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Abstract
Objectives  Kawasaki disease (KD) is an acute immune-mediated vasculitis primarily affecting coronary arteries, with 
limited specific diagnostic biomarkers available. Chitinase protein-40 (YKL-40), a glycoprotein secreted by neutrophils 
and macrophages, has been associated with vascular inflammation in cardiovascular diseases. This study aimed 
to investigate the role of YKL-40 in KD by analyzing its serum levels, correlations with inflammatory markers, and 
potential as a diagnostic and prognostic biomarker.

Methods  Serum YKL-40 and interleukin-6 (IL-6) levels were measured using enzyme-linked immunosorbent assay 
(ELISA) in 46 children with KD (16 with coronary artery lesions [CAL], 30 without CAL) and 30 healthy controls. 
Correlations between YKL-40, IL-6, C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), white blood cell 
(WBC) count, and platelet (PLT) levels were analyzed.

Results  YKL-40, IL-6, CRP, ESR, WBC, and PLT levels were significantly elevated in KD patients compared to controls. 
YKL-40 levels correlated positively with IL-6, CRP, and ESR. A serum YKL-40 threshold of ≥ 71.930 ng/mL predicted CAL 
with sensitivity and specificity of 0.875 and 0.800, respectively. Combining YKL-40 with IL-6 improved sensitivity and 
specificity to 0.938 and 0.833.

Conclusions  YKL-40 is significantly elevated in KD and correlates with inflammatory markers, suggesting its 
involvement in disease pathogenesis. It is a promising inflammatory biomarker and independent risk factor for 
predicting CAL in KD, offering potential for improved diagnosis and prognosis.

Clinical trial number  Not applicable.
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Introduction
Kawasaki disease (KD) is an acute systemic immune vas-
culitis predominantly affecting children and infants, char-
acterized by inflammation in small- and medium-sized 
arteries [1]. Clinical manifestations include persistent 
fever, cervical lymphadenopathy, mucosal and conjunc-
tival inflammation, polymorphic rash, and extremity 
edema with desquamation [2]. Cardiovascular complica-
tions, such as myocarditis, arrhythmias, coronary artery 
lesions (CAL), are the most severe outcomes, making KD 
a leading cause of acquired heart disease in children [3]. 
Genetic susceptibility is a well-established risk factor for 
KD, with genome-wide association studies (GWAS) iden-
tifying polymorphisms in immune-related genes such as 
ITPKC (inositol 1,4,5-trisphosphate 3-kinase C), CASP3 
(caspase-3), and FCGR2A (Fc gamma receptor IIa) that 
influence disease susceptibility and CAL risk [4, 5, 6]. For 
example, the ITPKC rs28493229 polymorphism disrupts 
T-cell activation regulation, predisposing individuals to 
hyperinflammation and coronary aneurysms [7]. Simi-
larly, FCGR2A variants alter IgG immune complex clear-
ance, exacerbating endothelial injury [6]. These findings 
underscore the interplay between genetic predisposition 
and dysregulated immune responses in KD pathogenesis.

The etiology and pathogenesis of KD are not fully 
understood but likely involve interactions between infec-
tious, environmental, immunological, and genetic factors 
[8]. Current evidence suggests that pathogen invasion 
in genetically predisposed individuals triggers immune 
activation and an inflammatory cascade, leading to wide-
spread vascular endothelial damage and dysfunction [9]. 
Key cytokines, including Tumor Necrosis Factor-alpha 
(TNF-α), Interleukin-6 (IL-6), and Interferon-gamma 
(IFN-γ), play critical roles in vascular inflammation [10]. 
Early disease stages feature activation of monocytes, 
macrophages, and T lymphocytes, producing cytokines 
and chemokines that recruit inflammatory cells to the 
vascular wall. Subsequent platelet adhesion to endothe-
lial cells exacerbates vascular injury by increasing perme-
ability and extracellular matrix destruction, ultimately 
causing vascular dilation, fragility, and smooth muscle 
loss [11]. Elevated IL-6, in particular, has been associated 
with CAL in KD patients, highlighting its significance in 
vascular endothelial injury [12, 13].

