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Abstract: Background and Objectives: Kawasaki Disease (KD) is a childhood vasculitis with potential
long-term neurological implications. This study examines the association between KD and
subsequent neuropsychiatric and neurodevelopmental disorders using national health data from
South Korea. Materials and Methods: Using the National Health Information Database, we identified
KD patients diagnosed between 2002 and 2021 and selected those born between 2008 and 2015. A 1:4
propensity score matching was applied to create a control group. The incidence of neuropsychiatric
and neurodevelopmental disorders from 2017 to 2021 was analyzed using Cox proportional hazards
models, adjusting for age, sex, and urbanicity. Results: The study included 41,806 KD subjects and
163,829 matched controls. KD was associated with an increased risk of certain neuropsychiatric
disorders: anxiety disorder (HR 1.124, 1.047-1.207), sleep-related disorder (HR 1.257, 1.094-1.444),
movement disorder (HR 1.227, 1.030-1.461), and any neuropsychiatric disorder (HR 1.102, 1.053—
1.153). For neurodevelopmental disorders, KD patients showed a lower incidence of intellectual
disability (HR 0.747, 0.641-0.871) but an increased risk of tic disorder (HR 1.148, 1.020-1.292). No
significant associations were found with other neurodevelopmental disorders. Male gender and
urban residency were associated with higher incidence rates for certain conditions. Conclusions: KD
patients show increased risks for anxiety, sleep-related, movement disorder and tic disorder, a
reduced incidence of intellectual disability, and a higher risk of tic disorder. These findings highlight
the need for long-term neurological monitoring in KD patients and provide insights into its potential
neurodevelopmental impact.

Keywords: Kawasaki disease; neuropsychiatric disorder; neurodevelopmental disorder

1. Introduction

Kawasaki disease (KD) is an acute systemic vasculitis primarily affecting children, with cardiac
complications being the major focus of its long-term prognosis [1]. However, KD is also associated
with various neurological manifestations, such as seizures, hearing loss, facial nerve palsy, and
paralysis, which suggest the potential involvement of the central nervous system [2]. Previous studies
have explored KD-related neurological complications using diverse approaches, such as
cerebrospinal fluid (CSF) cytokine analyses and single-photon emission computed tomography
(SPECT) imaging that revealed acute-phase hypoperfusion in KD patients [3,4]. These findings
suggest that underlying neuroinflammatory mechanisms may contribute to the risk of neurological
complications in patients with KD.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202503.0445.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 March 2025 d0i:10.20944/preprints202503.0445.v1

2 of 13

In addition to neurological complications, evidence from autoimmune diseases like systemic
lupus erythematosus, rheumatoid arthritis, and ankylosing spondylitis suggests a strong association
between chronic inflammatory conditions and psychiatric disorders [5-7]. Atopic dermatitis and
asthma have also been linked to mental health conditions [8]. Given KD’s inflammatory nature, it is
plausible to hypothesize that KD may similarly predispose patients to neuropsychiatric and
neurodevelopmental disorders, thereby influencing its long-term prognosis and emphasizing the
importance of early intervention and management.

While limited studies, such as national cohort studies from Taiwan and Canada, have attempted
to elucidate the relationship between KD and neuropsychiatric disorders, their findings remain
inconsistent [9,10]. The multifactorial etiology of neuropsychiatric diseases —encompassing genetic
markers of the immune system, environmental exposures, and social determinants—further
complicates this relationship [11,12]. Notably, no studies have explored this association in the context
of Korean patients. This study aims to address this gap by analyzing data from the National Health
Insurance Service (NHIS) to evaluate the incidence and prevalence of neurodevelopmental and
neuropsychiatric disorders in children with a history of KD, providing insights into the broader
impact of KD on long-term mental health outcomes.

