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Background and Objectives: Fermented foods play an important role in establishing intestinal bacterial flora,
and the composition of the intestinal bacterial flora might be associated with neurodevelopment. This study inves-
tigated the association between maternal intake of fermented foods during pregnancy and early neurodevelopment
in offspring. Methods and Study Design: Data were analyzed for 73,522 pregnant women participating in the
Japan Environment and Children’s Study. Their intake of four common fermented foods during pregnancy was
assessed using a semi-quantitative FFQ. Neurodevelopment in their infants at 1 year of age was estimated using
the Ages and Stages Questionnaires. Results: Multivariable logistic regression analysis showed that maternal in-
take of miso soup and fermented soybeans was each associated with a significantly reduced risk of delay in infant
communication skills. Maternal intake of fermented soybeans and cheese was each associated with a significantly
reduced risk of delay in fine motor skills in the third and fourth quartiles. For problem-solving, preventive associ-
ations were observed with maternal intake of fermented soybeans in the second and third quartiles and with ma-
ternal intake of cheese in the third and fourth quartiles. Maternal intake of yogurt was associated with a signifi-
cantly reduced risk of delay in personal-social skills in the third and fourth quartiles, while that of cheese was as-
sociated with a reduced risk in the third quartile. No reductions in risk were observed for gross motor skills. Con-
clusions: Our results suggest that fermented food intake during pregnancy may have beneficial associations with

several areas of psychomotor development in children.

Key Words: fermented foods, soy foods, yogurt, cheese, child development

INTRODUCTION

Bacterial fermentation makes foods suitable for long-term
storage and changes their nutritional value and taste. A
considerable variety of fermented foods exist, and many
such as miso, fermented soybeans, and pickled vegetables
are an integral part of the regular Japanese diet.

It is now recognized that the consumption of fermented
foods can prevent the development of various diseases,
including diabetes mellitus,® allergy,? depression,® obesi-
ty,* atopic dermatitis,® constipation,® and irritable bowel
syndrome.” Moreover, diet can influence the composition
of the intestinal bacterial flora. Fermented foods in par-
ticular play an important role in the formation of the in-
testinal bacterial flora in humans. For example, Mikami et
al.? identified the influence of maternal intestinal and vag-
inal bifidobacteria on the establishment of bifidobacteria
colonization in the neonatal gut.

Recently, the participation of the gut-brain axis in the
pathogenesis of various kinds of diseases has attracted
considerable attention, and accumulating evidence sug-
gests that changes in the composition of intestinal bacte-
rial flora play an important role in the gut-brain axis.®
Other work has shown that there is a relationship between
autism spectrum disorder (ASD) and intestinal bacterial
flora.1%1? Therefore, we speculated that the composition
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Graphical abstract

of intestinal bacterial flora may be associated with not
only neurological diseases but also with neurodevelop-
ment in children. Few studies using large-scale cohorts
have evaluated the relationship between maternal intake
of fermented foods during pregnancy and early neurode-
velopment in offspring. We hypothesized that fermented
food intake during pregnancy would prevent neurodevel-
opmental delay in offspring.

In this study, we analyzed a dataset for approximately
100,000 pregnant Japanese women obtained from the
Japan Environment and Children’s Study (JECS) to in-
vestigate associations between maternal intake of four
fermented foods commonly consumed during pregnancy
and early neurodevelopment in infants at 1 year of age.

METHODS
Study population
The JECS is a nationwide government-funded birth co-
hort study investigating the links between environmental
factors and children’s health and development. The preg-
nant women participating in the JECS were recruited
from 15 areas across Japan between January 2011 and
March 2014. The methods of the JECS have been de-
scribed in detail elsewhere, 314

The present study was based on the jecs-an-20180131
dataset that was released in March 2018. The full dataset
includes 103,062 pregnancies, from which 5,647 were
excluded because of multiple participations, 949 were
excluded because of multiple births, and 3,676 were ex-

cluded because of miscarriages or stillbirths (Figure 1).
We also excluded 19,268 records from the analysis be-
cause of missing information on maternal diet and/or in-
fant developmental delay. This left data for 73,522 moth-
er—infant pairs for analysis in this study. All data were
obtained from self-reported questionnaires and drug in-
terviews, including information on the maternal intake of
fermented foods.

Ethics approval and consent to participate

The JECS comprehensive protocol was reviewed and
approved by the Ministry of the Environment’s Institu-
tional Review Board on Epidemiological Studies
(100910001) and the ethics committees of all participat-
ing institutions. This specific study was approved by the
Ethics Committee of the University of Toyama
(R2018032). JECS is conducted in accordance with the
Helsinki Declaration and other national regulations, and
written informed consent was obtained from par-
ents/guardians of participants who were under 16 years of
age.

Fermented foods

Maternal intake of four fermented foods—miso soup,
fermented soybeans, yogurt, and cheese—in the average
diet from the beginning of pregnancy was assessed using
a semi-quantitative FFQ during the second or third tri-
mester. The questionnaire comprised a list of foods with
standard portion sizes commonly consumed in Japan.®
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jecs-an-20180131

103,062 pregnancies in the data set

5,647 excluded
Reason: multiple participations

949 excluded
Reason: multiple births

3,676 excluded
Reason: miscarriages or still births

W

92,790 unique mothers
with singleton live birth

19,268 excluded
Reason: missing information

N

analyzed

73,522 mother-infant pairs were

Figure 1. Flow diagram of the recruitment and exclusion process for the participants. The full dataset included 103,062 pregnancies, with
5,647,949, and 3,676 pregnancies excluded because of multiple participations, multiple births, and miscarriages or stillbirths, respectively.
We also excluded data for 19,268 records because of missing information. Finally, 73,552 individuals were analyzed in this study.

The intake amount of each food was categorized accord-
ing to the quartile for each of the four fermented food
groups.

Neurodevelopment

The primary outcome of this study was early neurodevel-
opment in offspring at 1 year of age. Neurodevelopment
was evaluated with the Ages and Stages Questionnaires
(ASQ-3): A Parent-Completed Child Monitoring System,
which is a validated scale that has been recommended by
UNICEF to verify whether children have normal neuro-
logical development.!” The Japanese version of the ASQ-
3 has been validated®® and used in several studies.!® The
scale comprises 21 age-specific structured questionnaires
across five domains: communication, gross motor skills,
fine motor skills, problem-solving skills, and personal-
social skills.2® The questionnaire comprises 30 questions
(5 per domain) that can be answered with “yes,” “some-
times,” or “not yet.” “Yes,” which corresponds to 10
points, indicates that the respondent’s child demonstrates
the ability to do the specific activity described by the
item; “sometimes,” which corresponds to 5 points, indi-
cates that the skill of the respondent’s child is emerging;
and “not yet,” which corresponds to 0 points, indicates
that the respondent’s child has not yet shown evidence of
the ability to do that specific activity. Scores range from 0
to 60 for each domain.? If one or two answers to the six
questions were missing, a correction coefficient of 1.2 or
1.5, respectively, was multiplied by the remaining total
score to adjust the score to be between 0 and 60. If more

than three of the six questions were not answered, then
the participant was excluded from the analysis.

To evaluate the neurodevelopmental status of children
at 1 year of age, we included participants who responded
to the ASQ-3 when their child was 10-13 months old. For
premature infants born before 37 weeks of gestation, their
corrected age was used. Two items addressed behaviors
that children may have exhibited previously but no longer
did because they had acquired more advanced skills (one
in the fine motor domain and another in the problem-
solving domain). If parents answered “not yet” or “some-
times” to an easier item but “yes” to a more advanced
item, responses for the earlier items were changed to
“yes.” In this study, neurodevelopmental delay was de-
fined as a score <2 standard deviations from the mean for
each development domain of each question.

