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Introduction: Genetic susceptibility and immune dysregulation play important roles in
the pathogenesis of Kawasaki disease (KD). However, it is still unclear whether KD causes
immune disorder later in life or whether inherited susceptibility to immune disorders
causes KD. The aim of this study was to elucidate whether inherited immune disease
properties from mothers increase the risk of KD from a population-based perspective.

Method: Taiwan’s National Health Insurance Research Database was the main data
source in this study. Parents and children were linked using the Taiwan Maternal and
Child Health Database. Patients diagnosed with KD and younger than 18 years from
2004 to 2015 were enrolled as the study population. The control group was randomly
selected from individuals without the diagnosis of KD matched by age, index year, sex,
and urbanization level at a ratio of 1 to 10. The prevalence of maternal autoimmune and
allergic diseases was compared between groups.

Results: In total, 7,178 children were found to have been diagnosed with Kawasaki
disease. Then 71,780 children matched by index year, gender, and urbanization were
randomly selected to serve as the control group. Children born from mothers with
asthma and allergic rhinitis had a higher risk of developing KD. Children of mothers
with an autoimmune disorder had a significantly increased tendency to develop KD.
Maternal numbers of autoimmune disorders showed a dose-dependent relationship with
KD incidence.

Conclusion: This is the first population-based study to investigate maternal immune
diseases and the risk of KD in their children. Children of mothers with immune disorders
tend to have a higher risk of KD.

Keywords: Kawasaki disease, autoimmune di , allergic di , maternal child interaction, hereditary

INTRODUCTION

Kawasaki disease (KD) was first described by Dr. Kawasaki in 1967 and is characterized by systemic
vasculitis, predominantly in preschool children. It is also the most common acquired pediatric
heart disease in most industrialized countries (1-3). The typical features of KD include fever lasting
more than 5 days, as well as oral mucosa change, such as strawberry tongue, bilateral conjunctival
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ingestion, polymorphous skin rashes, desquamation over
fingertips, and cervical lymphadenopathy (2-4). One of the most
severe complications of KD is coronary artery aneurysm, which
may cause acute myocardial infarction, aneurysm rupture, or
coronary stenosis (3-7).

Although the pathogenesis of KD is still unclear, genetic
susceptibility, and immune dysregulation play important roles
(8-10). Cytokines and enzymes which can cause aneurysms are
released by the activated innate and adaptive immune system (11,
12). Characteristics of allergic reaction, such as Th2 cytokines,
elevated IgE, and eosinophilia, were detected in the peripheral
blood of KD patients (13-16). Genetic susceptibility has also been
linked to genes associated with the immune system (3, 17, 18).
Children with KD have a tendency to develop atopy later in life
(19, 20). However, it is still unclear whether KD causes immune
disorder later in life or inherited susceptibility toward immune
disorders causes KD.

The aim of this study was to elucidate whether inherited
immune disease properties in mothers increase the risk of KD
from a population-based perspective.

METHODS AND MATERIALS

Database Sources

In 1995, a single-payer National Health Insurance (NHI)
program with mandatory enrollment was launched in Taiwan.
It covers 99.99% of Taiwan’s population. The National Health
Insurance Research Database (NHIRD), which contains all of
the claims data of NHI beneficiaries, was established for public
research in 2002 (21, 22). In 2015, the Ministry of Health and
Welfare (MOHW) further integrated the NHIRD with other
health-related databases at the Health and Welfare Data Center
(HWDC) (21, 23).

The ambulatory care expenditures by visit (CD) files and
the inpatient expenditures by admission (DD) files from the
NHIRD were the main source of data used for analysis. Parents
and children were linked using the Taiwan Maternal and Child
Health Database (MCHD), which is overseen by Taiwan’s Health
Promotion Administration (HPA).