2. Materials and Methods

2.1. Data Source

The South Korean healthcare system boasts a comprehensive public health database known as
the National Health Information Database (NHID), overseen by the NHIS [13]. This extensive
repository encompasses data on more than 50 million individuals, dating back to 2002, and includes
information on healthcare utilization, health screenings, socio-demographic factors, and mortality
rates. The NHID is composed of several interlinked databases, including eligibility, national health
screening, healthcare utilization, long-term care insurance, and healthcare provider information.
These databases offer detailed insights into insurance contributions, demographic data, health
behaviors, medical treatments, prescription records, and healthcare facilities. To ensure privacy, the
NHID employs deidentified join keys to connect these databases. This valuable resource has been
instrumental for researchers investigating various diseases, health conditions, risk factors, and the
impact of health policies. Access to NHID is granted through a formal application process, which
necessitates ethical approval and review by the NHIS committee.

2.2. Study Design and Population

The study identified individuals diagnosed with KD using the M303 diagnostic code between
2002 and 2021. The researchers focused on patients admitted with KD as the primary diagnosis who
received intravenous immunoglobulin or aspirin treatment. The cohort was further refined to include
only those born between 2008 and 2015. To establish a control group, the researchers employed 1:4
propensity score matching, accounting for age, sex, and urbanicity (Figure. 1). This method facilitated
a balanced comparison between KD cases and controls, reducing potential confounding variables.
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KD diagnosis among total population between 2002 and 2021
(n=158,766)

|

Subjects who admitted for KD as main diagnosis and
treated with IVIG or aspirin (n=95,461)

Exclusion (n=53,655)
* Those who was not born in 2008 to 2015
* Missing data

KD case Control
(n=41,806) (n=163,829)

Figure 1. Patient selection flow.

2.3. Study Outcomes

In our study, we categorized neurologic disorders into two main groups: neuropsychiatric
disorders and neurodevelopmental disorders. The neuropsychiatric disorders category encompassed
seven conditions: psychotic disorder, mood disorder, anxiety disorder, sleep-related disorder,
cognitive disorder, movement disorder, and personality disorder. The neurodevelopmental
disorders category included six conditions: intellectual disability, communication disorder, specific
learning disorder, autism spectrum disorder, attention deficit hyperactivity disorder (ADHD), and
tic disorder. We identified these disorders using their corresponding ICD-10 diagnostic codes, which
are detailed in the Table S1 [14,15]. Our observational period for assessing the incidence and
prevalence of these neurologic disorders spanned from 2017 to 2021. We defined incident cases as
newly diagnosed neurologic disorders within this observational period. Prevalent cases were
considered as the total number of subjects who received treatment for neurologic disorders during
the same period.

2.4. Ethics

The study was conducted in accordance with the Declaration of Helsinki and approved by the
Institutional Review Board of Wonju Severance Christian Hospital (CR322347). Given the
retrospective nature of the study utilizing anonymized claims data, the requirement for informed
consent was waived.

2.5. Statistical Analysis

In our statistical analysis, we compared the baseline characteristics of KD cases and controls
using the Mann-Whitney U test for continuous variables and the chi-square test for categorical
variables. We employed propensity score matching with a caliper width of 0.3 and the Greedy
matching method to identify KD cases and controls. To assess the incidence of neurologic disorders,
we utilized a Cox proportional hazard model, expressing results as hazard ratios (HRs) with 95%
confidence intervals. For prevalence assessment, we applied a logistic regression model, presenting
outcomes as odds ratios (ORs) with 95% confidence intervals. In our multivariate analysis of both HR
and OR, we adjusted for all variables including age, sex, and urbanicity. All statistical analyses were
performed using SAS 9.4 (SAS Institute Inc., Cary, NC, USA). We considered a P value less than 0.05
to be statistically significant.
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3. Results

3.1. Demographics of Study Participants

In our study of KD in Korea, we initially identified 158,766 subjects with a KD diagnosis from
2002 to 2021, drawn from a population of approximately 50 million (Figure. 1). To enhance the
accuracy of our cohort, we narrowed our focus to 95,461 patients who were admitted with KD as the
primary diagnosis and received KD-specific treatment. Our final KD cohort consisted of 41,806
subjects born between 2008 and 2015. Using a 1:4 ratio, we identified 163,829 matched controls.

