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Abstract

Background

Evidence indicates that human circadian rhythm is affected by the intestinal microbiota, and

establishment of the circadian rhythm begins during fetal development. However, the rela-

tionship between maternal fermented food intake and infant sleep duration has not been

previously investigated. In this study, we examined whether dietary consumption of fer-

mented food during pregnancy is associated with infant sleep duration at 1 year of age.

Methods

This birth cohort study used data from a nationwide government-funded study called The

Japan Environment and Children’s Study (JECS). After exclusions from a dataset compris-

ing 104,065 JECS records, we evaluated 72,624 mother-child pairs where the child was 1

year old. We investigated the association between dietary intake of fermented foods during

pregnancy and infant sleep duration of less than 11 h at 1 year of age.

Results

Multivariable logistic regression showed that maternal intake of fermented food, especially

miso, during the pregnancy was independently associated with reduced risk of infant sleep

duration of less than 11 h.

Conclusions

Further research, including interventional studies, is warranted to confirm the association

between consumption of fermented foods during pregnancy and sufficient infant sleep duration.

Trial registration

UMIN000030786.
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Introduction

Infants require sleep of sufficient duration and quality for healthy development. Sleep patterns

commensurate with the child’s development change during the neonatal period and infancy. If

these changes go beyond the normal range, developmental problems can occur, ranging from

increased risk of obesity to neurodevelopmental disorders. For example, 6-year-olds who had

short sleep duration in early infancy had a greater risk of hyperactivity than those who had

adequate sleep duration [1]. Staying up late and short sleep duration have been linked to physi-

cal developmental issues, especially obesity, in 3-year-olds [2]. Also, sleep duration of less than

10.5 h before the age of 3 years was identified as a risk factor for infant obesity [3]. The impor-

tance of investigating the causes and effects of insufficient sleep duration in infancy are there-

fore clear and have been attracting researchers’ attention.

The dietary habits of expectant mothers are lifestyle factors that are generally recognized to

affect fetuses and infants. Recently, food products containing probiotics have been actively

promoted as part of the maternal diet and have garnered considerable interest [4]. Specifically,

certain types of fermented food are thought to affect the intestinal microbiota and have been

linked to the maintenance of maternal health [5, 6], or conversely the onset of illness, depend-

ing on the amount consumed [7, 8]. In addition, maternal microbiota and several other factors

have been shown to affect the microbiota of infants [9–12]. Taken together with reports

describing an association between infant microbiota and infant neurocognitive development

[13, 14], the extent of maternal intake of fermented food may affect the normal development

of fetuses, neonates, and infants, especially their sleep duration, which can be regarded as an

indicator of normal development. However, the association between such intake and infant

sleep duration has not been investigated on a sufficient scale in epidemiological studies.

In this study, we investigated whether maternal intake of fermented food during pregnancy

affects infant sleep duration. We used logistic regression analysis of fixed data from mothers

and their 1-year-old children obtained in a large-scale cohort study, the Japan Environment

and Children’s Study (JECS).

Materials and methods

Study population

The JECS protocol has been described in detail elsewhere [15, 16]. Briefly, the aim of the JECS,

a nationwide government-funded birth cohort study, is to determine the impact of certain

environmental factors on child health and development. JECS participants were women in the

first trimester of pregnancy from 15 regions of Japan who were enrolled from January 2011 to

March 2014 [15, 16]. The eligibility criteria for participants (expectant mothers) were as fol-

lows: 1) resident in a study area at the time of recruitment and expected to reside continually

in Japan for the foreseeable future, 2) expected delivery date between 1 August 2011 and mid-

2014, and 3) able to participate in the study without difficulty (i.e., able to understand Japanese

and to complete the self-administered questionnaire). Excluded were expectant mothers resid-

ing outside a study area even if visiting cooperating healthcare providers within a study area

[15]. The present study analyzed the jecs-an-20180131 dataset released in March 2018. The full

dataset comprises 104,065 records obtained in a questionnaire survey of the participants. We

excluded 3,921 and 1,889 records because of miscarriages/still births and multiple births,

respectively (Fig 1), 24,424 records because of incomplete answers on the questionnaire, and

315 records for infants whose sleep duration was recorded as 0. The study protocol was

approved by the Institutional Review Board on Epidemiological Studies of the Japanese Minis-

try of the Environment, and the ethics committees of all participating institutions: the National
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Institute for Environmental Studies, National Center for Child Health and Development, Hok-

kaido University, Sapporo Medical University, Asahikawa Medical College, Japanese Red