Chitinase protein-40 (YKL-40), also known as chitin-
ase-3-like protein 1, is a glycoprotein secreted primarily 
by neutrophils and macrophages in inflammatory tis-
sues [14, 15]. While its exact biological function remains 
unclear, YKL-40 is implicated in inflammation-related 
pathways, extracellular matrix remodeling, and endothe-
lial dysfunction [16]. Elevated serum YKL-40 levels are 
observed in diseases involving persistent inflammation 
and fibrosis, such as rheumatoid arthritis (RA), bronchial 
asthma, hepatic fibrosis, and cardiovascular conditions 

[16, 17]. In vasculitis, YKL-40 levels correlate with dis-
ease activity and endothelial dysfunction, suggesting its 
potential as a biomarker for vascular inflammatory dis-
eases [18, 19, 20]. Furthermore, elevated YKL-40 levels 
have been linked to the progression of coronary artery 
disease and the severity of coronary lesions [21].

Given its role in inflammation and endothelial injury, 
YKL-40 may play a critical role in KD-related vascular 
damage. Thus, our study hypothesizes that serum YKL-
40 levels are elevated in KD patients during the acute 
stage and correlate with inflammatory cytokines and clin-
ical parameters of inflammation. Using Enzyme-Linked 
Immunosorbent Assay (ELISA), this research aims to 
quantify serum YKL-40 levels in acute-stage KD children 
and explore their associations with cytokines such as IL-6 
and inflammatory markers (C-reactive protein (CRP), 
Erythrocyte Sedimentation Rate (ESR), White Blood Cell 
(WBC) count, and Platelet (PLT) count) to evaluate its 
clinical significance as a potential biomarker.

Materials and methods
Subjects
A total of 46 children diagnosed with KD at the Depart-
ment of Pediatrics, Weifang People’s Hospital, were 
enrolled in the study (between January 1, 2020, and 
December 31, 2023). Additionally, 30 healthy children 
who underwent routine physical examinations at the 
same hospital served as the control group. Demographic 
information, including age and gender, was collected for 
all subjects. The study was approved by the Ethics Com-
mittee of Weifang People’s Hospital, and informed con-
sent was obtained from the parents of all participating 
children.

Inclusion criteria
KD was diagnosed according to the criteria established 
by the American Heart Association, which requires a 
fever lasting at least five days, with day 1 being the onset 
of fever, and at least four of the following five primary 
clinical signs:

(1)	Changes in the limbs, such as acute erythema and 
edema of the palms and soles, hard edema of the 
hands and feet, and membranous desquamation of 
the fingertips and toes during the recovery period;

(2)	Erythema multiforme;
(3)	Bilateral non-exudative conjunctivitis;
(4)	Lip congestion, cracking, diffuse congestion of the 

oral mucosa, and a “strawberry tongue” (a tongue 
resembling a waxberry tongue);

(5)	Enlarged cervical lymph nodes with a diameter of 
≥ 1.5 cm.
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In cases where at least four clinical signs, especially red-
ness and swelling of the hands and feet, were present, KD 
could be diagnosed after just four days of fever. In rare 
cases, experienced clinicians may confirm the diagnosis 
after only three days of fever.

Exclusion criteria
Children with any of the following conditions were 
excluded from the study:

(1)	Immunodeficiency or moderate-to-severe 
malnutrition;

(2)	Recurrent respiratory tract infections;
(3)	Significant organ diseases such as heart failure or 

liver failure.

Diagnostic criteria for CAL
Cardiac ultrasound was performed within 7–14 days 
of the onset of symptoms to diagnose CAL. CAL was 
defined by the following criteria [2]:

(1)	A coronary artery diameter of ≥ 3 mm in children 
under 5 years of age, or ≥ 4 mm in those older than 5 
years;

(2)	Significant irregularities in the coronary artery, with 
the diameter of the affected segment exceeding 1.5 
times the diameter of adjacent normal segments.

The Z-Score was used to classify the severity of coronary 
artery abnormalities:

(1)	No involvement: Z-Score < 2;
(2)	Dilation only: Z-Score between 2 and < 2.5, or 

if initially < 2, a decrease in Z-Score ≥ 1 during 
follow-up;

(3)	Small aneurysm: Z-Score ≥ 2.5 to < 5;
(4)	Medium aneurysm: Z-Score ≥ 5 to < 10, with an 

absolute dimension < 8 mm;
(5)	Large or giant aneurysm: Z-Score ≥ 10, or an absolute 

dimension ≥ 8 mm.