Table 1 provides a comprehensive overview of the baseline characteristics for our study
participants. The KD patients had a mean age of 2.63 + 1.84 years, while the control group had a mean
age of 2.64 +1.85 years (p = 0.119). In terms of gender distribution, females made up 42.20% of the KD
group and 42.55% of the control group, showing no significant difference between the two cohorts (p
= 0.199). When examining the urban-rural split, we found that 67.11% of the KD group resided in
urban areas, compared to 66.53% of the control group (p = 0.025).

Table 1. Baseline characteristics of the study subjects.

Variables KD cases Controls p

(n =41,806) (n =163,829)
Age
Mean (years) 2.63+1.84 2.64+1.85 0.119
<2 years 22,038 (52.71) 85,992 (52.49) 0.225
34 years 13,376 (32.00) 52,226 (31.88)
> 5 years 6,392 (15.29) 25,611 (15.63)
Sex (female) 17,643 (42.20) 69,709 (42.55) 0.199
Urbanicity 0.025
Urban 28,054 (67.11) 108,991 (66.53)
Non-urban 13,752 (32.89) 54,838 (33.47)

Represented as mean + SD or n (%). KD: Kawasaki Disease.

3.2. Risk of Neuropsychiatric Disorders

The KD was associated with an increased risk of certain neuropsychiatric disorders, particularly
anxiety disorder (HR 1.124, 1.047-1.207, p = 0.001), sleep-related disorder (HR 1.257, 1.094-1.444, p =
0.001), movement disorder (HR 1.227, 1.030-1.461, p = 0.022) and any neuropsychiatric disorder (HR
1.102, 1.053-1.153, p < 0.001) (Figure. 2). No statistically significant association was found between
KD and the development of psychotic disorder (HR 1.097, 0.859-1.400, p = 0.459), mood disorder (HR
1.074, 0.980-1.176, p =0.126), cognitive disorder (HR 1.049, 0.988-1.114, p = 0.118), personality disorder
(HR 1.215, 0.990-1.492, p = 0.063). Detailed incidence results were presented in Table 2. Gender had a
notable impact, indicating that female correlated with lower incidences of all neuropsychiatric
disorders. Urban residency was associated with higher incidence rates for mood disorder, anxiety
disorder, cognitive disorder, and personality disorder.

Our analysis of prevalence yielded results consistent with those observed in the incidence study.
KD patients exhibited a higher prevalence of anxiety disorder (OR 1.112, 1.037-1.192, p = 0.003), sleep-
related disorder (OR 1.328, 1.163-1.518, p < 0.001), movement disorder (OR 1.324, 1.120-1.565, p =
0.001) and any neuropsychiatric disorder (OR 1.104, 1.057-1.153, p < 0.001). Detailed prevalence
results were presented in Table S2.

