Cys C was calculated by ROC curve. The 0.71 Cys C
cut-off value (determined by Youden’s index) had an 88.9%
sensitivity and a 35.6% specificity (AUC =0.626, 95% CI:
0.503-0.750, P=0.048, Figure 2). For the specific sampling-
time to predict CAA development, Cys C values could
not be calculated per day due to the small size. In fact, the

© AME Publishing Company.

analysis was carried out with a fever cut-off of five days.
When sampling within five days from fever onset, significant
variations were found in Cys C levels between patients with
and without CAA in KD (1.02+0.31 vs. 0.80£0.22 mg/L,
P=0.03, Figure 3) (power value 0.384), but there were no
significant differences between them when sampling beyond
five days (0.88+0.30 vs. 0.81+0.19 mg/L, P=0.24, Figure 3). In
addition, the 0.71 Cys C cut-off value sampled within five
days had a 100% sensitivity and a 42.9% specificity (AUC
=0.752, 95% CI: 0.577-0.928, P=0.03, Figure 2). Besides,
we made a comparison with established predictive scores
such as Kobayashi (27) (AUC =0.522, 95% CI: 0.399-0.646,
P=0.72, Figure 2), Egami (28) (AUC =0.544, 95% CI:
0.425-0.662, P=0.48, Figure 2), and Sano (29) risk scores
(AUC =0.521, 95% CI: 0.397-0.644, P=0.74, Figure 2).

Discussion

Acquired heart diseases in children are increasingly being
caused by CAA, which is a severe cardiac consequence of
KD (23). As a result, a focus of research on KD is now
investigating the risk factors for CAA development. In this
study, the incidence of CAA development in KD patients
was 23.0%, which is comparable to the typical range in
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Figure 2 Receiver operating characteristic curves for Cys C, Kobayashi score, Egami score, and Sano score in Kawasaki disease patients with

coronary artery aneurysm. AUC, area under the curve; CI, confidence interval; Cys C, cystatin C.
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Figure 3 Comparison of Cys C while sampling within or beyond
five days. CAA, coronary artery aneurysm; Cys C, cystatin C;
NCAA, no coronary artery aneurysm group.

China (20.6%) (30). All patients with KD included in this
study received early intervention in accordance with the
2017 AHA guidelines (23) and the sixth revision of Japanese
diagnostics guide (24), and there were no statistically
significant differences in days at diagnosis, days at primary
treatment and total fever days. However, in developed
countries such as Europe and the United States, CAL
is not observed as frequently in patients with KD who
receive appropriate treatment. This could be attributed to
the significant role of environmental factors and genetic
background in the pathogenesis of KD development.

© AME Publishing Company.

Environmental factors such as geography, climate, water
quality, atmosphere, living conditions, dietary habits,
and lifestyle may be related to the pathogenesis of KD.
Especially in the case of the continuously increasing
incidence in East Asia, environmental problems caused
by pollutants in the process of industrialization should
be concerned. Furthermore, the elevated incidence rate
observed in East Asian populations implies that racial and
genetic factors may contribute to the pathogenesis of KD.
Therefore, the research on genetic susceptibility needs to be
emphasized. A study from Beijing Children’s Hospital (31)
pointed out that certain gene polymorphisms such as
ITPKC and CD40 may be involved in the formation of
CAA. Furthermore, a previous study of our team (32)
demonstrated that the ITPKC rs7251246 T>C polymorphism
might be a risk factor for the formation of CAA in the Han
Chinese in southwest China. The above research findings
have provided us with a deeper understanding of the genetic
susceptibility of children with KD, and have provided
a theoretical basis for pediatricians to take more active
treatment for children with a susceptibility to KD.