Statistical analysis

Data are expressed as the mean * standard deviation or
median, unless stated otherwise. To estimate the risk of
neurodevelopmental delay for each level of the fermented
foods consumed, we categorized the participants into four
groups according to the intake amount of each fermented
food. Then, we performed logistic regression analysis to
calculate the ORs and 95% Cls.

We included potential confounding factors and covari-
ates in the statistical analysis if they had been (or are the-
oretically inferred to be) associated with the outcome in
previous studies. The confounding factors and covariates
used in the present study were as follows: maternal age;
previous deliveries (nulliparous or multiparous); energy
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intake; folic acid intake; physical activity; intake of anti-
bacterial drugs; marital status (married [including com-
mon-law status], single [never married], divorced, or
widowed); pre-pregnancy BMI (kg/m? categorized as
<18.5, 18.5 to <25, or >25); alcohol intake (never, quit
before learning of current pregnancy, quit after learning
of the pregnancy, or currently drinking); active smoking
status (never smoked, quit before learning of current
pregnancy, quit after learning of current pregnancy, cur-
rently smoking <10 cigarettes, or currently smoking >10
cigarettes); passive smoking status (no one in the house-
hold smoked, somebody smoked but not in the presence
of the baby, or somebody smoked in the presence of the
baby); annual household income (<4 million, 4-6 million,
or >6 million JPY); highest maternal educational level
(junior high or high school; technical junior college, tech-
nical/vocational college, or associate degree; Bachelor’s
degree or postgraduate degree); employment status (yes
or no); offspring’s sex (male or female); period of gesta-
tion; mode of delivery (vaginal delivery or cesarean sec-
tion); birth weight; presence of any congenital anomaly
(yes or no); and highest educational level of partner. The
variables were categorized according to standard medical
practice, common practice in Japan, and/or based on pre-
vious studies.?*

Two-sided p-values <0.05 were considered statistically
significant. Data were analyzed using SAS version 9.4
software (SAS Institute Inc., Cary, NC).

RESULTS

Participant characteristics

Table 1 shows the total demographic and obstetric char-
acteristics of the participants in this study, and maternal
characteristics according to the quartile for each ferment-
ed food are shown in Supplementary Tables 1-4. Com-
pared with mothers who reported low miso soup con-
sumption, those who reported higher miso soup consump-
tion were approximately 10% more likely to be multipa-
rous (Supplementary Table 1). Compared with mothers
who reported low yogurt consumption, those who report-
ed higher yogurt consumption had a higher level of edu-
cation and annual household income, were more likely
not to smoke or be exposed to passive smoke, were more
likely to be nulliparous, and had a partner with a higher
level of education (Supplementary Table 3). Compared
with mothers who reported low cheese consumption,
those who reported higher cheese consumption had a
higher level of education, were more likely not be ex-
posed to passive smoke, and had a partner with a higher
level of education (Supplementary Table 4). For all fer-
mented foods, women who reported higher consumption
had a higher energy intake than those who reported low
consumption (Supplementary Tables 1-4).

Multivariable logistic regression of neurodevelopmental
delay in offspring

Figure 2 shows forest plots of adjusted ORs and 95% Cls
for cases of developmental delay in each area—
communication, gross motor, fine motor, problem-
solving, personal-social skills—assessed using the ASQ-3
according to the exposure variable. For more information,
Supplementary Tables 5-9 show multivariable ORs for

the relationships between maternal consumption of fer-
mented foods and early neurodevelopmental status in
offspring for each of the five domains.

Maternal intake of miso soup was associated with a
significantly reduced risk of delay in communication
skills in the second and fourth quartiles, and maternal
intake of fermented soybeans was associated with a re-
duced risk in the third quartile (Supplementary Table 5).
Maternal intake of fermented soybeans was associated
with a significantly reduced risk of delay in fine motor
development in the third and fourth quartiles, and mater-
nal intake of cheese showed associated preventive effects
in the third and fourth quartiles (Supplementary Table 7).
For problem-solving, associated preventive effects were
observed with maternal intake of fermented soybeans in
the second and third quartiles, and with maternal intake of
cheese in the third and fourth quartiles (Supplementary
Table 8). Supplementary Table 9 shows that maternal
intake of yogurt was associated with a significantly re-
duced risk of delay in personal-social skills in the third
and fourth quartiles and that of cheese was associated
with a reduced risk in the third quartile. No reductions in
risk were observed for gross motor skills (Supplementary
Table 6).

DISCUSSION

In this study, we found that maternal intake of fermented
foods during pregnancy may protect against neurodevel-
opmental delay in early childhood, supporting our initial
hypothesis. Among the five neurodevelopmental domains
assessed, the effects were clearly observed in communi-
cation, fine motor, problem-solving, and personal-social
skills.

The gut-brain axis is a dynamic bidirectional neuroen-
docrine system used to describe the connections between
the gastrointestinal tract and nervous system. Three basic
pathways mediating communication between the gut and
brain have been proposed: direct neuronal communica-
tion, endocrine signaling mediators, and the immune sys-
tem.?? There are many regulatory factors that are common
to the enteric and central nervous systems. Both hor-
mones secreted by intestinal enterochromaffin cells and
metabolites produced by the gut microbiota interact with
biochemical pathways that influence central nervous sys-
tem processes by creating a means of direct communica-
tion between the external environment and brain.

In the context of the gut-brain axis, associations have
been found between bacterial intestinal flora and devel-
opmental disorders in children. Nikolov et al.!! reported
that 39 of 172 children (22.7%) with pervasive develop-
mental disorders were positive for gastrointestinal prob-
lems, primarily constipation and diarrhea. Furthermore,
compared with children without gastrointestinal prob-
lems, those with them showed greater symptom severity
in measures of irritability, anxiety, and social withdrawal.
De Angelis et al.!° evaluated the fecal microbiota in pa-
tients with ASD and pervasive developmental disorder
not otherwise specified and in healthy children and found
that levels of Clostridium and Bacteroides genera were
higher in children with ASD and that levels of Bifidobac-
terium species were lower in children with ASD com-
pared with healthy children. These findings suggest that
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Table 1. Demographic and obstetric characteristics of the participants (n = 73,522)

Mean/N (SD/%)

Maternal age, mean (SD) 311 (5.0)
Previous deliveries

Nulliparous 31,529 (44.0)

Multiparous 40,125 (56.0)
Energy intake (kcal), mean (SD) 1,728 (763.6)
Folic acid (mg), mean (SD) 0.3 (0.2)
Physical activity (MET-h/day), mean (SD) 3.9 (8.2)
Antibacterial drug intake

No 65,658 (89.3)

Yes 7,864 (10.7)
Marital status

Married (including common-law marriage) 69,903 (95.8)

Single (never married) 2,529 (3.5)

Divorced or widowed 538 0.7)
Pre-pregnancy BMI (kg/m?)

