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BACKGROUND: Previous studies showed that preterm birth increased the risk for hospital admissions in infancy and childhood due
to some acute diseases. However, the risk of preterm children developing Kawasaki disease remains unknown. In the present study,
we investigate whether preterm birth increased the morbidity of Kawasaki disease.

METHODS: We included 36,885 (34,880 term and 2005 preterm) children born in 2010 in Japan. We examined the association
between preterm birth and hospitalization due to Kawasaki disease using a large nationwide survey in Japan.

RESULTS: In log-linear regression models that were adjusted for children’s characteristics (sex, singleton birth, and parity), parental
characteristics (maternal age, maternal smoking, paternal smoking, maternal education, and paternal income), and residential area,
preterm infants were more likely to be hospitalized due to Kawasaki disease (adjusted risk ratio: 1-55, 95% confidence interval:
1.01-2.39). We then examined whether breastfeeding status modified the potential adverse effects of preterm birth on health
outcome. Preterm infants with partial breastfeeding or formula feeding had a significantly higher risk of hospitalization due to
Kawasaki disease compared with term infants with exclusive breastfeeding.

CONCLUSIONS: Preterm infants were at a high risk for Kawasaki disease, and exclusive breastfeeding might prevent this disease

among preterm infants.

Pediatric Research (2022) 92:557-562; https://doi.org/10.1038/s41390-021-01780-4

IMPACT:

® Previous studies showed that preterm birth increased the risk for hospital admissions in infancy and childhood due to some
acute diseases, however, the risk of preterm children developing Kawasaki disease remains unknown.
® This Japanese large population-based study showed that preterm infants were at a high risk for Kawasaki disease for the

first time.

® Furthermore, this study suggested that exclusively breastfeeding might prevent Kawasaki disease among preterm infants.

INTRODUCTION

Although the cause of Kawasaki disease (KD) remains unknown,
the risk factors for KD have been studied and discussed for a
long time and several risk factors were previously reported. As
the host factor, a higher incidence of KD in specific Asian
countries' and racial differences in the incidence of KD? have
been reported. These findings suggested that there is a
relationship between susceptibility to KD and a patient’s genetic
background, and some susceptibility genes that may be related
to KD,>™® such as ITPKC® have been reported. Another previous
study also proposed a relationship between a defect in the
innate immune system and KD.’

A pathogen is also suspected to be involved in the develop-
ment of KD based on previous periodic epidemics and regional
epidemic areas of KD,'° although no specific pathogen has been
identified.""'? Currently, KD is generally thought to be systemic

vasculitis in childhood due to an immunological response that is
evoked by an infectious agent and an environmental agent in
genetically and immunologically susceptible individuals.”®

It should be noted that preterm birth is a major public health
concern worldwide, and it can have a negative impact on child
health and development.'® Previous studies showed that preterm
birth increases the risk for hospital admissions in infancy and
childhood due to acute disease such as respiratory infections,
enterocolitis, and asthma.'*'> Thus, preterm birth may also be
related to the development of KD, similar to other major acute
childhood illness. However, the relationship between preterm birth
and the development of KD has not previously been elucidated. In
the present study, we used the national data of population-based
longitudinal cohort study to investigate whether preterm birth
increased KD morbidity and how breastfeeding affects KD morbidity
in preterm infants.
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All babies born between May 10 and 24,
2010 in Japan (n=43,767)

Questionnaire returned at the first survey (n=38,554)

Excluded (n=134)

» Missing data on gestational weeks (n=7)
* Children >42 weeks gestation (n=127)

Excluded (n=1535)

likelihood of KD)

* Children with one or more parent who was not of japanese nationality
(to eliminate the impact of the race-based differences in the

were of japanese nationality (n=36,885)

Children born before 42 weeks gestation whose parents

<34,880 term infants and 2005 preterm infants>6 months of age

Follow-up questionnaires were sent to all participants
who initially responded each year (at 18, 30, 42, 54, and 66 months)

Follow-up for 5 years

Fig. 1

Study participant flow chart. The Japanese Ministry of Health, Labour and Welfare conducted a nationally representative longitudinal

survey called the Longitudinal Survey of Newborns in the 21st Century (2010 cohort).