d0i:10.20944/preprints202503.0445.v1
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(a)
Variable Adjusted HR (95% CI) p value
Age
0-2 years Ref.
3-4 years —— 0.868 (0.686-1.099) 0.240
=5 years b 0.856 (0.641-1.142) 0.289
Sex
Male Ref.
Female - 0.305 (0.236-0.396) <0.001
Urbanicity
Non-urban Ref.
Urban —te—i 1.061 (0.853-1.320) 0.594
Kawasaki disease
No Ref.
Yes —— 1.097 (0.859-1.400) 0.459
(C) 00 05 10 15 20
Age
0-2 years . Ref.
3-4 years o 1.026 (0.960-1.096) 0.453
2 5 years rol 0.890 (0.818-0.968) 0.007
Sex i
Male 4 Ref.
Female - E 0.722 (0.678-0.768) <0.001
Urbanicity |
Non-urban v: Ref.
Urban el 1.092 (1.024-1.164) 0.007
Kawasaki disease i
No . Ref.
Yes Irem 1.124 (1.047-1.207)  0.001
00 05 10 15 20
(e)
Age
0-2 years Ref.
3—4 years s 0.943 (0.892-0.997) 0.038
2 5 years o 0.888(0.828-0.951) <0.001
Sex !
Male ¢ Ref.
Female . 1 0.382 (0.360-0.405) <0.001
Urbanicity
Non-urban Ref.
Urban ot 1.262 (1.195-1.332) <0.001
Kawasaki disease
No Ref.
Yes a1 1.049 (0.988-1.114) 0.118
00 05 10 15 20
Q)
Age
0-2 years Ref.
3-4 years —— 1.082 (0.893-1.310) 0.421
2 5 years —e—i 0.711 (0.543-0.929) 0.013
Sex !
Male + Ref.
Female — 0.708 (0.589-0.850) <0.001
Urbanicity
Non-urban Ref.
Urban ——— 1.5568 (1.272-1.909) <0.001
Kawasaki disease
No Ref.
Yes e 1.215 (0.990-1.492) 0.063
0.0 0.5 1.0 1.5 20
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(b)
Variable Adjusted HR (95% CI) p value
Age
0-2 years + Ref.
3-4 years i 1.022 (0.939-1.112)  0.612
=5 years £ 0.970 (0.875-1.075) 0.563
Sex i
Male ’ Ref.
Female L4 ! 0.521 (0.480-0.566) <0.001
Urbanicity |
Non-urban s Ref.
Urban agl 1.130 (1.042-1.226) 0.003
Kawasaki disease i
No 1Ib Ref.
Yes n'—H 1.074 (0.980-1.1768) 0.126
(d) 00 05 10 15 20
Age
0-2 years Ref.
3-4 years 0.925 (0.806-1.061) 0.266
2 5 years R 0.956 (0.810-1.128) 0.592
Sex b
Male Ref.
Female . 0.713 (0.628-0.809) <0.001
Urbanicity
Non-urban Ref.
Urban s 1.086 (0.954—1.237) 0.213
Kawasaki disease
No Ref.
Yes —— 1.257 (1.094-1.444) 0.001
(f) 0.0 0,75 10 15 20
Age
0-2 years Ref.
3-4 years —— 1.021 (0.860-1.214) 0.809
> 5 years I 1.179 (0.969-1.436) 0.101
Sex !
Male 4 Ref.
Female e ] 0.501 (0.426-0.594) <0.001
Urbanicity
Non-urban Ref.
Urban —— 0.995 (0.849-1.166) 0.951
Kawasaki disease
No Ref.
Yes — 1.227 (1.030-1.461) 0.022
(h) 00 05 1.0 1.5 20
Age
0-2 years s Ref.
3-4 years L 0.980 (0.939-1.022) 0.339
2 5 years -t 0.912 (0.866-0.962) <0.001
Sex H
Male M Ref.
Female - ! 0.583 (0.559-0.607) <0.001
Urbanicity H
Non-urban i Ref.
Urban Em 1.112 (1.068-1.158) <0.001
Kawasaki disease !
No 4 Ref.
Yes et 1.102 (1.053-1.153) <0.001
0.0 0.5 1.0 1.5 2.0

Figure 2. Hazard ratio of psychotic disorder (a), mood disorder (b), anxiety disorder (c), sleep-related disorder

(d), cognitive disorder (e), movement disorder (f), personality disorder (g), and any neuropsychiatric disorder

(h) according to the demographics and Kawasaki disease.

Table 2. Comparison of the number of incidence cases in neuropsychiatric disorder.

Kawasaki disease Univariate analysis Multivariate analysis

Case (n, %) No Yes (951;;‘,[{(:1) P (951‘30RCI) P
PSYChOtl(C_)dlSOI‘der 1(3?:;6 ?919';202) 1.000 1.000
Psyehoh(i )dlsorder ( 59138 | (OE.;;LO) (0.8;;191200) 0.459 (08519(1917 400) 0.459