<185 11,907 (16.2)

18.5t0 <25 54,351 (74.0)

>25 7,225 9.8)
Alcohol intake

Never 24,507 (33.6)

Quit before learning of pregnancy 11,942 (16.4)

Quit after learning of pregnancy 34,576 (47.4)

Currently drinking 1,986 (2.7)
Active smoking status

Never 43,894 (60.1)

Quit before learning of pregnancy 16,476 (22.5)

Quit after learning of pregnancy 10,151 (13.9)

Currently smoking 10 cigarettes or less 2,050 (2.8)

Currently smoking more than 10 cigarettes 501 0.7)
Passive smoking status

No one in the household smoked 35,722 (48.8)

Somebody smoked but not in the presence of the baby 35,804 (48.9)

Somebody smoked in the presence of the baby 1,634 (2.2)
Annual household income (JPY)

<4 million 26,872 (39.2)

4-6 million 22,932 (33.4)

>6 million 18,806 (27.4)
Highest educational level

Junior high or high school 25,204 (34.4)

Technical junior college, technical/vocational college, or associate degree 31,226 (42.7)

Bachelor’s degree or postgraduate degree 16,749 (22.9)
Highest educational level of partner

Junior high or high school 31,002 (42.6)

Technical junior college, technical/vocational college, or associate degree 16,565 (22.8)

Bachelor’s degree or postgraduate degree 25,205 (34.6)
Employed

No 33,252 (45.6)

Yes 39,694 (54.4)

SD, standard deviation; MET, metabolic equivalents; JPY, Japanese yen.

the intestinal bacterial flora may promote the main symp-
toms and deuteropathies in patients with ASD.

Fermented foods improve intestinal bacterial flora, and
their effect is produced mainly by probiotics, including
Bifidobacterium, Lactobacillus, and Streptococcus spe-
cies. Furthermore, functional components produced by
the fermentation process affect intestinal flora. The colo-
nization of the intestinal bacterial flora begins immediate-
ly at birth, and the original bacterial community is estab-
lished within the first week after birth.?® Furthermore, the

formation of the intestinal bacterial flora during the neo-
natal period will dictate immune system development in
childhood and affect the composition of the intestinal
bacterial flora for the child’s entire life. In addition, one
of the most important determinants of intestinal
bifidobacteria in infants is the colonization of Bifidobac-
terium breve in the mother’s gut and vagina.® Interesting-
ly, Aagaard et al.?* reported a unique placental microbi-
ome niche comprising nonpathogenic commensal micro-
biota from the Firmicutes, Tenericutes, Proteobacteria,
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Figure 2. Forest plots of developmental delay. Forest plots of adjusteda ORs and 95% Cls for the cases of developmental delay in each
area assessed using the ASQ-3 according to the exposure variable. Q1, first quartile; Q2, second quartile; Q3, third quartile; Q4, fourth

quartile.

TAdjusted for maternal age, previous deliveries, energy intake, folic acid intake, physical activity, intake of antibacterial drugs, marital
status, pre-pregnancy BMI, alcohol intake, active smoking status, passive smoking status, annual household income, highest maternal
educational level, offspring’s sex, period of gestation, mode of delivery, birth weight, presence of any congenital anomaly and highest

educational level of partner.

Bacteroidetes, and Fusobacteria phyla. Thus, the mater-
nal intake of fermented foods during pregnancy may af-
fect the fetus from a relatively early stage.

Notably, communication impairments and develop-
mental delay in fine motor and personal-social skills,
which were identified in the present study, are well-
known features of children with ASD. ASD involves
complex neurodevelopmental dysfunctions that are char-
acterized by impairments in social interaction and com-
munication, as well as by restricted patterns of interest
and repetitive behaviors.!® In this study, we used the
ASQ-3 to estimate the early developmental status. How-
ever, it is difficult to determine whether the results of this
study estimate symptoms of ASD or the characteristics of

children who are not categorized as having ASD. There-
fore, long-term follow-up is needed for those children
suspected of having neurodevelopmental delay in this
study.

Moreover, the maternal intake of fermented foods did
not affect children’s gross motor skills in this study. This
finding may indicate that the maternal intake of ferment-
ed foods affects only neurodevelopment, not motor de-
velopment, although the mechanisms are unclear.

There are some limitations to our study. First, we did
not evaluate the composition of the mothers’ or infants’
intestinal bacterial flora, which may be affected by other
factors, including other dietary habits, infections (such as
gastroenteritis), and the use of antibacterial drugs. Sec-
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ond, neurodevelopmental status was evaluated only at 1
year of age. Some children may exhibit developmental
delay gradually after this age, while others who have neu-
rodevelopmental delay during early infancy often catch
up later. Additionally, it is difficult to judge whether a
child has a developmental disorder such as ASD and at-
tention-deficit/hyperactivity disorder at 1 year of age.
Thus, similar studies should be conducted later in devel-
opment to investigate this topic further. Third, because
this study used a self-reported questionnaire, it is unclear
whether the answers of the questionnaire correctly re-
flected mothers’ food consumption and the developmen-
tal status of their children.

In conclusion, we found an association between the
maternal intake of fermented foods during pregnancy and
early neurodevelopment in offspring, suggesting that if
pregnant women were to consume more fermented foods,
their children might avoid neurodevelopmental delay in
early childhood. We plan to conduct a follow-up study
when these children are 3 years old to further clarify the
association further.
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Supplementary Figures

Quartile for miso soup intake

1 (low) 2 3 4 (high)
(n=19,191) (n = 15,559) (n = 20,405) (n =18,367)

Maternal age, mean (SD) 30.9 ( 51 ) 30.9 ( 50 ) 31.4 ( 48 ) 31.2 ( 49 )
Previous deliveries, n (%)

Nulliparous 9,220 (495 ) 6,783 ( 44.8 ) 8,374 ( 422 ) 7,152 ( 39.8 )

Multiparous 9,426 ( 506 ) 8,376 ( 553 ) 11,494 (579 ) 10,829 ( 60.2 )
Energy intake (kcal), mean (SD) 1,604 ( 746.4 ) 1,691 ( 7545 ) 1,746 ( 675.7 ) 1,870 ( 851.6 )
Folic acid (mg), mean (SD) 0.2 ( 0.2 ) 0.2 ( 02 ) 0.3 ( 01 ) 0.3 ( 0.2 )
Physical activity (MET-h/day), mean (SD) 41 ( 85) 39 ( 80) 3.7 ( 78 ) 40 ( 86 )
Antibacterial drug intake, n (%)

No 17,258 ( 89.9 ) 13912 ( 894 ) 18,199 ( 89.2 ) 16,289 (  88.7 )

Yes 1,933 (101 ) 1,647 ( 10.6 ) 2,206 (108 ) 2,078 ( 113 )
Marital status, n (%)

Married (including common-law marriage) 18,029 ( 9438 ) 14,754 ( 955 ) 19,536 ( 96.4 ) 17,584 ( 96.5 )

Single (never married) 816 ( 43 ) 587 ( 38 ) 598 ( 3.0 ) 528 ( 29 )

Divorced or widowed 179 ( 0.9 ) 115 ( 0.7 ) 124 ( 0.6 ) 120 ( 0.7 )
Pre-pregnancy BMI (kg/m?), n (%)

<18.5 3,027 ( 158 ) 2,469 ( 159 ) 3,446 ( 169 ) 2,965 ( 16.2 )

18.5 to <25 14,029 ( 732 ) 11,560 ( 743 ) 15,164 (744 ) 13,598 ( 741 )

>25 2,119 ( 111 ) 1525 (98 ) 1,784 (88 ) 1,797 (98 )
Alcohol intake (%)

Never 6,572 ( 346 ) 5,226 ( 338 ) 6,757 ( 333 ) 5952 ( 326 )