METHODS

Study participants

The Japanese Ministry of Health, Labour and Welfare implemented a
nationally representative longitudinal survey between May 10 and 24,
2010, which was called the Longitudinal Survey of Newborns in the 21st
Century (2010 cohort),'®" to follow infants who were born throughout
the country. Baseline questionnaires were sent to all families when
infants who were born during the study period were 6 months old.
Among the 43,767 questionnaires that were mailed, 38,554 were
completed and returned (88.1% response rate). Follow-up question-
naires were sent to all participants who initially responded each year (at
18, 30, 42, 54, and 66 months). The sixth survey was completed in 2014.
Birth record data such as birth weight, gestational age, singleton or
multiple births, sex, parity, and parental age at delivery were obtained
from the Vital Statistics system for each child who was included in this
survey. The Vital Statistics is basic statistics conducted by the Japanese
Ministry of Health, Labor and Welfare that record information on births,
deaths, stillbirths, marriages, and divorces which occurred in Japan
within the survey year.

Children were excluded if they did not have information on their
gestational age (n = 7). In the present study, to assess the effect of preterm
birth on KD morbidity compared to term birth, we excluded children who
were born after 42 weeks gestation (n =127). We also excluded children
whose at least one parent did not have Japanese nationality to reduce the
impact of racial differences (n=1535), and thus, 36,885 children were
included in the analysis (Fig. 1).

Gestational age

We determined each infant’s gestational age from their birth records and
categorized them into two groups, which were term infants (37-41 weeks)
and preterm infants (22-36 weeks). In Japan, the gestational age is
routinely estimated by the date of the onset of the mother’s last menstrual
period and then corrected by the first-trimester ultrasound in almost all
pregnancy cases.

Morbidity of Kawasaki disease

The survey obtained information on whether the child had been
hospitalized during the previous 12 months for any reason and asked
respondents to provide further details if the hospitalization resulted from
one of several common diseases including KD. The same question was
asked in each survey from age 18 to 66 months. To assess KD morbidity,
we used the results of the question “hospitalizations due to KD” in early
childhood (up to 66 months of age).

SPRINGER NATURE

Statistical analysis

We compared the baseline characteristics of eligible term and preterm
infants. To investigate the association between preterm birth and KD
morbidity between 6 and 66 months of age, we used log-linear regression
models and estimated risk ratios (RRs) and 95% confidence intervals (Cls)
for the hospitalization due to KD using the “term infants” as the reference
category. A generalized estimating equation analysis was conducted to
account for the longitudinal nature of the surveys. To evaluate the shape of
the association of gestational age with the risk of hospitalization due to KD,
we conducted a restricted cubic spline analysis, which was a method to
flexibly model non-linear relationships in regression models."®

We selected the potential confounders based on the previous
studies.'®'”"" The child factors included sex (dichotomous), singleton or
multiple births (dichotomous), and parity (0 or more than 1, dichotomous).
The parental factors included maternal age at delivery (continuous),
maternal smoking status (non-smoker or smoker, dichotomous), maternal
educational level (categorical), paternal income (categorical), and residen-
tial area. Data regarding infant sex, singleton or multiple births, parity, and
maternal age at delivery were obtained from the birth record. Maternal
smoking status was ascertained from the first survey (at infant age of
6 months). Paternal income was obtained from the questionnaires of the
Longitudinal Survey of Newborns in the 21st Century. The type of
municipality was obtained from the 2010 national census. We obtained the
parental educational level from the second survey questionnaire, and we
classified the original eight categories of educational level into three
categories as follows: high school or less, junior college (2 years) or
vocational school, and university (4 years) or higher.

Furthermore, because a previous study reported that breastfeeding
could reduce the risk of developing KD,'” we evaluated how breastfeeding
could modify the potential adverse effects of preterm birth on KD
morbidity. We ascertained the infants’ feeding status according to the first
survey (6-7 months of age), which included questions on infant-feeding
practices to specify whether the children had been breastfed, only
colostrum-fed, or formula-fed.'® We created “exclusive breastfeeding” and
“non-exclusive breastfeeding” categories using the information on breast-
and formula feeding. We categorized “exclusive breastfeeding” as when
parents answered that they had breastfed their babies and never formula-
fed. However, we categorized “non-exclusive breastfeeding” as when
parents had given formula. There were 306 cases with missing information
about infant-feeding practices. We created four new categories by
combining birth status with breastfeeding status: i.e., term infants with
exclusive breastfeeding; term infants with non-exclusive breastfeeding;
preterm infants with exclusive breastfeeding; and preterm infants with
non-exclusive breastfeeding. We evaluated the association between the
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Table 1. Characteristics of eligible children and preterm births (n = 36,885).