Cross Hokkaido College of Nursing, Tohoku University, Fukushima Medical University,

Chiba University, Yokohama City University, University of Yamanashi, Shinshu University,

University of Toyama, Nagoya City University, Kyoto University, Doshisha University, Osaka

University, Osaka Medical Center and Research Institute for Maternal and Child Health,

Hyogo College of Medicine, Tottori University, Kochi University, University of Occupational

and Environmental Health, Kyushu University, Kumamoto University, University of Miya-

zaki, and University of the Ryukyus. All participants provided written informed consent. The

JECS is conducted in accordance with the Helsinki Declaration and all other national

regulations.

Data assessment

Dietary intake of fermented foods (miso soup, yogurt, cheese, and natto [Japanese fermented

soybeans]) was determined using the Food Frequency Questionnaire, which is a self-adminis-

tered, semi-quantitative instrument that has been validated for use in large-scale Japanese epi-

demiologic studies [17]. Participants were asked how often and how much they consumed

each food type during the second and third trimesters (covering dietary intake after learning

of the pregnancy). For miso soup, 6 frequency categories were used to record general con-

sumption (almost none to every day), 9 frequency categories were used to record the frequency

of daily consumption (< 1 time to� 10 times), and 5 frequency categories were used for

reporting the taste of miso (very bland to very strong). Daily intake of miso soup (g/day) was

then calculated by multiplying the frequency of general consumption by the frequency of daily

consumption and by the taste. For the other three fermented foods, yogurt, cheese, and natto,

the standard portion size for each food type was categorized as small (50% smaller than stan-

dard), medium (same as standard), or large (50% larger than standard). Nine frequency cate-

gories for each item were used to record intake (< 1 time/month to� 7 times/day). The daily

intake of each of the three fermented foods was calculated by multiplying the frequency of con-

sumption by the standard portion size and each was allocated into quartiles by their amount

(g/day).

To measure infant sleep duration at 1 year after delivery, parents were asked on the ques-

tionnaire to indicate when their infant slept on the previous day. Parents marked the times

when their infant was asleep by drawing lines through boxes indicating 30 min intervals from

12:00 am to 12:00 am the next day.

Covariates were adjusted for energy intake, maternal age, previous deliveries, body mass

index at 1 month after delivery, maternal highest educational level, annual household income,

marital status at 6 months after delivery, alcohol intake at 1 month after delivery, smoking sta-

tus at 1 month after delivery, employment status at 1 year after delivery, infant sex, infant

attendance at nursery, where the infant slept at night, birth weight, gestational period, presence

of any disease, date (month) of birth, yogurt intake at 1 year old, and cheese intake at 1 year

old.

Statistical analysis

Unless otherwise stated, data are expressed as the mean ± standard deviation or median. Par-

ticipants were categorized according to quartile for fermented food intake in order to estimate

Fig 1. Flow diagram of the recruitment and exclusion process for participants.

https://doi.org/10.1371/journal.pone.0222792.g001
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the risk of infant sleep duration shorter than 11 h. Sleep duration of 11–14 h of sleep in a 24-h

period is recommended for 1-year-old infants by the United States National Sleep Foundation

[18]. We therefore chose 11 h as the lower limit of appropriate sleep duration.

Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated using logistic regres-

sion analysis, with the lowest quartile used as a reference. Adjusted ORs were calculated using

the covariates mentioned in the previous section whereas crude ORs were calculated without

use of these covariates. In tests for trend, categorical numbers were assigned to the quartile dis-

tributions for intake of each fermented food and were evaluated as continuous variables. Statis-

tical significance was set at a 2-sided p value of< 0.05. Analyses were performed with SAS

version 9.4 (SAS Institute Inc., Cary, NC).

Results

Table 1 shows maternal characteristics according to quartile for miso intake during pregnancy.

Those with higher miso intake were more likely to have high energy intake, to be multiparous,

and to be a non-smoker.

Unlike miso, three of the fermented foods—yogurt, cheese, and natto—showed similar

characteristics according to quartile. Characteristics for yogurt are shown in Table 2; due to

their similarity with yogurt, characteristics for cheese and natto are shown in S1 and S2 Tables,

respectively. Pregnant women with higher intake of yogurt, cheese, and natto were more likely

to be older, to have high energy intake, to have a higher education level, to have higher house-

hold income, to be employed, to be a non-smoker, and to be multiparous and they were less

likely to send their infant to nursery.