Quit before learning of pregnancy 3,126 ( 16.4 ) 2,451 ( 159 ) 3,307 ( 163 ) 3,068 ( 16.8 )

Quit after learning of pregnancy 8,804 ( 463 ) 7,344 (1 475 ) 9,687 ( 47.7 ) 8,741 ( 479 )

Currently drinking 508 ( 2.7 ) 428 ( 28 ) 547 ( 2.7 ) 503 ( 28 )
Active smoking status (%)

Never 11,169 ( 58.6 ) 9,343 ( 604 ) 12,393 ( 611 ) 10,989 ( 60.1 )

Quit before learning of pregnancy 4,207 ( 221 ) 3,467 ( 224 ) 4,625 ( 228 ) 4,177 ( 229 )

Quit after learning of pregnancy 2,851 ( 15.0 ) 2,105 ( 136 ) 2,669 ( 132 ) 2,526 ( 138 )

Currently smoking 10 cigarettes or less 630 ( 33 ) 445 ( 29 ) 491 ( 24 ) 484 ( 2.7 )

Currently smoking more than 10 cigarettes 191 ( 1.0 ) 109 ( 0.7 ) 103 ( 05 ) 98 ( 05 )
Passive smoking status (%)

No one in the household smoked 9,263 ( 485 ) 7,627 ( 493 ) 10,122 ( 4938 ) 8,710 ( 476 )

Somebody smoked but not in the presence

of the baby 9,377 ( 49.1 ) 7,522 ( 48.6 ) 9,768 ( 481 ) 9,137 ( 50.0 )

gca)kr)r;ebodysmoked in the presence of the 442 ( 23 ) 333 ( 22 ) 424 ( 21 ) 435 ( 24 )
Annual household income (JPY), n (%)

<4 million 7,316 ( 411 ) 5829 ( 400 ) 7,161 ( 373 ) 6,566 ( 38.6 )

4-6 million 5745 ( 323 ) 4869 ( 334 ) 6,524 ( 340 ) 5794 ( 340 )

>6 million 4,747 ( 26.7 ) 3,892 ( 267 ) 5500 ( 287 ) 4,667 (274 )
Highest educational level, n (%)

Junior high school or high school 6,854 ( 36.0 ) 5212 ( 336 ) 6,559 ( 323 ) 6,579 ( 359 )

Technical junior college,

technical/vocational college, or associate 7,952 ( 418 ) 6,707 ( 432 ) 8,797 ( 433 ) 7,770 ( 424 )

degree

Bachelor’s degree or postgraduate degree 4211 ( 221 ) 3598 ( 232 ) 4,980 ( 245 ) 3,960 ( 216 )
Highest educational level of partner, n (%)

Junior high school or high school 8,303 ( 44.0 ) 6,459 ( 419 ) 8,086 ( 399 ) 8,154 ( 447 )

Technical junior college,

technical/vocational college, or associate 4,290 ( 227 ) 3,540 ( 23.0 ) 4,702 ( 232 ) 4,033 ( 2211 )

degree

Bachelor’s degree or postgraduate degree 6,286 ( 333 ) 5412 ( 351 ) 7,462 ( 369 ) 6,045 ( 332 )
Employed, n (%)

No 8,322 ( 439 ) 7,206 ( 466 ) 9,498 ( 469 ) 8,226 ( 451 )

Yes 10,654 ( 56.1 ) 8,252 (534 ) 10,762 ( 53.1 ) 10,026 ( 54.9 )

Supplementary Figure 1. Demographic and obstetric characteristics of the participants according to miso soup intake (n=73,522)
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Quartile for fermented soy bean intake

1 (low) 2 3 4 (high)
(n=13,503) (n=17577) (n = 23,265) (n=19,177)

Maternal age, mean (SD) 30.6 ( 53 ) 30.7 ( 51 ) 31.3 ( 48 ) 316 ( 47 )
Previous deliveries, n (%)

Nulliparous 6,274 ( 47.8) 7,926 ( 463 ) 9,467 ( 41.7) 7,862 (420 )

Multiparous 6,843 ( 52.2) 9,189 ( 537 ) 13,235 ( 58.3 ) 10,858 ( 58.0 )
Energy intake (kcal), mean (SD) 1540 ( 7133 ) 1,581 ( 613.8 ) 1,726 ( 599.2 ) 1,999 ( 9895 )
Folic acid (mg), mean (SD) 0.2 ( 0.1 ) 0.2 ( 0.1 ) 0.3 ( 0.1) 0.3 ( 02 )
Physical activity (MET -h/day), mean (SD) 40 ( 82) 3.9 ( 8.5 ) 37 (1 79) 4.0 ( 8.3 )
Antibacterial drug intake, n (%)

No 12,209 ( 904 ) 15,709 ( 89.4 ) 20,682 ( 88.9 ) 17,058 ( 89.0 )

Yes 1294 (96 ) 1,868 ( 10.6 ) 2,583 ( 11.1 ) 2,119 ( 111 )
Marital status, n (%)

Married (including common-law marriage) 12,646 ( 945 ) 16,575 (  95.1 ) 22,249 (1 96.2 ) 18,433 ( 96.8 )

Single (never married) 601 ( 45 ) 736 ( 42 ) 712 ( 3.1) 480 ( 25 )

Divorced or widowed 132 (1.0 ) 127 ( 07) 158 (0.7 ) 121 (06 )
Pre-pregnancy BMI (kg/m?), n (%)

<18.5 2,253 ( 16.7 ) 2,904 ( 165 ) 3,785 ( 163 ) 2,965 ( 155 )

18.5 to <25 9,707 ( 71.9 ) 12,942 ( 73.7 ) 17,352 ( 74.6 ) 14,350 (749 )

>25 1535 ( 11.4) 1,721 ( 9.8) 2,115 ( 9.1) 1,854 ( 9.7)
Alcohol intake (%)

Never 4952 ( 37.2) 5991 ( 343) 7,485 ( 324 ) 6,079 ( 319 )

Quit before learning of pregnancy 2,248 ( 16.9 ) 2,720 ( 156 ) 3,672 ( 159 ) 3,302 ( 173 )

Quit after learning of pregnancy 5811 ( 436 ) 8,286 ( 47.4 ) 11,310 ( 48.9 ) 9,169 ( 48.1 )

Currently drinking 309 ( 23 ) 484 ( 28 ) 660 ( 29 ) 533 ( 28 )
Active smoking status (%)

Never 8,086 ( 60.4 ) 10,257 ( 58.7 ) 14,029 ( 60.7 ) 11,522 ( 60.4 )

Quit before learning of pregnancy 2,651 ( 198 ) 3,840 ( 22.0 ) 5367 ( 232 ) 4618 ( 242 )

Quit after learning of pregnancy 2,019 ( 151 ) 2,678 ( 153 ) 3,023 ( 131 ) 2,431 ( 128 )

Currently smoking 10 cigarettes or less 492 ( 3.7 ) 582 ( 33) 585 ( 25 ) 391 ( 21)

Currently smoking more than 10 cigarettes 151 ( 1.1) 119 ( 0.7 ) 125 ( 0.5 ) 106 ( 0.6 )
Passive smoking status (%)

No one in the household smoked 6,300 ( 46.9 ) 8,162 ( 46.7 ) 11,412 ( 493 ) 9,848 (  51.6 )

Somebody smoked but not in the presence

of the baby 6,748 ( 503 ) 8,896 (509 ) 11,275 ( 48.7 ) 8,885 (  46.6 )