Study Population and Study Design

Because collection of data related to MCHD began in 2004,
infants born between 2004 and 2012 were included in this
study. Infants and mothers were linked through the MCHD.
Exclusion criteria included individuals with missing values, such
as the urbanization level, the mother’s birthday, or loss of link
in the MCHD. Patients who were diagnosed with KD and
aged younger than 18 years from 2004 to 2015 were enrolled
as the study population. The control group was selected from
individuals without a diagnosis of KD matched by age, index
year, sex, and urbanization level at a ratio of 1-10 (Figure 1).
Because mothers with autoimmune disease are rare, we tried
to increase statistical power by adding more numbers in the
control group. The prevalence of maternal autoimmune and
allergic diseases including systemic lupus erythematosus (SLE),
Sjogren’s syndrome (SS), rheumatoid arthritis (RA), bronchial
asthma (BA), allergic rhinitis (AR), and atopic dermatitis (AD)

Infants giving birth from
2004 to 2012 in NHIRD
(n=1,869,363)

Exclusion:

® 108,535 not linked in MCHD

* * 6 missing urbanization data
® 7,946 missing mother’s

birthday

® 66,500 not listed in birth
certification applications

\ 4

1,686,376 infants birth from
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|
v v
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FIGURE 1 | Study population and study design.

were compared between groups. Prematurity and maternal age at
pregnancy were listed as cofactors.

The diagnosis of diseases was based on the International
Classification of Diseases, 9th revision, Clinical Modification
(ICD9-CM). We identified patients with a diagnosis of KD using
the main admission code ICD9-CM 446.1. Maternal diseases
were defined using the diagnosis codes SLE (ICD9-CM 710.0), SS
(ICD9-CM 710.2), RA (ICD9-CM 714.0), BA (ICD9-CM 493),
AR (ICD9-CM 477), and AD (ICD9-CM 691) in the records of
outpatient visits more than three times or at least one admission
before pregnancy. The protocol was approved by the Institutional
Review Board of Taichung Veterans General Hospital.

Statistical Analysis

SAS 9.4 (SAS Institute Inc. Cary, NC, USA) was used for
data retrieval and analysis. The mean and standard deviation
were used for descriptive statistical analysis of the continuous
variables. Number and percentage were used to describe the
categorical data. An independent t-test was used to compare
the continuous variables. A chi-square test was applied for
comparing categorical data. A crude odds ratio for developing
KD was calculated by univariate logistic regression models. Then
an adjusted odds ratio was further calculated by multiple logistic
regression models. Odds ratios for KD according to incidence
of autoimmune disease were calculated to test whether a dose-
dependent effect existed. Because collinearity may exist between
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TABLE 1 | Demographic data of patients with KD and the control group.

TABLE 2 | The birth data and maternal diseases of KD patients and control group.

Variable KD group Control group p-value
(N=7,178) (N = 71,780)

Child status

KD diagnosed age, year (SD) 1.72 (1.46)

Sex >0.99

Female 2,767 (38.6%) 27,670 (38.6%)

Male 4,411 (61.4%) 44,110 (61.4%)

Urbanization levels >0.99

1 (highest) 2,225 (31.0%) 22,250 (31.0%)

2 2,377 (33.1%) 23,770 (33.1%)

3 1,308 (18.2%) 13,080 (18.2%)

4 + (lowest) 1,268 (17.7%) 12,680 (17.7%)

Mother status

Age at pregnancy (SD) 29.7 (4.58) 29.2 (4.77) <0.001"

Gestational age, week (SD) 38.2 (1.68) 38.3 (1.64) 0.01

Birth order 0.66

1 4,867 (67.8%) 48,556 (67.7%)

2 2,086 (29.1%) 20,829 (29.0%)

3+ 225 (3.13%) 2,395 (3.34%)

Number of births 0.15

Singleton 6,956 (96.9%) 69,774 (97.2%)

Multiple 222 (3.09%) 2,006 (2.79%)

“t-test, p < 0.05.
KD, Kawasaki disease.

asthma and allergic rhinitis, interaction between these two factors
in logistic regression models was further tested to determine
whether they were independent of each other.

RESULTS

In total, 1,686,376 infants born between 2004 and 2015 were
enrolled in this study. Among them, 7,178 children were
diagnosed with KD. A total of 71,780 children were randomly
selected from the remaining 1,679,198 children matched by index
year, gender, and urbanization at a 1:10 ratio to serve as the
control group (Figure 1).