Instrumentation and reagents
Instrumentation
Automatic Enzyme-Linked Immunosorbent Assay 
(ELISA) System: Shenzhen Bred Bio; Micro-Adjustable 
Pipette: Thermo Fisher Scientific, USA; Electronic Lumi-
nescence Detector: Siemens, Germany; Low-Tempera-
ture Centrifuge: Anxin Baiyang; Vortex Mixer (Model 
XW-80): Shanghai Chitang; RO-DI Ultra-Pure Water 
System: Youchun; Automated Hematology Analyzer: 
Sysmex, Japan (Model XE-2100); Modular Fully Auto-
matic Biochemical Analyzer: Jinan Feilan; Cobas e601 
Fully Automated Immune Analyzer: Roche, Switzerland; 

Westergren’s Blood Sedimentation Rack: Roche, Switzer-
land; Jiangsu Kangjie.

Reagents
YKL-40 Kit: Shanghai Shuangying Biotechnology; IL-6 
Kit: Wuhan Boster Bioengineering; CRP Kit: Shanghai 
DiaSys Diagnostic Systems.

Methods
Inflammatory markers detection
Fasting venous blood samples were collected from chil-
dren diagnosed with Kawasaki Disease (KD) the morning 
after admission (prior to intravenous immunoglobulin 
treatment) and from control subjects on the morning of 
their routine physical examination. Routine blood tests 
were performed using a Sysmex XE-2100 automated 
hematology analyzer with the corresponding reagent kits. 
ESR was measured using the Westergren method, and 
CRP was measured using the Roche Modular biochemi-
cal analyzer with the DiaSys Diagnostic System CRP 
assay kit (immunoturbidimetry), according to the manu-
facturer’s instructions.

Determination of serum YKL-40 and IL-6 levels
Fasting venous blood samples (5 mL) were collected 
from children diagnosed with Kawasaki Disease (KD) 
the morning after their admission, prior to receiving 
intravenous immunoglobulin treatment. For the control 
group, samples were collected on the morning of their 
scheduled physical examination. The blood samples were 
kept at room temperature for 30 min, then centrifuged at 
4000 rpm for 15 min. 1 mL of the separated serum was 
transferred to a clean, sterile centrifuge tube and stored 
at -80 °C for further testing. Prior to analysis, the serum 
samples and reagents were equilibrated to room temper-
ature for approximately 1 h.

Serum YKL-40 and IL-6 levels were determined using 
ELISA kits according to the manufacturer’s instruc-
tions. The steps for IL-6 detection were identical to 
those for YKL-40. Briefly, 100 µL of serum samples and 
standard solutions were added to the designated wells 
of a 96-well ELISA plate. After incubation and washing, 
biotin-labeled antibodies and avidin-peroxidase complex 
working solutions were added sequentially, followed by 
incubation at 37  °C. The reaction was developed using 
TMB substrate, stopped with a stop solution, and the 
optical density (OD) was measured at 450  nm using an 
ELISA reader.

Statistical analysis
Data were analyzed using SPSS 25.0. For normally dis-
tributed data, independent sample t-tests and one-
way analysis of variance (ANOVA) were applied. 
Non-normally distributed data were analyzed using the 
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Mann-Whitney U test and Kruskal-Wallis test. Correla-
tions were assessed using Pearson and Spearman correla-
tion analyses. Logistic regression models were employed 
to identify risk factors for CAL in children with KD. A 
multivariate logistic regression model was used to eval-
uate the independent risk factors. Receiver operating 
characteristic (ROC) curves were constructed to assess 
the diagnostic value of serum YKL-40 and IL-6 levels, 
both individually and in combination, for KD with CAL. 
P < 0.05 was considered statistically significant.

Results
Demographic information
The mean ages of the KD with CAL group, KD with-
out CAL group, and control group were 2.87 ± 1.61, 
2.21 ± 1.45, and 3.01 ± 1.19 years, respectively, with no 
statistically significant differences (P > 0.05). The KD with 
CAL group included 10 boys and 6 girls, the KD without 
CAL group included 18 boys and 12 girls, and the control 
group comprised 15 boys and 15 girls, with no significant 
gender differences (P > 0.05) (Table 1).