Mood gsorder 1(3;'22)9 g;;g) 1.000 1.000
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Mood (ii)sorder (21 ,13940) (15.2) (0.9715(1616.;170) 0156 (0.9;(.)(171%176) 0126
Anx1ety( _(;hsorder 1(33';1(1);)’ ?907,.86385) 1.000 1.000
Anx1et§2 jlsorder (32,40296) 971 (2.32) (1.012_21%207) 0.001 % 0271_2142 07) 0.001
G oo o
ndertn o 70N iy O gy W
Cogmtlv(ei)dlsorder 1(22';1; ?906,4;536) 1.000 1.000
Cognitive disorder 5,111 1,360 1.046 0.140 1.049 0.118
*) (3.12) (3.25)  (0.985-1.111) (0.988-1.114)
Moveme?_’; disorder 1(83'22)9 g’g 6;8) 1.000 1.000
Moveme(n:) disorder ( gé(; | (SZS) (1.02162—21%454) 0.025 (1_0; 02_217 w002
Personah;t_}; disorder 1(82";2)9 ;1919’.67816) 1.000 1.000
Personall(’?l) disorder ( 392(31) 120 (0.29) (0.9911‘32—11?496) 0.058 (099102_115 492) 0.063
s
Any O(lis)order (85’_52955) (25%7066) (1.05151—?152) <0.001 (1.05151—2%153) o

3.3. Risk of Neurodevelopment

3.3. Risk of Neurodevelopmental Disorders

We observed the lower incidence of intellectual disability in individuals with KD compared to

those without (HR 0.747, 0.641-0.871, p < 0.001). The KD was associated with an increased risk of tic
disorder (HR 1.148, 1.020-1.292), p = 0.022) (Figure. 3). However, KD was not associated with a risk
of communication disorder (HR 0.894, 0.760-1.052, p = 0.179), specific learning disorder (HR 0.641,
0.399-1.030, p = 0.066), autism spectrum disorder (HR 0.872, 0.724-1.051, p = 0.150), ADHD (HR 1.017,
0.943-1.096, p = 0.663), and any neurodevelopmental disorder (HR 1.027, 0.971-1.086, p = 0.361).
Detailed incident results were presented in Table 3. Female gender was consistently correlated with
lower incidence rates across all neurodevelopmental disorders examined. In contrast, urban
residency was associated with higher incidence rates for ADHD, tic disorder, and any
neurodevelopmental disorder in general.

The prevalence analysis yielded results that aligned with our incidence findings. KD patients
showed a significantly lower prevalence of intellectual disability compared to controls (OR 0.771,
0.674-0.883, p < 0.001). However, KD patients exhibited a higher prevalence of tic disorder (OR 1.172,
1.046-1.312, p = 0.006). Detailed prevalence results were presented in Table S3.
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(a)
Variable Adjusted HR (95% CI) p value
Age
0-2 years s Ref.
34 years = 0.998 (0.878-1.133)  0.970
2 5 years —h 0.901 (0.766-1.060) 0.210
Sex E
Male ) Ref.
Female re : 0.481 (0.423-0.547) <0.001
Urbanicity !
Non-urban ' Ref.
Urban [ 0.893 (0.794-1.004)  0.059
Kawasaki disease 1
No s Ref.
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(c) 00 05 10 15 20
Age
0-2 years Ref.
3-4 years — 1.003 (0.692-1.453) 0.989
= 5 years ——— 0.813 (0.501-1.320) 0.403
Sex
Male Ref.
Female —— 0.544 (0.377-0.785) 0.001
Urbanicity
Non-urban Ref.
Urban H——e———1.385(0.951-2.017) 0.089
Kawasaki disease
No Ref.
Yes —— 0.641 (0.399-1.030) 0.066
(e) 00 05 10 15 20
Age
0-2 years + Ref.
3-4 years Bt 0.987 (0.922-1.057) 0.714
25 years red 0.906 {0.831-0.988) 0.025
Sex )
Male + Ref.
Female . i 0.279 (0.258-0.303) <0.001
Urbanicity i
Non-urban + Ref.
Urban S 1.334 (1.246-1.429) <0.001
Kawasaki disease i
No ] Ref.
Yes » 1.017 (0.943-1.096) 0.663
00 05 10 15 20
)
Age
0-2 years H Ref.
34 years L 0.996 (0.947-1.049) 0.889
= 5 years - i 0.863 (0.808-0.922) <0.001
Sex !
Male [ Ref.
Female . ' 0.371 (0.351-0.392) <0.001
Urbanicity !
Non-urban + Ref.
Urban ! 1.218 (1.158—1.280) <0.001
Kawasaki disease E
No ¢ Ref.
Yes ot 1.027 (0.971-1.086) 0.361
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0.276
0.003