Total Term birth Preterm birth
(n = 36,885) (N = 34,880) (N=2005)

Characteristics of children
Sex, n (%)®

Boys 19,023 (51.6) 17,864 (51.2) 1159 (57.8)

Girls 17,862 (48.4) 17,016 (48.8) 846 (42.2)
Singleton or multiple birth, n (%)®

Singleton birth 36,192 (98.1) 34,560 (99.1) 1632 (81.4)

Multiple birth 693 (1.9) 320 (0.9) 373 (18.6)
Parity, n (%)?

0 17,157 (46.5) 16,293 (46.7) 864 (43.1)

1 13,935 (37.8) 13,200 (37.8) 735 (36.7)

>2 5793 (15.7) 5387 (15.4) 406 (20.3)
Parental characteristics
Maternal age at delivery (years), mean (SD)? 31.5 (4.8 314 (4.8 32.2 (5.1)
Maternal smoking status, n (%)°

Non-smoker 34,343 (93.4) 32,498 (93.5) 1845 (92.5)

Light smokers (<10 cigarettes per day) 1872 (5.1) 1759 (5.1) 113 (5.7)

Heavy smokers (>10 cigarettes per day) 551 (1.5) 514 (1.5) 37 (1.9)
Paternal smoking status, n (%)°

Non-smoker 21,267 (59) 20,125 (59) 1142 (58.7)

Light smokers (<10 cigarettes per day) 7598 (21.1) 7200 (21.1) 398 (20.5)

Heavy smokers (>10 cigarettes per day) 7174 (19.9) 6768 (19.9) 406 (20.9)
Maternal educational attainment, n (%)°

University or higher 8450 (26.4) 8043 (26.5) 407 (24.1)

Junior college or vocational school 13,389 (41.8) 12,667 (41.7) 722 (42.8)

High school 8726 (27.2) 8259 (27.2) 467 (27.7)

Junior high school and others 1484 (4.6) 1394 (4.6) 90 (5.3)
Paternal educational attainment, n (%)

University or higher 14,006 (44.1) 13,304 (44.2) 702 (42.1)

Junior college or vocational school 5870 (18.5) 5584 (18.6) 286 (17.2)

High school 9749 (30.7) 9196 (30.6) 553 (33.2)

Junior high school and others 2146 (6.8) 2020 (6.7) 126 (7.6)
Paternal income quartile category, n (%)

Q1 9963 (28.9) 9421 (28.9) 542 (29.1)

Q2 8590 (24.9) 8127 (24.9) 463 (24.9)

Q3 7291 (21.2) 6893 (21.2) 398 (21.4)

Q4 8609 (25) 8150 (25) 459 (24.7)
Residential area, n (%)

Wards 10,409 (28.2) 9872 (28.3) 537 (26.8)

Cities 23,443 (63.6) 22,156 (63.5) 1287 (64.2)

Towns or villages 3033 (8.2) 2852 (8.2) 181 (9)

Exclusive breastfeeding 12,436 (33.7) 12,048 (34.8) 388 (19.5)

SD standard deviation.

?Obtained from birth records.

PObtained from survey 1 (at 6 months of age).
“Obtained from survey 2 (at 18 months of age).

new categories and hospitalization due to KD using “term infants with
exclusive breastfeeding” as the reference category. We estimated the RRs
and 95% Cls adjusting for the same set of confounding variables.

Stata SE version 16 statistical software (StataCorp., College Station, TX)
was used for all analyses. This study was approved by the Okayama
University Graduate School of Medicine, Dentistry and Pharmaceutical
Sciences Institutional Review Board (No. 1506-073).

Pediatric Research (2022) 92:557 - 562

RESULTS

The baseline characteristics of the eligible infants separated into
term and preterm infant groups are summarized in Table 1.
Preterm infants tended to be male and had multiple births
compared with term infants. Compared to term infants, the
proportion of breastfed infants is lower for preterm infants,
especially exclusively breastfed infants (Table 1).
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Table 2.
Term birth (n = 34,880)

Follow-up, n (%)*

follow-up

Period of hospital admission
6-18 months 29,281 (83.9) 138 (0.47)
18-30 months 28,328 (81.2) 106 (0.37)
30-42 months 25,826 (74) 79 (0.31)
42-54 months 24,419 (70) 40 (0.16)
54-66 months 24,366 (69.9) 34 (0.14)

n (%) of hospital admission during

Follow-up percent and percent of hospital admission during each period by term and preterm birth.