Serum levels of YKL-40 and IL-6 in different groups
The serum YKL-40 level in the KD group (70.88 ± 17.24 
ng/mL) was significantly higher than that in the control 
group (21.48 ± 15.15 ng/mL) (t = 12.796, P < 0.01). Simi-
larly, the serum IL-6 level was significantly higher in the 
KD group (91.00 ± 16.49 ng/mL) compared to the control 
group (3.54 ± 1.65 ng/mL) (t = 35.696, P < 0.01). Addition-
ally, serum YKL-40 levels in the KD with CAL group 
(85.12 ± 10.83 ng/mL) were significantly higher than in 
the KD without CAL group (63.28 ± 15.12 ng/mL), with 
statistical significance (t = -5.107, P < 0.01). IL-6 levels in 
the KD with CAL group (103.69 ± 16.38 ng/mL) were also 
significantly higher than in the KD without CAL group 
(84.23 ± 12.12 ng/mL) (t = -4.582, P < 0.01) (Table 1).

Inflammatory markers in different groups
Blood levels of WBC, PLT, CRP, and ESR in children 
with KD were significantly higher than in the control 
group (P < 0.01 for all comparisons). Specifically, the lev-
els of WBC (16.29 ± 5.86), PLT (431.04 ± 151.92), CRP 

(53.48 ± 18.07), and ESR (56.32 ± 47.22) in the KD group 
were significantly elevated compared to the control group 
(6.90 ± 0.50, 241.00 ± 70.05, 16.50 ± 13.38, and 0.80 ± 0.60, 
respectively; P < 0.01). No significant differences in the 
blood levels of WBC, PLT, CRP, and ESR were observed 
between the KD with CAL and KD without CAL groups 
(P > 0.05 for all comparisons, Table 1).

Correlation between serum YKL-40 level and inflammatory 
markers in KD
As shown in Fig. 1A-C, the serum YKL-40 level in chil-
dren with KD showed positive correlations with IL-6 
(r = 0.508, P < 0.01), CRP (r = 0.466, P < 0.01), and ESR 
(r = 0.369, P < 0.05). However, no significant correlation 
was found between YKL-40 and the blood levels of PLT (r 
= -0.197, P > 0.05) or WBC (r = 0.082, P > 0.05) (Fig. 1D-E).

Logistic regression analysis of YKL-40 and IL-6 levels as risk 
factors for KD with CAL
Logistic regression analysis was conducted with KD 
without CAL and KD with CAL groups as the dependent 
variable, and serum YKL-40 and IL-6 levels as indepen-
dent variables. The results indicated that serum YKL-40 
(N > 71.930 ng/mL, OR = 1.093, 95% CI: [1.015–1.175], 
P = 0.018) and IL-6 (N > 89.760 pg/mL, OR = 1.097, 95% 
CI: [1.008–1.194], P = 0.032) were independent risk fac-
tors for KD with CAL.

Predictive value of serum YKL-40 and IL-6 for KD with CAL
ROC curves for YKL-40, IL-6, and their combination 
were constructed (Fig.  2). YKL-40 exhibited an AUC of 
0.884 (95% CI: 78.81–98.07%), indicating high diagnos-
tic accuracy for KD with CAL. IL-6 also showed high 
diagnostic performance with an AUC of 0.850 (95% CI: 
73.45–96.55%). Notably, the combination of YKL-40 and 
IL-6 had a relatively high AUC of 0.917 (95% CI: 83.64–
99.69%) (Table 2).

Table  2 summarizes the diagnostic performance 
of each marker: (1) The AUC for YKL-40 was 0.884, 
with an optimal threshold of 0.675 (sensitivity = 0.875, 
specificity = 0.800). (2) The AUC for IL-6 was 0.850, 
with an optimal threshold of 0.579 (sensitivity = 0.813, 