ﬁgg;ebody smoked in the presence of the 376 ( 28 ) 434 ( 25 ) 474 ( 21) 350 ( 18 )
Annual household income (JPY), n (%)

<4 million 5252 ( 424 ) 6,639 ( 405 ) 8,203 ( 376 ) 6,778 ( 376 )

4-6 million 3983 ( 322) 5410 ( 33.0 ) 7,439 ( 34.1 ) 6,100 ( 339 )

>6 million 3,149 ( 254 ) 4354 ( 265 ) 6,159 ( 28.3 ) 5144 ( 285 )
Highest educational level, n (%)

Junior high school or high school 4973 ( 373) 6,365 ( 36.3 ) 7,678 ( 33.1) 6,188 ( 324 )

Technical junior college,

technical/vocational college, or associate 5470 ( 41.0 ) 7,388 ( 421 ) 9,997 ( 43.1 ) 8,371 ( 438 )

degree

Bachelor’s degree or postgraduate degree 2901 ( 21.7 ) 3,782 ( 216 ) 5512 ( 238 ) 4,554 ( 238 )
Highest educational level of partner, n (%)

Junior high school or high school 6,048 ( 457 ) 7,720 ( 443 ) 9,604 (416 ) 7,630 ( 40.1 )

Technical junior college,

technical/vocational college, or associate 2,933 ( 22.2) 4,045 (1 232 ) 5,207 ( 22.6 ) 4,380 ( 23.0 )

degree

Bachelor’s degree or postgraduate degree 4258 ( 32.2) 5660 ( 325 ) 8,280 ( 359 ) 7,007 ( 36.9 )
Employed, n (%)

No 5986 ( 450 ) 7,593 ( 435 ) 10,630 ( 46.0 ) 9,043 ( 475 )

Yes 7,326 (_55.0 ) 9,877 (_ 56,5 ) 12,483 ( 54.0 ) 10,008 (525 )

Supplementary Figure 2. Demographic and obstetric characteristics of the participants according to soy bean intake (n=73,522)
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Quartile for yogurt intake

1 (low) 2 3 4 (high)
(n=20,129) (n=15,601) (n=16,878) (n=20,914)

Maternal age, mean (SD) 30.3 ( 52 ) 31.0 ( 49 ) 314 ( 48 ) 31.8 ( 47 )
Previous deliveries, n (%)

Nulliparous 7,875 (400 ) 5833 ( 383 ) 7,382 ( 448 ) 10,439 ( 515 )

Multiparous 11,793 ( 60.0 ) 9,418 ( 618 ) 9,082 ( 55.2 ) 9,832 ( 485 )
Energy intake (kcal), mean (SD) 1512 ( 6417 ) 1,677 ( 662.8 ) 1,748 ( 6723 ) 1,960 ( 9276 )
Folic acid (mg), mean (SD) 0.2 ( 0.1 ) 0.2 ( 01 ) 0.3 ( 01 ) 0.3 ( 02 )
Physical activity (MET-h/day), mean (SD) 41 ( 8.9 ) 3.8 ( 79 ) 3.9 ( 79 ) 3.8 ( 8.0 )
Antibacterial drug intake, n (%)

No 17,941 ( 891 ) 13871 ( 889 ) 15081 ( 89.4 ) 18765 ( 89.7 )

Yes 2,188 ( 10.9 ) 1,730 ( 11.1) 1,797 ( 10.7 ) 2,149 ( 103 )
Marital status, n (%)

Married (including common-law marriage) 18,820 ( 943 ) 14812 ( 95.7 ) 16,127 ( 96.2 ) 20,144 ( 97.0 )

Single (never married) 916 ( 46 ) 544 ( 35 ) 537 ( 3.2 ) 532 ( 26 )

Divorced or widowed 226 ( 11 ) 122 ( 0.8 ) 97 ( 0.6 ) 93 ( 05 )
Pre-pregnancy BMI (kg/m?), n (%)

<18.5 3,273 (163 ) 2,490 ( 16.0 ) 2,705 ( 16.0 ) 3,439 (165 )

18.5 to <25 14,434 (718 ) 11,510 ( 73.8 ) 12,617 (748 ) 15,790 (755 )

>25 2,411 (120 ) 1,593 (102 ) 1548 (9.2 ) 1,673 ( 8.0 )
Alcohol intake (%0)

Never 6,798 ( 34.1 ) 5,355 (345 ) 5568 ( 332 ) 6,786 (  32.7 )

Quit before learning of pregnancy 3,304 (166 ) 2,556 ( 16.5 ) 2,665 (159 ) 3,417 ( 164 )

Quit after learning of pregnancy 9,178 ( 46.0 ) 7,148 ( 46.1 ) 8,105 ( 48.3 ) 10,145 (488 )

Currently drinking 655 ( 33 ) 457 ( 3.0 ) 437 ( 2.6 ) 437 ( 21 )
Active smoking status (%)

Never 10,395 ( 52.1 ) 9213 ( 594 ) 10,492 ( 62.5 ) 13,794 ( 66.3 )

Quit before learning of pregnancy 4,637 ( 232 ) 3502 ( 226 ) 3,762 ( 224 ) 4575 (220 )

Quit after learning of pregnancy 3,744 (188 ) 2213 ( 143) 2,111 ( 126 ) 2,083 ( 10.0 )

Currently smoking 10 cigarettes or less 926 ( 46 ) 481 ( 31) 350 ( 21) 293 ( 14 )

Currently smoking more than 10 cigarettes 263 ( 13 ) 105 ( 0.7 ) 64 ( 04 ) 69 ( 03 )
Passive smoking status (%)

No one in the household smoked 8,428 ( 421 ) 7,164 ( 46.1 ) 8,603 ( 512 ) 11,527 ( 554 )

Somebody smoked but not in the presence

of the baby 10,905 ( 54.5 ) 7,999 ( 515 ) 7874 ( 469 ) 9,026 (433 )

Egtr)r;ebody smoked in the presence of the 678 ( 34 ) 365 ( 24 ) 320 ( 19 ) 271 ( 13 )
Annual household income (JPY), n (%)

<4 million 8,749 ( 474 ) 5,899 ( 40.6 ) 5838 ( 36.8 ) 6,386 (324 )

4-6 million 5,812 (315 ) 4883 ( 33.6 ) 5,366 ( 338 ) 6,871 ( 348 )

>6 million 3,909 (212 ) 3761 ( 259 ) 4,655 ( 29.4 ) 6,481 ( 328 )
Highest educational level, n (%)

Junior high school or high school 8,922 ( 448 ) 5,603 ( 36.0 ) 5169 (  30.7 ) 5510 ( 264 )

Technical junior college,

technical/vocational college, or associate 7,657 (384 ) 6,670 (429 ) 7457 ( 443 ) 9,442 ( 453 )

degree

Bachelor’s degree or postgraduate degree 3,359 (169 ) 3272 ( 211) 4,209 ( 25.0 ) 5909 ( 283 )
Highest educational level of partner, n (%)

Junior high school or high school 10,085 ( 51.0 ) 6,960 ( 45.0 ) 6,589 ( 393 ) 7,368 (355 )

Technical junior college,

technical/vocational college, or associate 4341 (1 219 ) 3518 ( 227 ) 3,887 ( 232 ) 4819 ( 232 )

degree

Bachelor’s degree or postgraduate degree 5356 ( 27.1 ) 4,990 ( 323 ) 6,293 ( 375 ) 8,566 ( 413 )
Employed, n (%)