In this study, the BMI and the proportion of small CAAs
of the group that achieved CAA regression was significantly
higher. To some extent, our study further confirmed that
the frequency of CAA regression varies greatly depending
on the severity of coronary arteries and nutritional status.
Recent clinical studies from several countries [European:
La Vecchia’s team (33), Japanese: lio’s team (34) and USA:
Son’s team (35)] have shown that KD patients with a high
Z score at diagnosis (Z-score +2 or +2.5 or higher) have an
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independent risk of developing CAA. Besides, our study
indicated that a higher BMI level, which represented a
better nutritional status at admission, may contribute to
the prognosis of CAAs. In addition to paying attention to
the BMI at admission, children with CAAs would tend to
consciously reduce their physical activity, which is very
likely to cause an increase in BMI in the later stage of
the disease. Therefore, we should also pay attention to
evaluating the changes in BMI during the follow-up period.

As for the laboratory features before and after treatment,
our study identified that a higher Cys C level before
IVIG was the independent risk factors in KD with CAA.
Patients with KD sometimes present trace proteinuria
and sterile pyuria. However, kidney and urinary severe
involvement of KD is uncommon (36). First in 2003, a
study of Gupta-Malhotra’s team (22) showed that the Cys C
levels of children with KD (n=17) were significantly
decreased compared to patients without infections (n=18,
eight adults and 10 children). In 2020, Junji Azuma and
his colleagues (13) found that the maximum value of
urinary P2-microglobulin before IVIG treatment was
significantly associated with CALs in KD, which has linked
KD to kidney and urinary involvement. However, as a
serum renal function indicator, the connection between
Cys C and CAA has received little attention. Cys C is
generated by all nucleated cells; therefore, it is expected
to be greater under situations of rapid cell turnover, such
as inflammatory disorders. According to Emil Carlsson’s
study (37), Cys C was crucial for immunological control
and viral and microbial infection resistance. As a systemic
vasculitis, Cys C could be elevated in KD patients,
especially those with CAA information. Much less, the
onset of KD cannot currently rule out infectious factors.
CRP levels were not significantly different between the
CAA and NCAA groups, nor between the normal group
and the persistent CAA group in this study. Therefore, we
speculated that the systemic inflammatory levels among the
subgroups of KD were comparable. According to a 10-year
follow-up cohort study which included 7,745 patients
aged 31 to 75 years, Cys C was associated with long-term
cardiovascular mortality risk (38). Besides, higher Cys C is
related to major cardiac adverse events (39). According to
a case-control study among pediatric patients, Cys C may
have an impact on the process of myocardial remodeling
through suppressing the activity of endogenous cysteine
protease (21). Therefore, for children with KD who had
a higher level of Cys C, when coronary artery inflamed,
the coronary artery remodeling process may be inhibited,

© AME Publishing Company.
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thereby resulting in the formation of CAAs. In some extent,
the result of our study that Cys C levels increased in CAA
patients, was inconsistent with Monesha Gupta-Malhotra’s.
In addition to racial, regional, and genetic factors, the small
sample size may contribute to the inconsistency. These
investigations highlighted the potential involvement of Cys
C in the progression of cardiovascular diseases, including
coronary artery complications in KD.

In the current work, we retrospectively examined the
predictive value of sampling-time specific Cys C for CAA
patients in KD. Cys C may be a promising predictor for
the development of CAA in KD, even though its predictive
value in KD with CAA was insufficient. Encouragingly,
after sampling-time stratification, it was found that, Cys C
>0.71 obtained within five days after fever, may prove
to be a useful predictor of CAA development in KD,
which had a high sensitivity (100%) and a relatively low
specificity (42.9%), as evidenced by a moderate AUC
(0.752) in our study. Based on our work, evaluating serum
Cys C concentration within five days of fever may help
predict the formation of CAA. Given its high sensitivity
(100%) and low specificity (42.9%), Cys C could work as
a potential supplementary predictor in the acute phrase
of KD to reduce the underdiagnosis of CAA, for in the
echocardiography, the coronary arteries are usually normal
in the acute phrase and the lesions of coronary arteries
appear in the subacute period. KD patients within five days
of disease onset with a level of Cys C more than 0.71 mg/L
may require closer monitoring for the formation of CAAs
at the one-month follow-up. To provide better insight into
the value of Cys C, a comparison with established predictive
scores (Kobayashi, Egami, and Sano risk scores) was made.
However, the predictive values of the above scoring were
not so ideal due to racial and regional factors. Junji Azuma’s
model (13) combined urinary p2-microglobulin with other
five indicators (age, gender, IVIG-refractory, frequency
of steroid pulse therapy, CRP level) and was robust with
a sensitivity and specificity of 73% and 99%. However,
urine-related protein testing was not performed in the KD
patients of our retrospective study. It may be an inspiration
that combining urine-related proteins or other indicators
in further prospective research to improve the robustness
of the model. The relevance of sampling-time-specific (for
example, day 1, day 2, ..., day 10) Cys C cut-off values
towards the prediction of CAA was exactly what we were
interested in. Due to the small sample size (CAA group) and
some missing data, we roughly divided the sampling time of
Cys C into within five days and more than five days instead,
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which prohibited us from further exploring the association
between the value of sampling-time-specific Cys C and
CAA and may influence the estimation of P value (power
value 0.384). At least, for CAA development in KD patients,
these results offer crucial proof of the differences between
the prediction values by the same parameter. However, to
predict CAA in KD patients, future randomized controlled
trials are required to determine various Cys C cut-off values
based on sampling-times. To confirm our findings, a large
sample size from various populations and fundamental
research are also necessary.