Table 1  Demographic, inflammatory, and biomarker comparisons across groups
Parameter KD with CAL (n = 16) KD without CAL (n = 30) Control (n = 30) KD vs. Control KD with CAL vs. KD without CAL
Age (years) 2.87 ± 1.61 2.21 ± 1.45 3.01 ± 1.19 F = 0.818, P = 0.396 -
Gender (Male) 10 (62.50%) 18 (60.00%) 15 (50.00%) χ² = 3.114, P = 0.067 -
YKL-40 (ng/mL) 85.12 ± 10.83 63.28 ± 15.12 21.48 ± 15.15 t = 12.796, P = 0.000** t = -5.107, P = 0.000**
IL-6 (ng/mL) 103.69 ± 16.38 84.23 ± 12.12 3.54 ± 1.65 t = 35.696, P = 0.000** t = -4.582, P = 0.000**
PLT (×10⁹/L) 419.06 ± 140.47 437.43 ± 159.65 241.00 ± 70.05 t = 7.368, P = 0.000** t = 0.387, P = 0.701
WBC (×10⁹/L) 16.74 ± 5.01 16.06 ± 6.34 6.90 ± 0.50 t = 10.444, P = 0.000** t = -0.371, P = 0.712
ESR (mm/h) 60.19 ± 16.13 49.90 ± 18.27 16.50 ± 13.38 t = 3.983, P = 0.000** t = -1.891, P = 0.065
CRP (mg/L) 57.34 ± 34.48 55.77 ± 53.33 0.80 ± 0.60 t = 7.967, P = 0.000** t = -0.107, P = 0.916
*P < 0.05, **P < 0.01
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Table 2  Diagnostic performance of YKL-40 and IL-6
Biomarker AUC (95% CI) Optimal threshold Sensitivity Specificity Cut-off Statistical Significance (P)
YKL-40 0.884(0.788–0.981) 0.675 0.875 0.800 71.930 0.000**
IL-6 0.850 (0.734–0.966) 0.579 0.813 0.767 89.760 0.000**
YKL-40
+ IL-6

0.917 (0.836–0.997) 0.771 0.938 0.833 - 0.000**

*P < 0.05, **P < 0.01

Fig. 2  ROC curves depicting the serum levels of YKL-40 and IL-6 for individual and combined diagnosis of KD combined with CAL

 

Fig. 1  Correlation between serum levels of YKL-40 and IL-6, ESR, CRP, PLT and WBC
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specificity = 0.767). (3) The combined AUC for YKL-40 
and IL-6 was 0.917, with an optimal threshold of 0.771 
(sensitivity = 0.938, specificity = 0.833).

This analysis suggests that the combination of YKL-
40 and IL-6 offers superior diagnostic performance in 
identifying KD with CAL compared to each marker 
individually.

Discussion
KD was first identified by Tomisaku Kawasaki in Japan in 
the 1960s and has now been recognized for over 50 years 
[22]. KD predominantly affects preschool children, with 
the highest incidence seen in those under the age of five 
[2]. Clinically, KD presents as acute systemic vasculitis, 
primarily targeting small- and medium-sized arteries [1]. 
Common symptoms include oral mucosal lesions, per-
sistent fever, bulbar conjunctiva hyperemia, and poly-
morphic rashes. The major complication of KD is CAL, 
which may lead to coronary artery dilation, aneurysm 
formation, and other cardiovascular issues [23, 24]. Due 
to the lack of specific diagnosis methods, the diagnosis 
of KD mainly relies on clinical features, highlighting the 
importance of exploring novel technologies for its diag-
nosis and treatment [25].

The pathogenesis of KD is complex and involves mul-
tiple factors, including infection, environmental influ-
ences, immune responses, and genetic predisposition [8]. 
Immunological studies show that the immune response 
in KD is highly active, with inflammatory cytokine cas-
cades playing a crucial role in the development of vas-
culitis [3]. In particular, pro-inflammatory cytokines are 
central to the immune response in KD, potentially pro-
moting endothelial damage and thereby contributing 
to the development of CAL [12, 13] Currently, specific 
serum biomarkers for diagnosing KD are limited, with 
commonly used markers such as ESR, CRP, and white 
blood cell count. IL-6, a multi-functional cytokine syn-
thesized primarily by neutrophils, monocytes, and mac-
rophages, plays a critical role in acute immune responses 
during infections and trauma [26]. It also contributes to 
various forms of vasculitis and has been implicated in the 
pathogenesis of systemic inflammatory diseases, includ-
ing juvenile idiopathic arthritis, systemic lupus erythe-
matosus, and KD [27, 28]. Consistent with previous 
studies, our results demonstrated a significant increase 
in serum IL-6 levels in children with KD, particularly in 
those with CAL. ROC analysis revealed that a serum IL-6 
level of ≥ 89.760 ng/mL had a sensitivity of 0.813 and a 
specificity of 0.767 for detecting KD with coronary artery 
involvement.