No 9,408 ( 473 ) 7,129 ( 46.0 ) 7,506 ( 44.8 ) 9,209 ( 444 )

Yes 10,502 ( 52.8 ) 8,381 ( 54.0 ) 9,264 (552 ) 11,547 (_ 55.6 )

Supplementary Figure 3. Demographic and obstetric characteristics of the participants according to yoghurt intake (n=73,522)
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Quartile for cheese intake

1 (low) 2 3 4 (high)
(n = 18,657) (n=16,846) (n=20,637) (n=17,382)

Maternal age, mean (SD) 30.3 ( 52 ) 30.8 ( 5.0 ) 314 ( 48 ) 31.9 ( 48 )
Previous deliveries, n (%)

Nulliparous 8,710 ( 480 ) 7,644 ( 46.6 ) 8399 ( 417 ) 6,776 ( 40.0 )

Multiparous 9,420 ( 52.0 ) 8,777 ( 535 ) 11,753 ( 583 ) 10,175 ( 60.0 )
Energy intake (kcal), mean (SD) 1,511 ( 8011 ) 1,607 ( 563.3 ) 1,754 ( 598.8 ) 2,049 ( 9358 )
Folic acid (mg), mean (SD) 02 ( 02) 02 ( 01 ) 03 ( 01 ) 03 ( 02 )
Physical activity (MET-h/day), mean (SD) 43 ( 88 ) 38 ( 78 ) 37 ( 17) 38 ( 85 )
Antibacterial drug intake, n (%)

No 16,682 ( 894 ) 15030 ( 89.2 ) 18453 ( 894 ) 15493 ( 89.1 )

Yes 1,975 ( 106 ) 1,816 ( 10.8 ) 2,184 ( 106 ) 1,889 ( 109 )
Marital status, n (%)

Married (including common-law marriage) 17,369 ( 940 ) 15989 ( 956 ) 19,801 ( 96.6 ) 16,744 ( 97.0 )

Single (never married) 938 ( 51 ) 602 (36 ) 570 ( 2.8 ) 419 (24 )

Divorced or widowed 176 ( 10 ) 131 ( 0.8 ) 132 ( 0.6 ) 9 ( 06 )
Pre-pregnancy BMI (kg/m?), n (%)

<18.5 3061 ( 164 ) 2,689 ( 16.0 ) 3,333 ( 162 ) 2,824 ( 163 )

18.5 to <25 13,414 ( 719 ) 12,402 ( 737 ) 15483 ( 751 ) 13,062 ( 751 )

>25 2173 ( 117 ) 1,747 ( 104 ) 1809 ( 88 ) 1496 ( 86 )
Alcohol intake (%)

Never 6,665 ( 36.1 ) 5588 ( 334 ) 6,696 ( 327 ) 5558 ( 322 )

Quit before learning of pregnancy 3,080 ( 16.7 ) 2,661 ( 159 ) 3,305 ( 16.1 ) 2,896 ( 16.8 )

Quit after learning of pregnancy 8,309 ( 45.0 ) 8,029 ( 48.0 ) 9,934 ( 484 ) 8,304 ( 48.1 )

Currently drinking 423 ( 23 ) 468 ( 2.8 ) 571 ( 2.8 ) 524 ( 3.0 )
Active smoking status (%)

Never 10,285 ( 55.6 ) 9913 ( 59.2 ) 12,844 ( 626 ) 10852 ( 628 )

Quit before learning of pregnancy 3,998 ( 216 ) 3,772 ( 225 ) 4580 ( 223 ) 4126 ( 239 )

Quit after learning of pregnancy 3,296 ( 178 ) 2,446 ( 146 ) 2,543 ( 124 ) 1866 ( 108 )

Currently smoking 10 cigarettes or less 740 ( 4.0 ) 503 (3.0 ) 445 (1 22 ) 362 (21 )

Currently smoking more than 10 cigarettes 196 (1.1 ) 110 (0.7 ) 119 ( 06 ) 76 ( 04 )
Passive smoking status (%6)

No one in the household smoked 8,124 ( 438 ) 7,901 ( 47.1 ) 10,363 ( 504 ) 9,334 ( 540 )

Somebody smoked but not in the presence

of the baby 9,869 ( 532 ) 8,457 ( 50.4 ) 9,802 ( 47.7 ) 7,676 ( 44.4 )

Egkr)r;ebody smoked in the presence of the 551 (3.0 ) 412 (25 ) 384 ( 19 ) 287 ( 17 )
Annual household income (JPY), n (%)

<4 million 7,769 ( 457 ) 6,252 ( 39.8 ) 7,205 ( 37.0 ) 5646 ( 344 )

4-6 million 5239 ( 308 ) 5256 ( 334 ) 6,677 ( 343 ) 5760 ( 351 )

>6 million 3998 ( 235 ) 4208 ( 26.8 ) 5590 ( 28.7 ) 5010 ( 305 )
Highest educational level, n (%)

Junior high school or high school 8,019 ( 434 ) 6,087 ( 36.2 ) 6,343 ( 308 ) 4755 ( 274 )

Technical junior college,

technical/vocational college, or associate 7,371 ( 399 ) 7,060 ( 42.0 ) 9,072 ( 441 ) 7,723 ( 446 )

degree

Bachelor’s degree or postgraduate degree 3,096 ( 16.8 ) 3,648 ( 21.7 ) 5153 ( 251 ) 4852 ( 28.0 )
Highest educational level of partner, n (%)

Junior high school or high school 9,067 ( 495 ) 7,381 ( 442 ) 8,091 ( 395 ) 6,463 ( 374 )

Technical junior college,

technical/vocational college, or associate 4,031 ( 220 ) 3,852 ( 23.1 ) 4,769 ( 233 ) 3,913 ( 227 )

degree

Bachelor’s degree or postgraduate degree 5234 ( 286 ) 5464 ( 327 ) 7,618 ( 37.2 ) 6,889 ( 399 )
Employed, n (%)

No 8,096 ( 439 ) 7,459 ( 446 ) 9,527 ( 465 ) 8,170 ( 473 )

Yes 10,336 (_ 56.1 ) 9,283 (555 ) 10974 (535 ) 9,101 (527 )

Supplementary Figure 4. Demographic and obstetric characteristics of the participants according to cheese intake (n=73,522)
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Communication

par,\ltigi.p(;; g No.of delayed cases (%) Crude OR (95% ClI) p -value Adgj;ted (95% CI) p -value