As for a possible selection bias, of the 104,065 records at baseline, 31,441 records were

excluded for the 1-year analysis based on the exclusion criteria described above. Compared

with excluded subjects, included subjects were more likely to eat yogurt and cheese, to be a

nonsmoker, to have a higher education level, to have higher income, and to have babies with a

heavier birth weight. There were no meaningful differences among the other covariates.

The ORs for infants not achieving the 11-h sleep duration target were evaluated based on

the intake of probiotics by pregnant women in the second and third trimesters. The four probi-

otic food items evaluated were miso, yogurt, cheese, and natto. In the miso evaluation, ORs for

inadequate sleep duration were significantly lower in infants with mothers in the upper (3rd

and 4th) intake quartiles, and these associations were significant according to a trend test

(Table 3).

Discussion

In this study, we exploited an opportunity afforded by the JECS study to investigate sleep dura-

tion in 1-year-old infants, using questionnaire responses from 72,624 mothers for whom suffi-

cient data were available. Our investigations showed that the risk of inadequate sleep duration

(< 11 h) was significantly lower in the infants of mothers with high miso intake during the

pregnancy.

The hypothesis for this study was that maternal intake of fermented food during pregnancy

affects sleep duration in infants. We generated our hypothesis after reviewing a number of

reports. Recent animal studies have shown that circadian rhythm is regulated by the liver and

gut as well as the suprachiasmatic nucleus [19–21]. It has been reported that the intestinal

microbiota has circadian rhythm [22, 23]. Intestinal microbiota is reported to be needed for

the proper regulation of circadian rhythm, according to a comparison of the expression of the

hepatic and mediobasal hypothalamic clock genes (Bmal1 and clock) in intestinal-microbe–

free mice and conventional mice; circadian rhythm was recognized in conventional mice but

Fermented food intake and infant sleep
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Table 1. Characteristics according to quartile for miso intake during pregnancy in women (N = 72,624).

Quartile for miso intake

Total 1 (low) 2 3 4(high)

Median intake of energy a 1,623 1,506 1,586 1,648 1,747

Age at delivery, years 31.5 31.3 31.3 31.8 31.6

Previous deliveries, n (%)

Nullipara 29,896 (41.2) 8,677 (46.7) 6,493 (42.0) 7,980 (39.3) 6,746 (37.0)

Multipara 42,728 (58.8) 9,924 (53.4) 8,970 (58.0) 12,346 (60.7) 11,488 (63.0)

BMI (kg/m2), n (%)

<18.5 3,593 (4.9) 940 (5.1) 761 (4.9) 1,045 (5.1) 847 (4.7)

18.5-<25 57,813 (79.6) 14,547 (78.2) 12,288 (79.5) 16,476 (81.1) 14,502 (79.5)

�25 11,218 (15.4) 3,114 (16.7) 2,414 (15.6) 2,805 (13.8) 2,885 (15.8)

Highest educational level, n (%)

Junior high school or high

school

24,079 (33.2) 6,472 (34.8) 5,024 (32.5) 6,288 (30.9) 6,295 (34.5)

Technical junior college, technical/vocational college or associate degree 31,375 (43.2) 7,894 (42.4) 6,718 (43.5) 8,897 (43.8) 7,866 (43.1)

Bachelor’s degree or higher 17,170 (23.6) 4,235 (22.8) 3,721 (24.1) 5,141 (25.3) 4,073 (22.3)

Annual household income (JPY), n (%)

<4 million 28,059 (38.6) 7,579 (40.8) 6,090 (39.4) 7,436 (36.6) 6,954 (38.1)

4–6 million 24,453 (33.7) 6,051 (32.5) 5,189 (33.6) 6,987 (34.4) 6,226 (34.2)

>6 million 20,112 (27.7) 4,971 (26.7) 4,184 (27.1) 5,903 (29.0) 5,054 (27.7)

Marital status, n (%)

Married (including

common law marriage)

71,598 (98.6) 18,238 (98.1) 15,239 (98.6) 20,106 (98.9) 18,015 (98.8)

Divorced or Widowed 490 (0.7) 167 (0.9) 102 (0.7) 108 (0.5) 113 (0.6)