YKL-40, an inflammation-related glycoprotein with 
a structure resembling bacterial chitinase’s 18-glyco-
syl hydrolase [29], is primarily synthesized by macro-
phages, vascular smooth muscle cells, chondrocytes, and 

neutrophils [30, 31]. While the precise biological func-
tion of YKL-40 remains unclear, it is thought to modulate 
the expression of various inflammatory cytokines, par-
ticipate in inflammation-related signaling pathways, and 
promote cellular processes such as proliferation, differen-
tiation, migration, extracellular matrix remodeling, and 
angiogenesis [16]. This makes YKL-40 a potentially valu-
able marker for a wide range of inflammatory conditions, 
including KD, where its role in immune response and tis-
sue remodeling could be crucial in understanding disease 
progression and complications. Elevated serum levels of 
YKL-40 are associated with numerous inflammatory and 
fibrotic diseases, including cardiovascular diseases [32], 
diabetes [33], rheumatoid arthritis [19], liver fibrosis [34], 
and cancers [35], which has garnered increased research 
interest. Kocyigit et al. [18] observed that elevated YKL-
40 levels contributed to endothelial dysfunction and 
proteinuria in nephrotic syndrome patients, while Kaza-
kova et al. [36] found that YKL-40 levels in both serum 
and synovial fluid were significantly increased in patients 
with rheumatoid arthritis and correlated with the degree 
of angiogenesis and synovial membrane thickening. 
YKL-40’s role in promoting chemotaxis, adhesion, and 
migration of endothelial cells suggests its involvement in 
endothelial dysfunction and the progression of coronary 
heart disease [37]. Additionally, studies have shown that 
YKL-40 levels correlate positively with coronary artery 
disease severity, as indicated by the number of affected 
arteries and the Gensini score [38], positioning YKL-40 
as a promising cardiovascular biomarker.

In our study, serum YKL-40 levels were significantly 
elevated in children diagnosed with KD, and these levels 
exhibited a positive correlation with other key inflamma-
tory markers, including IL-6, CRP, and ESR. This obser-
vation aligns with its established role as a biomarker of 
inflammation and tissue remodeling in cardiovascular 
and immune-mediated diseases [32]. YKL-40 secreted 
by activated neutrophils, macrophages, and endothelial 
cells, is not merely a passive marker but an active con-
tributor to vascular injury through multifaceted mecha-
nisms [14]. Mechanistically, YKL-40 amplifies vascular 
inflammation by binding to receptors such as IL-13Rα2 
and syndecan-1, activating MAPK/NF-κB pathway that 
drives pro-inflammatory cytokine production (IL-6, 
TNF-α) [39, 40], ultimately leading to endothelial dys-
function. Moreover, YKL-40 upregulates the expression 
of vascular endothelial growth factor (VEGF), stimulat-
ing the proliferation and migration of endothelial cells 
and promoting abnormal angiogenesis [41]. Addition-
ally, it modulates the activity of matrix metalloprotein-
ases—such as MMP-9—accelerating the degradation and 
remodeling of the extracellular matrix and compromising 
the structural integrity of the vascular wall [42]. Together, 
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these molecular mechanisms may contribute to the onset 
and progression of CAL in patients with KD.

Emerging mechanisms such as anti-endothelial cell 
autoantibodies (AECAs) and immunothrombosis fur-
ther highlight the complexity of KD pathogenesis. 
AECAs, which target endothelial antigens, may exacer-
bate vascular injury by promoting complement activa-
tion, leukocyte recruitment, and endothelial apoptosis 
[43–44]. Recent studies propose that AECAs contrib-
ute to coronary artery damage in KD by amplifying 
immune-mediated endothelial dysfunction. Concur-
rently, immunothrombosis—a process linking inflamma-
tion and thrombosis—has been implicated in KD-related 
vascular complications. Activated neutrophils and 
platelets release prothrombotic factors and extracellu-
lar traps (NETs), which may drive microvascular occlu-
sion and coronary aneurysm formation [45]. While our 
study focused on serum biomarkers, future investigations 
should explore interactions between YKL-40, IL-6, and 
these novel mechanisms to unravel their synergistic roles 
in CAL development.