Miso soup

Q1 (0-25) 19,191 750 (3.91) reference reference

Q2 (25-74) 15,559 468 (3.01) 0.77 ( 068 , 087 ) <.0001 0.75 ( 066 , 085 ) <.0001

Q3 (74-130) 20,405 743 (3.64) 0.94 ( 08 , 104 ) 0.251 0.96 ( 085 , 107 ) 0.441

Q4 (130-2063) 18,367 518 (2.82) 0.73 ( 065 , 082 ) <.0001 0.78 ( 069 , 089 ) 0.0001

Trend test <.0001 0.010
Fermented soy beans

Q1 (0-2) 13,503 522 (3.87) reference reference

Q2 (2-7) 17,577 611 (3.48) 0.90 ( 080 , 102 ) 0.086 0.97 ( 08 , 111 ) 0.643

Q3 (7-13) 23,265 727 (3.12) 0.81 ( 072 , 091 ) 0.001 0.88 ( 077 , 1.00 ) 0.044

Q4 (13-600) 19,177 619 (3.23) 0.84 ( 075 , 095 ) 0.006 1.00 (087 , 115 ) 0.980

Trend test 0.002 0.556
Yogurt

Q1 (0-10) 20,129 658 (3.27) reference reference

Q2 (10-28) 15,601 500 (3.20) 1.01 ( 089 , 114 ) 0.936 0.93 (081, 106 ) 0.278

Q3 (28-92) 16,878 577 (3.42) 1.08 ( 096 , 121 ) 0.209 0.98 (08 , 112 ) 0.785

Q4 (92-1440) 20,914 744 (3.56) 1.12 ( 100 , 126 ) 0.044 0.93 ( 082 , 106 ) 0.295

Trend test 0.018 0.464
Cheese

Q1 (0-1) 18,657 627 (3.36) reference reference

Q2 (1-2) 16,846 553 (3.28) 0.99 ( 088 , 112 ) 0.919 0.94 ( 083 , 108 ) 0.385

Q3 (2-5) 20,637 706 (3.42) 1.04 ( 093 , 117 ) 0.469 1.01 (089 , 115 ) 0.849

Q4 (5-240) 17,382 593 (3.41) 1.02 ( 091 , 115 ) 0.710 1.00 (08 , 115 ) 0.984

Trend test 0.585 0.840

Supplementary Figure 5. Odds ratios (95% confidence intervals) for relationships between the development of communication skills at the age of 1 year and the intake of fermented food during pregnancy.
TAdjusted for intake of energy, intake of folic acid, maternal age, marital status, annual household income, highest educational level, employment status for women during mid-late pregnancy, alcohol intake in mid-
late pregnancy, active smoking status 1 month after delivery, passive smoking status at 1 month after delivery, physical activity during mid-late pregnancy (MET/min), pre-pregnancy BMI, previous deliveries (none,
or one or more), period of gestation, sex of child, any congenital anomaly of the child, birth weight, highest educational level of partner, delivery method (vaginal delivery or caesarean section), intake of antibacteri-
al drugs.

Bold indicates significance (p <0.05)
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Gross motor

No. of Adjusted
participants No. of delayed cases (%) Crude OR (95% CI) p -value é)R (95% ClI) p -value

Miso soup

Q1 (0-25) 19,191 1,102 (5.74) reference reference

Q2 (25-74) 15,559 867 (5.57) 0.97 ( 0.88 1.06 0.450 0.94 ( 084 1.04 0.195

Q3 (74-130) 20,405 1,217 (5.96) 1.03 ( 095 1.13 0.442 1.03 ( 094 1.13 0.527

Q4 (130-2063) 18,367 1,094 (5.96) 1.04 ( 095 1.13 0.397 1.03 ( 0.94 1.14 0.535

Trend test 0.234 0.267
Fermented soy beans

Q1 (0-2) 13,503 759 (5.62) reference reference

Q2 (2-7) 17,577 1,042 (5.93) 1.06 ( 0.96 1.16 0.273 1.07 ( 0.96 1.19 0.236

Q3 (7-13) 23,265 1,374 (5.91) 1.04 ( 095 1.14 0.424 1.07 ( 097 1.19 0.181

Q4 (13-600) 19,177 1,105 (5.76) 0.99 ( 0.90 1.09 0.838 0.99 ( 0.89 111 0.886

Trend test 0.595 0.756
Yogurt

Q1 (0-10) 20,129 1,109 (5.51) reference reference

Q2 (10-28) 15,601 844 (5.41) 0.98 ( 0.89 1.08 0.704 0.93 ( 084 1.04 0.190

Q3 (28-92) 16,878 988 (5.85) 1.07 ( 0.98 1.17 0.154 0.99 ( 0.90 1.10 0.878

Q4 (92-1440) 20,914 1,339 (6.40) 1.18 ( 1.08 , 1.28 0.0002 1.06 ( 096 , 1.16 0.286

Trend test <.0001 0.166
Cheese

Q1 (0-1) 18,657 1,072 (5.75) reference reference

Q2 (1-2) 16,846 981 (5.82) 1.01 ( 092 1.10 0.900 0.99 ( 0.90 1.10 0.892

Q3 (2-5) 20,637 1,186 (5.75) 0.98 ( 0.90 1.07 0.705 0.94 ( 0.85 1.04 0.220

Q4 (5-240) 17,382 1,041 (5.99) 1.00 ( 091 1.10 0.976 0.93 ( 084 1.04 0.187

Trend test 0.761 0.087

Supplementary Figure 6. Odds ratios (95% confidence intervals) for relationships between the development of gross motor skills at the age of 1 year and the intake of fermented food during pregnancy.

TAdjusted for intake of energy, intake of folic acid, maternal age, marital status, annual household income, highest educational level, employment status for women during mid-late pregnancy, alcohol intake in mid-

late pregnancy, active smoking status 1 month after delivery, passive smoking status at 1 month after delivery, physical activity during mid-late pregnancy (MET/min), pre-pregnancy BMI, previous deliveries (none,
or one or more), period of gestation, sex of child, any congenital anomaly of the child, birth weight, highest educational level of partner, delivery method (vaginal delivery or caesarean section), intake of antibacteri-

al drugs.
Bold indicates significance (p <0.05)
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Fine motor
No. of Adjusted
participants No. of delayed cases (%) Crude OR (95% CI) p -value é)R (95% CI) p -value

Miso soup

Q1 (0-25) 19,191 1,187 (6.19) reference reference

Q2 (25-74) 15,559 881 (5.66) 0.93 ( 08 , 102 ) 0.108 0.96 ( 087 , 106 ) 0.392

Q3 (74-130) 20,405 1,201 (5.89) 0.98 ( 090 , 107 ) 0.638 1.00 (091 , 109 ) 0.947

Q4 (130-2063) 18,367 1,085 (5.91) 0.99 ( 091 , 108 ) 0.783 1.01 (092 , 112 ) 0.796

Trend test 0.998 0.694
Fermented soy beans

Q1 (0-2) 13,503 890 (6.59) reference reference

Q2 (2-7) 17,577 1,098 (6.25) 0.96 ( 087 , 105 ) 0.355 0.98 ( 08 , 108 ) 0.681

Q3 (7-13) 23,265 1,295 (5.57) 0.86 (079 , 094 ) 0.001 0.87 ( 079 , 096 ) 0.007

Q4 (13-600) 19,177 1,071 (5.58) 0.87 ( 079 , 096 ) 0.005 0.90 ( 080 , 100 ) 0.046

Trend test 0.001 0.008
Yogurt

Q1 (0-10) 20,129 1,271 (6.31) reference reference

Q2 (10-28) 15,601 923 (5.92) 0.99 ( 090 , 108 ) 0.775 0.97 ( 08 , 107 ) 0.559

Q3 (28-92) 16,878 979 (5.80) 0.98 ( 090 , 107 ) 0.633 0.99 ( 09 , 110 ) 0.886

Q4 (92-1440) 20,914 1,181 (5.65) 0.95 ( 087 , 104 ) 0.267 0.96 ( 087 , 106 ) 0.379

Trend test 0.278 0.463
Cheese

Q1 (0-1) 18,657 1,223 (6.56) reference reference

Q2 (1-2) 16,846 1,035 (6.14) 0.95 ( 087 , 103 ) 0.232 0.94 ( 08 , 103 ) 0.203

Q3 (2-5) 20,637 1,148 (5.56) 0.87 ( 080 , 095 ) 0.001 0.83 ( 076 , 092 ) 0.0002

Q4 (5-240) 17,382 948 (5.45) 0.86 ( 078 , 094 ) 0.001 0.83 ( 074 , 092 ) 0.0003

Trend test 0.0001 <.0001

Supplementary Figure 7. Odds ratios (95% confidence intervals) for relationships between the development of fine motor skills at the age of 1 year and the intake of fermented food during pregnancy.