The demographic characteristics of the subjects in the KD and
control groups are summarized in Table 1. The average age of
KD diagnosis was 1.72 years old (SD = 1.46). Maternal age at
pregnancy was older in the KD group than in the control group
(29.2vs.29.7, p < 0.001). There was also a significant difference in
gestational age between the KD group and the control group (38.3
vs. 38.2, p = 0.01). However, because of large case numbers, such
small differences can still reach a statistically significant p-value.
However, the difference did not make sense clinically.

In the univariate model, the maternal age at pregnancy had
a significant impact on the occurrence of KD. Children born of
mothers with asthma (OR 1.15, 95% CI 1.05, 1.27) or allergic
rhinitis (OR 1.09, 95% CI 1.04, 1.15) had a higher risk for
developing KD. In the multiple logistic regression model after
adjusting for cofactors, maternal asthma and allergic rhinitis were
still significant risk factors for KD (Table 2).

Variables KD group Control Crude OR Adjusted OR

group
N=7,178 N =71,780 (95% CI) (95% CI)

Prematurity

No 6,508 (90.7%) 65,426 Ref Ref
(91.2%)

Yes 670 (9.33%) 6,354 (8.85%) 1.06 (0.98, 1.15) 1.05(0.97, 1.14)

Age at pregnancy

<18 48 (0.67%) 715 (1.00%) Ref Ref

18-34 6,235 (86.9%) 63,044 1.47 (1.10,1.97) 1.47 (1.09, 1.96)
(87.8%)

>35 895 (12.5%) 8,021 (11.2%) 1.66 (1.23, 2.24) 1.65 (1.22, 2.22)

Autoimmune disease

SLE 34 (0.47%) 246 (0.34%) 1.39(0.97,1.98) 1.25(0.87, 1.81)

Sjogren’s 79(1.10%) 635 (0.88%) 1.25(0.99, 1.58) 1.16 (0.91, 1.48)

syndrome

RA 41(0.57%) 313 (0.44%) 1.31(0.95,1.82) 1.22(0.88, 1.70)

Allergic disease

Asthma 497 (6.92%) 4,352 (6.06%) 1.15(1.05,1.27) 1.11(1.01, 1.23)

Allergic 2,224 (31.0%) 20,889 1.09 (1.04, 1.15) 1.07 (1.02, 1.13)

rhinitis (29.1%)

Atopic 374 (5.21%) 3,471 (4.84%) 1.08 (0.97, 1.21) 1.06 (0.95, 1.18)

dermatitis

Model adjusted for pregnancy, pregnancy age,
allergic diseases.
KD, Kawasaki disease.

autoimmune  diseases, and

TABLE 3 | Odds ratio of acquiring Kawasaki disease for children of mothers with
immune disorders.

Variables KD group Control Crude OR Adjusted OR

group
N=7,178 N =71,780 (95% ClI) (95% Cl)

Immune disease

No 4,530 (63.1%) 47,035 Ref Ref
(65.5%)

Yes 2,648 (36.9%) 24,745 1.11(1.06, 1.17) 1.10(1.05, 1.16)
(34.5%)

No. of immune diseases

None 4,530 (63.1%) 47,035 Ref Ref
(65.5%)

1 2,106 (29.3%) 20,098 1.09 (1.03,1.15) 1.08 (1.02, 1.14)
(28.0%)

2+ 542 (7.55%) 4,647 (6.47%) 1.21(1.1,1.33) 1.20(1.09, 1.32)

Model adjusted for week, age at pregnancy.
KD, Kawasaki disease.

With regard to maternal autoimmune diseases, infants born of
mothers with an autoimmune disorder had a significant tendency
to develop KD either in the univariate or multiple logistic
regression models (OR = 1.11, 95% CI 1.06, 1.17). Moreover,
maternal numbers of autoimmune disorders showed a dose-
dependent relationship with KD incidence (OR = 1.21, 95% CI
1.1, 1.33) (Table 3).

The interaction between maternal allergic rhinitis and asthma
was further analyzed. Their impacts on KD incidence were
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TABLE 4 | Odds ratio of maternal allergic rhinitis and asthma in KD group and
control group.