<0.001

0.590

0.179

0.424
0.124

<0.001

0.335

0.150

0.638
0.082

<0.001

0.002

0.022

(b)
Variable Adjusted HR (95% Cl)} p value
Age
0-2 years . Ref.
3-4 years Ll 0.924 (0.802-1.065)
2 5 years —e— 0.743 (0.610-0.906)
Sex
Male Ref.
Female gl 0.436 (0.376-0.506)
Urbanicity
Non-urban Ref.
Urban e 0.964 (0.843-1.102)
Kawasaki disease
No Ref.
Yes e 0.894 (0.760-1.052)
(d) 00 05 10 15 20
Age
0-2 years Ref.
3-4 years He— 1.067 (0.910-1.252)
2 5 years —a—i 0.843 (0.677—1.048)
Sex
Male Ref.
Female 1o 0.266 (0.219-0.323)
Urbanicity
Non-urban Ref.
Urban He—i 1.079 (0.924-1.260)
Kawasaki disease
No ¢ Ref.
Yes . 0.872 (0.724-1.051)
(f) 00 05 1.0 15 20
Age
0-2 years + Ref.
3-4 years - 1.027 (0.919-1.147)
=5 years o 0.881 (0.765-1.016)
Sex
Male . Ref.
Female - 0.340 (0.301-0.385)
Urbanicity
Non-urban Ref.
Urban e 1.192 (1.070-1.329)
Kawasaki disease
No Ref.
Yes e 1.148 (1.020-1.292)
00 05 10 15 20

Figure 3. Hazard ratio of intellectual disability (a), communication disorder (b), specific learning disorder (c),
autism spectrum disorder (d), ADHD (e), tic disorder (f), and any neurodevelopmental disorder (g) according

to the demographics and Kawasaki disease.

Table 3. Comparison of the number of incidence cases in neurodevelopmental disorder.

Kawasaki disease

Univariate analysis

Multivariate analysis

Case (n, %) No Y HR HR

es

(95% CI) P (95% CI) P

Intellectual 162,817 41,612
nietlectua 1.000 1.000
disorder (-) (99.38) (99.54)
Intellectual 1,012 194 747 747
ntellectua 0 ) 0 <0001 <0.001
disorder (+) (0.62) (0.46) (0.640-0.871) (0.641-0.871)
Communication 163,051 41,628 1.000 1.000
disorder (-) (99.53) (99.57) ’ '
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Communication 778 178 0.897 0.894
. 0.192 0.179
disorder (+) (0.47) (0.43) (0.762-1.056) (0.760-1.052)
ific 1 i 163,7 41,7
SPec1 ic learning 63,708 ,785 1.000 1.000
disorder (-) (99.93) (99.95)
ific 1 i 121 21 (0. .64 .641
SPec1 ic learning (0.05) 0.643 0.068 0.6 0.066
disorder (+) (0.07) (0.400-1.033) (0.399-1.030)
Autism spectrum 163,226 41,670
. 1.000 1.000
disorder (-) (99.63) (99.67)
Auti t 1 .87 .872
'u ism spectrum 603 36 0.876 0.165 0.8 0.150
disorder (+) (0.37) (0.33) (0.727-1.056) (0.724-1.051)
ADHD 160,512 40,951
1.000 1.000
-) (97.98) (97.95)
ADHD 3,317 855 1.021 1.017
0.580 0.663
(+) (2.02) (2.05) (0.947-1.101) (0.943-1.096)
Tic disord 162,608 41,451
1 disorder 1.000 1.000
-) (99.25) (99.15)
Tic disorder 1,221 355 1.154 1.148
0.018 0.022
(+) (0.75) (0.85) (1.025-1.298) (1.020-1.292)
Any disord 157,926 40,262
1y cisorder 1.000 1.000
-) (96.40) (96.31)
Any disord 1,544 1.02 1.027
ny disorder 5,903 5 029 0322 0 0.361
(+) (3.60) (3.69) (0.973-1.088) (0.971-1.086)

HR: Hazard Ratio; ADHD: Attention Deficit Hyperactivity Disorder.