Preterm birth (n = 2005)

Follow-up, n (%)* n (%) of hospital admission during

follow-up
1629 (81.2) 12 (0.74)
1565 (78.1) 3 (0.19)
1450 (72.3) 6 (0.41)
1354 (67.5) 4 (0.3)
1355 (67.6) 6 (0.44)

?Percent is derived by dividing the number of followed-up children by the number of children at the beginning (i.e., 34,880 children for term birth and 2005

children for preterm birth).

Table 3.

N case/sum of follow-ups (%)

Preterm birth category
Term birth
Preterm birth

397/132,220 (0.3)
31/7356 (0.42)

Preterm and late preterm birth category and Kawasaki disease hospital admissions between 6 and 66 months of age.

Risk ratios (95% confidence interval)

Crude model Adjusted model®

1 (reference)
1.55 (1.01, 2.39)

1 (reference)
1.41 (0.94, 2.11)

®Adjusted for children’s characteristics (sex, singleton birth, and parity), parental characteristics (maternal age, maternal smoking, paternal smoking, maternal

education, and paternal income), and residential area.

Risk ratio

22 27 32 37 40

Gestational week

Fig. 2 The restricted cubic spline analysis. The restricted cubic
spline analysis showed a tendency toward an increase in the risk
ratio of Kawasaki disease as the gestational age decreased, although
the 95% confidential interval was wide. The solid line indicates point
estimates of the risk ratio and dashed lines indicate upper and lower
bounds of 95% confidential interval.

The follow-up percent and percent of hospital admissions due
to KD in each period for the term or preterm births are shown in
Table 2. The follow-up rate for term infants and preterm infants at
survey six was 69.9% and 67.6%, respectively.

The RRs and 95% Cls for the association between preterm birth
and hospitalization due to KD between 6 and 66 months of age
are presented in Table 3. Preterm infants were more likely to be
hospitalized than term infants due to KD between six and
66 months after controlling for potentially confounding variables
(@aRR: 1.55, 95% Cl: 1-01-2.39). The restricted cubic spline analysis
showed the tendency toward an increase in the RR of KD as
gestational age decreased, although the 95% Cl was wide (Fig. 2).

When we used the combined categories for birth status
and breastfeeding status (Table 4), preterm infants with partial

SPRINGER NATURE

breastfeeding or formula feeding had a significantly higher risk of
hospitalization due to KD compared with term infants with
exclusive breastfeeding (aRR: 1.80, 95% Cl: 1.09-2.98).

DISCUSSION

In the present study, we examined the association between
preterm birth and the development of KD from 6 to 66 months of
age using data from a nationwide, population-based, longitudinal
survey in Japan. We observed the increased risk for the
development of KD in preterm children. Taking into account the
breastfeeding status, only preterm infants with non-exclusive
breastfeeding had a significantly increased risk for KD compared
with exclusively breastfed term infants.

To the best of our knowledge, this is the first study that
investigated the relationship between preterm birth and KD.
First, we would like to consider this association based on the
hypothesis that a pathogen triggers the development of KD.'?
Transplacental active transport of IgG to the fetus occurs during
pregnancy, and fetal IgG concentration increase sharply during
the third trimester.?® Thus, preterm infants are born with low
levels of immunoglobulin. Including this reason, there could be
a potentially increased susceptibility to infection in preterm
infants, which may persist throughout infancy.'®?' This suscept-
ibility to infection might be associated with an increased risk of
KD. However, the altered gut microbiota is receiving much
attention as a possible pathogenesis mechanism for KD.??
Chen et al. recently reported a significant reduction in fecal
microbial diversity in acute KD children using 16S rRNA gene
sequencing.”® Kinumaki et al. also found a markedly increased
amount of Streptococcus spp. in the gut microbiota of acute-
phase KD patients and a relative increase in the number of
Ruminococcus bacteria in a non-acute phase of KD using
metagenomic analysis.?* Considering that the difference in gut
microbiota between preterm infants and full-term infants
persisted until 4 years of age altered gut microbiota in
preterm infants may be associated with the development of KD
during the present study.

Pediatric Research (2022) 92:557 - 562
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Table 4.

N case/sum of follow-up (%)

Preterm birth category
Term birth with exclusive breastfeeding
Preterm birth with exclusive breastfeeding
Term birth with partial breastfeeding or formula feeding

Preterm birth with partial breastfeeding or formula feeding

124/46,806 (0.26)
5/1491 (0.34)
273/84,557 (0.32)
26/5800 (0.45)

Preterm and breastfeeding status with Kawasaki disease hospital admissions between 6 and 66 months of age.