AR Asthma KD group  Control group  Crude OR  Adjusted OR
N=7,178 N = 71,780 (95% Cl) (95% ClI)

No No 4,811 (67.0%) 49,515 (69.0%) Ref Ref

Yes No 1,870 (26.0%) 17,913 (25.0%) 1.07 1.07
(1.02, 1.14) (1.01,1.13)

No Yes 143 (1.99%) 1,376 (1.92%) 1.07 1.07
(0.90,1.27)  (0.90, 1.27)

Yes Yes 354 (4.93%) 2,976 (4.15%) 1.22 1.21
(1.09, 1.37) (1.08, 1.36)

Model adjusted for week, age at pregnancy.
KD, Kawasaki disease.
p for interaction = 0.37.

independent, and the interaction term in the multiple model was
not significant either (Table 4).

DISCUSSION

This study investigated the association between maternal
immune diseases and the risk of KD occurrence in their children
from a nationwide perspective. Maternal asthma and maternal
allergic rhinitis were significant risk factors for KD occurrence
in their children. Infants born of mothers with autoimmune
disorders also tended to have a higher incidence of KD later
in life.

Although the pathogenesis of KD is still unclear, the
involvement of genetic susceptibility along with an infectious or
antigen trigger activating the innate and adaptive immune system
has been hypothesized (4, 24, 25). A higher incidence of KD
in siblings of patients with KD further supports the notion that
susceptibility to KD is heritable (26, 27).

KD has a strong correlation with immune disorders. Elevated
serum IgE levels in KD patients imply that a relationship exists
between KD and allergic diseases (28). Previous studies also
illustrated the activation of the Thl immune reaction from
interferon-Gamma, tumor necrosis factor-alpha, IL-1 and IL-10,
as well as Th2-mediated immune reactions, such as IL-4, IL5,
and IL-13 during the acute stage of KD (29, 30). With regard to
allergic diseases, Kuo et al. performed a population-based study
in Taiwan and reported a higher risk of asthma and allergic
rhinitis in patients with KD (19). Tsai et al. showed an atopic
tendency with allergic rhinitis and asthma in patients with KD
from their 1st year of life up to school age (20). Wei et al. reported
in a nationwide study that patients with urticaria, allergic rhinitis,
or allergic dermatitis had increased risk of KD (31). Webster
et al. found that the KD patients had more admissions due to
infection or allergic diseases before they developed KD and their
relatives also had a greater likelihood of being admitted with
asthma, allergy or infection (32). It has also been reported that
KD patients and their families had a higher prevalence of atopic
dermatitis at preschool age (33, 34). However, whether a tendency
toward atopy causes KD or whether KD induces atopy has never
been investigated. This study provides initial evidence that the
inherited tendency toward atopy may have an impact on the
pathogenesis of KD.

Immune complexes have been reported in patients with
Kawasaki disease and play an important role in the pathogenesis
(9). Autoimmune diseases such as SLE, RA, and Sjogren’s
syndrome are related to autoantibodies and immune complexes.
Zhou et al. reported in a meta-analysis that a sequence similarity
167A-B lymphoid tyrosine kinase (FAM167A-BLK) rs2736340
polymorphism in affected families had a positive correlation with
autoimmune diseases as well as KD (35). In our study, numbers
of maternal autoimmune disease had a significant and dose-
dependent impact on KD occurrence. No specific autoimmune
disease reached a statistically significant level, possibly due to the
limited case numbers.

This study had certain limitations. The data source was
national health insurance claims data. Laboratory data were
not included. The disease diagnosis was mainly decided by
physicians’ coding. The subtypes of KD, such as complete,
incomplete, and atypical KD, cannot be classified. Furthermore,
data validation cannot be performed because personal
identification data are not allowed to be released from the data
center. Thus, certain misclassifications may have existed. Several
immune diseases, such as systemic sclerosis, dermatomyositis,
and polymyositis, were excluded due to insufficient cases and
lack of statistical power.

This is the first population-based study to investigate maternal
immune diseases and the risk of KD in their children. Children of
mothers with immune disorders tended to have a higher risk of
KD. Further observational studies or prospective cohort studies
in other institutions and countries are needed to verify and
corroborate these findings.
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