Furthermore, our results underscore the significance of 
YKL-40 in KD with CAL. We found that serum levels of 
YKL-40, along with IL-6, were significantly higher in KD 
patients with CAL compared to those without CAL. This 
finding is consistent with previous studies linking both 
IL-6 and YKL-40 to endothelial dysfunction and coro-
nary artery disease [37–38]. IL-6 is known to be a critical 
mediator in the acute phase of KD, and its elevated levels 
have been associated with coronary artery involvement 
in this disease [13, 27]. Our study reinforces this connec-
tion by demonstrating that elevated serum levels of both 
YKL-40 and IL-6 serve as independent risk factors for the 
development of CAL in KD, providing further evidence 
of their role in the pathophysiology of this condition.

Importantly, our study introduces YKL-40 as a novel 
biomarker candidate in the context of KD, particularly 
highlighting its potential utility in predicting CAL. The 
novelty lies in identifying a marker potentially reflecting 
specific pathways of vascular inflammation and tissue 
remodeling central to KD, moving beyond traditional, 
less specific inflammatory markers like CRP and ESR. 
Our findings suggest a potential pathway for integrating 
YKL-40 assessment into current KD management pro-
tocols. Specifically, measuring serum YKL-40 levels at 
the time of diagnosis could serve as a valuable tool for 
risk stratification. When the serum level of YKL-40 was 
≥ 71.930 ng/mL, the sensitivity for predicting KD with 
CAL was 0.800, highlighting the independent predictive 
potential of YKL-40, a relatively unexplored marker in 
this specific clinical setting. More notably, our research 
distinctively demonstrates that the combination of YKL-
40 and IL-6 further enhanced diagnostic performance, 
achieving a sensitivity of 0.938 and specificity of 0.833 

for predicting CAL. This combined strategy offers a 
potentially more robust and mechanistically informa-
tive approach compared to relying solely on traditional 
biomarkers, which often lack specificity and fail to fully 
capture the complex immune dysregulation driving CAL 
development. Therefore, incorporating YKL-40 into diag-
nostic or prognostic panels could aid clinicians in iden-
tifying high-risk patients early, potentially allowing for 
more vigilant monitoring or guiding decisions regarding 
adjunctive therapies in refractory cases, representing a 
significant and novel advancement in personalized risk 
assessment for KD. Further prospective studies are war-
ranted to validate these findings and definitively establish 
the clinical role of YKL-40 in routine KD.

Conclusions
In children with KD, serum YKL-40 levels were signifi-
cantly elevated and positively correlated with IL-6, CRP, 
and ESR levels. These findings suggest that YKL-40 may 
play a role in the pathogenesis of KD and could serve as 
an effective inflammatory marker for the disease. Addi-
tionally, elevated serum levels of both YKL-40 and IL-6 
were identified as independent risk factors for the devel-
opment of CAL in KD. Notably, serum YKL-40 levels may 
serve as a reliable predictor of KD with CAL, offering 
potential for improved diagnosis and early intervention.

Limitations and future perspectives
While this study provides novel insights into the role of 
YKL-40 as a biomarker in KD, several limitations should 
be acknowledged. First, the single-center design and 
modest sample size may limit the generalizability of our 
findings. Future multi-center studies with larger cohorts 
are essential to validate the diagnostic thresholds of 
YKL-40 and IL-6 across diverse populations. Second, 
while we focused on acute-phase biomarkers, longitudi-
nal data tracking YKL-40 dynamics during disease pro-
gression are lacking. Incorporating serial measurements 
could clarify whether YKL-40 normalization correlates 
with clinical outcomes or residual vascular injury. Third, 
our analysis did not explore the direct biological role of 
YKL-40 in endothelial dysfunction or emerging mecha-
nisms such as AECAs and immunothrombosis. Mecha-
nistic studies using in vitro models or animal systems are 
needed to dissect how YKL-40 interacts with these pro-
cesses to drive coronary artery lesions.
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