Notably, significant differences were observed in
polymorphous exanthem, changes in the extremities and
Cecr levels between the CAA group and NCAA group,
suggesting that individuals with KD who had lower Cer
or lacked the clinical manifestation of polymorphous
exanthem and changes in the extremities may be more
susceptible to developing CAA. As both are indicators of
renal function, why could Cys C be a risk factor for KD
with CAA after multivariate regression analysis, while Cer
only demonstrated statistical significance in the difference
test? Actually, for most of children with KD included in
this study, their renal function tests before initial IVIG
treatment were also conducted in the clinical laboratory of
our institution, whose Ccr was calculated from Cys C [Cer
= (80.35/Cys C) - 4.32]. The remaining part of patients
with KD had their renal function evaluated in other medical
institutions at the early stage of the disease. This might
partially explain the loss of the statistical power of Ccr. This
finding of Cer is in line with previous research (40), which
observed slight renal function impairment in some children
with KD. Uncertainty surrounds the underlying causes of
renal failure in KD patients, which may be brought on by
dehydration, inflammatory mediators, infectious agents, or
a mix of them. Luckily, in the children with KD included in
this study, dehydration was not observed. If there was renal
function impairment, the possibility of prerenal kidney
injury was small. Therefore, based on our observations,
KD patients with investigations that show lower Cer and
higher Cys C, or without the clinical manifestation of
polymorphous exanthem and changes in the extremities,
need constant monitoring and more frequent follow-
ups. We need more research as we learn more about the
pathophysiology of CAA development and regression to
better comprehend KD.

There are some limitations in this study as follows.
First, a selection bias could have occurred because of our
retrospective study and the small sample from a single

© AME Publishing Company.
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institution, which could limit the relevance of our findings
to other racial populations. Second, the lack of a gold
standard for diagnosing KD may have led to incorrect
classification of participants, due to the possibility that
some of the individuals in our research with incomplete
KD had another condition which was extremely similar to
KD instead of KD that cannot be fully ruled out. This is
especially important during the coronavirus disease 2019
pandemic because multisystem inflammatory syndrome
in children (41) has several clinical characteristics of KD.
By carefully excluding patients who had other infectious
diseases with a more probable cause, multisystem
inflammatory syndrome for example, we hoped to reduce
the probability of misdiagnosis. Besides, we have not
conducted fundamental research on the relationship
between Cys C, KD, and CAA. Finally, due to the small
sample size and the lack of data throughout the sampling
period, the risk factors for persistent CAA in KD could
not be identified by multivariate logistic analysis and
the statistical power was constrained. Thus, our results
should be interpreted cautiously. To validate our findings,
additional research including large sample sizes, a variety of
demographics and basic research are needed in the future.

Conclusions

Higher pre-IVIG Cys C levels may be associated with
increased CAA risk, but further large-scale prospective
studies are needed to confirm its predictive utility.
Furthermore, Cys C acquired within five days of disease
onset may theoretically provide better prediction power for
the CAA development in KD.
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