Adjusted risk ratios (95% confidence interval)®

1 (reference)
1.38 (0.51, 3.74)
1.14 (0.89, 1.47)

1.8 (1.09, 2.98)

@Adjusted for children’s characteristics (sex, singleton birth, and parity), parental characteristics (maternal age, maternal smoking, paternal smoking, maternal

education, and paternal income), and residential area.

For the protective effect of breastfeeding on the development
of KD, gut microbiota and regulatory T cells (Tregs) might have
important roles. Tregs are a type of T cell that secretes
transforming growth factor (TGF)-f and interleukin (IL)-10 and
functions in an anti-inflammatory manner. However, Tregs have
been reported to be predominantly decreased in the acute phase
of KD.2® Additionally, the effects of breast milk on the microbiota
and Tregs have been reported, and are described below. Breast
milk stimulates the proliferation of a well-balanced and diverse
microbiota, which initially influences a switch from an intrauterine
Th2 predominant to a Th1/Th2 balanced response and with
activation of Tregs.”’ The anti-infective effect of secreted IgA,
lactoferrin, and defensin in breast milk inhibits pathogens and
further contributes to microbiota composition.”*® Furthermore,
short-chain fatty acids in breast milk and those produced by the
gut microbiota activate receptors on Tregs,”” and microRNAs
(miRNAs) including miR-155, which are abundant in human breast
milk, might play an important role in regulating thymic Treg
development.?® Anti-infective effects and positive effects on the
gut microbiota of breast milk have also been observed clinically in
preterm infants.'®3° In the present study, both non-exclusively
breastfed term infants and exclusively breastfed preterm infants
had a somewhat elevated risk of developing KD, but these
increases were not significant. When preterm birth and non-
exclusive breastfeeding overlapped, however, the risk of KD was
significantly increased. The above-mentioned items might be
associated with the highest risk of developing KD in the preterm
and non-exclusive breastfeeding group.

In addition to breastfeeding, mode of delivery (vaginal birth vs.
cesarean section),’’ maternal antibiotic use during pregnancy,*” and
antibiotic use for infant®> could also affect the gut microbiota.
Unfortunately, information on the mode of delivery was not
available in this study, so it could not be examined. The effect of
the mode of delivery, which may be related to preterm birth, is a
subject for future research. Furthermore, the relationship between
prior antibiotic use and morbidity of KD was recently reported by
Fukazawa et al. and that is very interesting, including the relation-
ship with gut microbiota* Though the present study did not
provide information on the use of antibiotics in mothers and infants,
these are also important issues for future research, given that
preterm infants are often exposed to antibiotics.

The main strength of this study is that we used a large,
nationally representative cohort of Japanese children. Thus, the
number of KD cases was relatively high, and we were able to
examine the association between preterm birth and the develop-
ment of KD stratified by feeding status. The response rate for the
baseline survey was high at 88.1%, with a high follow-up rate of
nearly 70% for survey six. We were also able to adjust for a wide
range of potential confounding factors due to child and parental
factors. The breastfeeding information was also accurate because
the parents were asked about feeding practices when their infant
was 6-7 months of age, and almost all parents kept a record of
breastfeeding in the Maternal and Child Health Handbook, which
is distributed under Japanese law.'®*> However, the effects of

Pediatric Research (2022) 92:557 - 562

continued breastfeeding beyond 6-7 months of age have not
been evaluated.

Conversely, we cannot exclude the possibility of misclassifica-
tion of hospital admission for KD because of the subjective nature
of the questions that are used to assess this outcome. We could
not directly confirm the admission by direct communication with
hospitals because the data set that was obtained from the Ministry
was anonymized. However, the diagnostic criteria for KD in Japan
have not changed from 2002 to 2019,%° so the diagnostic methods
that were used by physicians during the study period are likely to
be similar across the country. It is also likely that most KD patients
were hospitalized under the Japanese health insurance system.

In conclusion, we found that preterm birth was a significant risk
for the development of KD from 6 to 66 months of age in children,
using data from a nationwide longitudinal study in Japan, where
KD is prevalent. Preterm infants without exclusive breastfeeding
had a greater risk of developing KD compared to term infants with
exclusive breastfeeding. There are positive effects of breastfeeding
on child health and development, and exclusive breastfeeding is
also highly recommended for preterm infants from the perspec-
tive of preventing KD. Further studies are required to determine
the association between gut microbiota and the risk of KD,
especially in preterm infants.
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