TAdjusted for intake of energy, intake of folic acid, maternal age, marital status, annual household income, highest educational level, employment status for women during mid-late pregnancy, alcohol intake in mid-
late pregnancy, active smoking status 1 month after delivery, passive smoking status at 1 month after delivery, physical activity during mid-late pregnancy (MET/min), pre-pregnancy BMI, previous deliveries (none,
or one or more), period of gestation, sex of child, any congenital anomaly of the child, birth weight, highest educational level of partner, delivery method (vaginal delivery or caesarean section), intake of antibacteri-
al drugs.

Bold indicates significance (p <0.05)



Fermented food intake and infant neurodevelopment 81

Problem-solving

pa:\'tigi'p‘;‘;ts No. of delayed cases (%) ~Crude OR (95% Cl) p -value Adg’;ted (95% Cl) b -value

Miso soup

Q1 (0-25) 19,191 1,090 (5.68) reference reference

Q2 (25-74) 15,559 854 (5.49) 0.99 ( 090 , 108 ) 0.742 1.00 ( 09 , 111 ) 0.968

Q3 (74-130) 20,405 1,047 (5.13) 0.93 (08 , 101 ) 0.091 0.95 ( 086 , 1.05 ) 0.340

Q4 (130-2063) 18,367 980 (5.34) 0.97 ( 089 , 106 ) 0.499 1.04 ( 094 , 115 ) 0.475

Trend test 0.276 0.787
Fermented soy beans

Q1 (0-2) 13,503 848 (6.28) reference reference

Q2 (2-7) 17,577 955 (5.43) 0.87 ( 079 , 100 ) 0.005 0.89 ( 080 , 1.00 ) 0.040

Q3 (7-13) 23,265 1,183 (5.08) 0.83 ( 076 , 091 ) <.0001 0.87 ( 078 , 096 ) 0.007

Q4 (13-600) 19,177 985 (5.14) 0.84 ( 076 , 093 ) 0.001 0.94 ( 084 , 1.05 ) 0.244

Trend test 0.0004 0.176
Yogurt

Q1 (0-10) 20,129 1,132 (5.62) reference reference

Q2 (10-28) 15,601 813 (5.21) 0.99 ( 090 , 109 ) 0.787 0.94 ( 08 , 105 ) 0.276

Q3 (28-92) 16,878 885 (5.24) 1.01 (092 , 111 ) 0.890 0.91 ( 082 , 101 ) 0.082

Q4 (92-1440) 20,914 1,141 (5.46) 1.05 (09 , 115 ) 0.266 0.96 ( 08 , 1.06 ) 0.400

Trend test 0.206 0.344
Cheese

Q1 (0-1) 18,657 1,128 (6.05) reference reference

Q2 (1-2) 16,846 943 (5.60) 0.94 ( 086 , 103 ) 0.178 0.95 ( 086 , 1.05 ) 0.321

Q3 (2-5) 20,637 1,036 (5.02) 0.85 ( 077 , 093 ) 0.0002 0.86 ( 078 , 095 ) 0.003

Q4 (5-240) 17,382 864 (4.97) 0.83 ( 076 , 092 ) 0.0002 0.88 (079 , 099 ) 0.027

Trend test <.0001 0.002

Supplementary Figure 8. Odds ratios (95% confidence intervals) for relationships between the development of problem-solving skills at the age of 1 year and the intake of fermented food during pregnancy.
TAdjusted for intake of energy, intake of folic acid, maternal age, marital status, annual household income, highest educational level, employment status for women during mid-late pregnancy, alcohol intake in mid-
late pregnancy, active smoking status 1 month after delivery, passive smoking status at 1 month after delivery, physical activity during mid-late pregnancy (MET/min), pre-pregnancy BMI, previous deliveries (none,
or one or more), period of gestation, sex of child, any congenital anomaly of the child, birth weight, highest educational level of partner, delivery method (vaginal delivery or caesarean section), intake of antibacteri-
al drugs.

Bold indicates significance (p <0.05)
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Personal-social
No. of Adjusted

participants No. of delayed cases (%) Crude OR (95% ClI) p -value OR (95% CI) p -value

Miso soup

Q1 (0-25) 19,191 599 (3.12) reference reference

Q2 (25-74) 15,559 458 (2.94) 0.95 ( 084 , 108 ) 0.413 0.96 (084 , 110 ) 0.531

Q3 (74-130) 20,405 643 (3.15) 1.02 (091, 114 ) 0.724 1.02 ( 09 , 116 ) 0.769

Q4 (130-2063) 18,367 529 (2.88) 0.92 ( 082 , 104 ) 0.181 0.90 ( 078 , 103 ) 0.109

Trend test 0.367 0.213
Fermented soy beans

Q1 (0-2) 13,503 412 (3.05) reference reference

Q2 (2-7) 17,577 544 (3.09) 1.03 ( 090 , 117 ) 0.691 1.04 ( 09 , 120 ) 0.611

Q3 (7-13) 23,265 671 (2.88) 0.97 ( 08 , 111 ) 0.681 0.96 (08 , 111 ) 0.572

Q4 (13-600) 19,177 602 (3.14) 1.08 (094 , 123 ) 0.268 1.08 (093, 125 ) 0.312

Trend test 0.434 0.615
Yogurt

Q1 (0-10) 20,129 653 (3.24) reference reference

Q2 (10-28) 15,601 491 (3.15) 0.99 (087 , 111 ) 0.817 0.96 (084 , 109 ) 0.502

Q3 (28-92) 16,878 484 (2.87) 0.89 ( 079 , 101 ) 0.062 0.86 ( 075 , 098 ) 0.027

Q4 (92-1440) 20,914 601 (2.87) 0.88 ( 079 , 1.00 ) 0.041 0.87 (076 , 099 ) 0.039

Trend test 0.023 0.021
Cheese

Q1 (0-1) 18,657 597 (3.20) reference reference

Q2 (1-2) 16,846 511 (3.03) 0.95 ( 084 , 108 ) 0.430 0.94 ( 08 , 107 ) 0.334

Q3 (2-5) 20,637 600 (2.91) 0.92 ( 082 , 104 ) 0.187 0.85 ( 074 , 097 ) 0.015

Q4 (5-240) 17,382 521 (3.00) 0.97 ( 08 , 110 ) 0.589 0.89 ( 077 , 103 ) 0.114

Trend test 0.455 0.036

Supplementary Figure 9. Odds ratios (95% confidence intervals) for relationships between the development of personal-social skills at the age of 1 year and the intake of fermented food during pregnancy.
TAdjusted for intake of energy, intake of folic acid, maternal age, marital status, annual household income, highest educational level, employment status for women during mid-late pregnancy, alcohol intake in mid-
late pregnancy, active smoking status 1 month after delivery, passive smoking status at 1 month after delivery, physical activity during mid-late pregnancy (MET/min), pre-pregnancy BMI, previous deliveries (none,
or one or more), period of gestation, sex of child, any congenital anomaly of the child, birth weight, highest educational level of partner, delivery method (vaginal delivery or caesarean section), intake of antibacteri-
al drugs.

Bold indicates significance (p <0.05)