4. Discussion

The findings of our study provide important insights into the association between KD and
neurologic disorders in children. Our results demonstrate significant associations between KD and
certain neuropsychiatric and neurodevelopmental disorders, highlighting the potential long-term
neurological implications of this acute systemic vasculitis.

Our analysis revealed an increased risk of anxiety disorder, sleep-related disorder, movement
disorder, and overall neuropsychiatric disorders in children with a history of KD. These findings
align with the growing body of evidence suggesting a link between inflammatory conditions and
psychiatric disorders [2]. The association between KD and anxiety disorder is particularly
noteworthy, as it may indicate a lasting impact of the acute inflammatory process on emotional
regulation and stress response systems. The increased risk of sleep-related disorders in KD patients
is an important finding that warrants further investigation. Sleep disturbances can significantly
impact a child's quality of life, cognitive function, and overall health. The higher incidence of
movement disorders in KD patients is intriguing and may suggest subtle neurological sequelae of the
disease. This finding underscores the importance of long-term neurological follow-up in KD
survivors, even in the absence of overt neurological symptoms during the acute phase. Interestingly,
our study did not find significant associations between KD and psychotic disorders, mood disorders,
cognitive disorders, or personality disorders. This selective pattern of neuropsychiatric risk suggests
that KD may affect specific neural pathways or regions, rather than causing global neuropsychiatric
dysfunction.

Study findings regarding neurodevelopmental disorders present a complex picture.
Surprisingly, we observed a lower incidence of intellectual disability in individuals with KD
compared to controls. This unexpected finding requires careful interpretation and further
investigation. It is possible that children with KD receive more intensive medical care and follow-up,
potentially leading to earlier detection and intervention for developmental issues, which could
mitigate the risk of intellectual disability. The increased risk of tic disorder in KD patients is an
important finding that adds to the growing evidence of neurological involvement in KD. Tic
disorders have been associated with other inflammatory conditions, and this link with KD further
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supports the potential role of inflammation in the pathogenesis of tic disorders [16]. Notably, we did
not find significant associations between KD and other neurodevelopmental disorders such as autism
spectrum disorder, ADHD, or specific learning disorders. This selective pattern of risk suggests that
the neurological impact of KD may be more nuanced than previously thought, affecting specific
neurodevelopmental pathways while sparing others.

Demographic factor analyses revealed that the risk of developing neuropsychiatric and
neurodevelopmental disorders varied depending on specific disease characteristics, age at KD onset,
sex, and residential area. Notably, patients diagnosed with KD at age >5 years exhibited a lower risk
of these disorders compared to those diagnosed at <1 year of age. This finding is consistent with a
previous Taiwanese study reporting an increased cerebrovascular risk and neurological disorder in
children diagnosed with KD before the age of 5 [2,17]. One possible explanation is that younger
children, particularly infants, experience a more intense inflammatory response, which may have
long-term effects on neurodevelopment. Given that refractory KD and coronary aneurysm
complications are more common in younger patients, heightened systemic inflammation during a
critical period of neuroplasticity may disrupt neurocircuitry development [18-21]. Additionally, male
sex and urban residency were associated with a higher incidence of neuropsychiatric and
neurodevelopmental disorders. Male patients exhibited a higher incidence of neuropsychiatric and
neurodevelopmental disorders, which may be related to the increased prevalence of KD
complications in males [22]. Potential biological explanations include sex-based differences in
immune regulation, as suggested in prior research [23]. Furthermore, urban residency was associated
with a greater risk of neuropsychiatric disorders. Previous studies also reported that urban
environment is associated with an increased risk for mental illness [24,25]. However, this association
may be confounded by disparities in healthcare access and diagnostic awareness, as rural populations
might experience underdiagnosis of neuropsychiatric conditions due to limited healthcare resources
and lower recognition of mental health issues.

The mechanisms underlying the association between KD and neuropsychiatric or
neurodevelopmental disorders remain incompletely understood. KD-induced systemic
inflammation may extend to cerebral vasculature, potentially leading to persistent
neuroinflammatory processes that increase the risk of neuropsychiatric disorders [26-28]. This
hypothesis is supported by findings of elevated cytokine levels in the CSF of KD patients compared
to serum [3,29]. Chronic inflammation and vascular remodeling, which are well-documented in KD-
affected coronary arteries, may similarly affect cerebral vasculature, contributing to long-term
neuroinflammatory sequelae [17]. Additionally, studies linking mental health disorders with
inflammatory pathways, as well as microbiome dysbiosis, provide further support for a shared
pathological basis between KD and neuropsychiatric conditions [30-32]. Matrix metalloproteinases
(MMPs), implicated in KD pathogenesis and psychiatric disorders, suggest potential molecular-level
intersections [33-36]. Earlier studies documenting hypoperfusion in acute KD through SPECT
imaging further reinforce the possibility of transient but significant cerebrovascular involvement
during the disease’s acute phase [4].

While our findings highlight a potential link between KD and anxiety disorders, it is essential to
note that our study did not classify neuropsychiatric outcomes based on specific complications or
subgroups of KD, such as coronary artery involvement or systemic manifestations. Importantly, the
observed anxiety disorders may not solely result from molecular or inflammatory mechanisms.
Unlike healthy individuals, KD patients may develop anxiety related to their condition, such as
concerns about potential complications, long-term health risks, or the need for ongoing medical
follow-up. This raises the possibility that some anxiety disorders in KD patients may be influenced,
at least in part, by psychological stress or health-related worries. Nonetheless, this psychological
component does not diminish the importance of underlying biological mechanisms but rather
emphasizes the multifactorial nature of the association. Future studies should address this distinction
by exploring the psychological and biological factors contributing to anxiety disorders in KD patients,
ideally through longitudinal or stratified analyses.
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Despite these findings, our study has several limitations. First, the analysis was based solely on
ICD-10 codes from administrative data, which may be prone to misclassification or underdiagnosis.
Second, we were unable to account for key confounding factors such as socioeconomic status,
environmental exposures, or healthcare accessibility, all of which could have influenced the observed
associations. Third, we did not include clinical parameters such as inflammatory markers, fever
duration, or the severity of KD complications, which may provide additional insights into the
mechanisms linking KD to neuropsychiatric disorders. These limitations highlight the need for future
studies that incorporate more granular clinical data, adjust for potential confounders, and explore the
interplay between KD and mental health outcomes in greater detail.

Given the chronic nature of inflammatory processes in KD and its potential impact on
neuropsychiatric health, it is crucial to monitor KD patients for mental health outcomes as part of
their long-term prognosis. Our findings suggest that mental health surveillance should be integrated
into the long-term care of KD patients. Interdisciplinary research, combining clinical, molecular, and
psychological approaches, is essential to uncover the complex interplay between KD and
neuropsychiatric disorders. Future studies should aim to identify high-risk subgroups and establish
preventive strategies, potentially improving long-term outcomes for KD patients.

5. Conclusions

This national cohort study demonstrates that KD is associated with an increased risk of specific
neuropsychiatric disorders, including anxiety, sleep-related, movement, and tic disorders, while
showing a lower incidence of intellectual disability. These findings suggest potential long-term
neurological impacts of KD, possibly driven by systemic inflammation and immune dysregulation.
Given these results, long-term neurological monitoring and mental health surveillance should be
considered for KD patients. Future research should explore underlying mechanisms and identify
high-risk subgroups to improve long-term care strategies.
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Abbreviations

The following abbreviations are used in this manuscript:

KD Kawasaki Disease

ADHD Attention Deficit Hyperactivity Disorder

HR Hazard Ratio

OR Odds Ratio

SPECT Single-Photon Emission Computed Tomography
NHIS National Health Insurance Service
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