Other 536 (0.7) 196 (1.1) 122 (0.8) 112 (0.6) 106 (0.6)

Alcohol intake, n (%)

Never 66,560 (91.7) 16,937 (91.1) 14,146 (91.5) 18,696 (92.0) 16,781 (92.0)

Ex-drinker 3,201 (4.4) 835 (4.5) 696 (4.5) 890 (4.4) 780 (4.3)

1–3 times/month 1,971 (2.7) 554 (3.0) 444 (2.9) 526 (2.6) 447 (2.5)

� 1 time/week 892 (1.2) 275 (1.5) 177 (1.1) 214 (1.1) 226 (1.2)

Smoking status, n (%)

Never 43,820 (60.3) 10,985 (59.1) 9,409 (60.9) 12,429 (61.2) 10,997 (60.3)

Did previously but quit before learning of pregnancy 16,861 (23.2) 4,245 (22.8) 3,569 (23.1) 4,786 (23.6) 4,261 (23.4)

Did previously but quit after learning of pregnancy 9,426 (13.0) 2,589 (13.9) 1,949 (12.6) 2,496 (12.3) 2,392 (13.1)

Currently smoking 2,517 (3.5) 782 (4.2) 536 (3.5) 615 (3.0) 584 (3.2)

Employed, n (%)

No 37,404 (51.5) 9,496 (51.1) 8,175 (52.9) 10,637 (52.3) 9,096 (49.9)

Yes 35,220 (48.5) 9,105 (49.0) 7,288 (47.1) 9,689 (47.7) 9,138 (50.1)

Infant sex, n (%)

Boy 37,109 (51.1) 9,485 (51.0) 7,963 (51.5) 10,422 (51.3) 9,239 (50.7)

Girl 35,515 (48.9) 9,116 (49.0) 7,500 (48.5) 9,904 (48.7) 8,995 (49.3)

Nursery attendance, n (%)

No 52,804 (72.7) 13,399 (72.0) 11,373 (73.6) 14,850 (73.1) 13,182 (72.3)

Yes 19,820 (27.3) 5,202 (28.0) 4,090 (26.5) 5,476 (26.9) 5,052 (27.7)

Location where infant sleeps at night, n (%)

In parent’s bed 55,757 (76.8) 14,122 (75.9) 11,832 (76.5) 15,610 (76.8) 14,193 (77.8)

In baby bed in parents’

bedroom

16,395 (22.6) 4,321 (23.2) 3,534 (22.9) 4,607 (22.7) 3,933 (21.6)

In baby bed in another room 389 (0.5) 137 (0.7) 83 (0.5) 87 (0.4) 82 (0.5)

(Continued)
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disrupted in the gut-microbe–free mice [24]. According to another report [25], patterns

resembling a sleep-wake rhythm are observable through ultrasonographic monitoring of

infant eyeball movement during the gestation period. This fetal sleep-wake cycle is surmised to

be heavily influenced by maternal lifestyle factors such as diet and sleeping. Furthermore,

maternal melatonin is known to have an effect on the fetus via placental transmission [26, 27].

Accordingly, maternal lifestyle is suggested to affect the healthy establishment of a circadian

rhythm during fetal development.

Based on the above reports, we have developed the following, albeit hypothetical, line of rea-

soning. High fermented food intake during pregnancy has an effect on the intestinal micro-

biota of the expectant mother, and fetal circadian rhythm is also affected. Furthermore,

intestinal microbiota migrates to the baby at the time of birth and produces changes in the

baby’s intestinal microbiome [10]. We consider that this chain of causation leads to variation

in sleep duration for the neonate or infant. In fact, although the pronounced rhythms in the

sleep-wake cycle and in hormone secretion generally developed after 2 months of age [28], cir-

cadian rhythms have been observed for a number of different hormones and circulating fac-

tors as children age [29]. Accordingly, this association in older children must be studied. In

this study, we did not directly investigate changes in the intestinal microbiota, and our study

thus amounts to no more than supporting evidence at this time; nevertheless, our results pro-

vide indirect support for one part of the chain of causation referred to above.

This study had two main strengths: first, it was a large-scale study and, second, it used a val-

idated questionnaire [17]. However, this study also has some limitations. We did not directly

investigate changes in intestinal microbiota and this represents a weakness and limitation of

the study, as stated above. Our reliance on maternal reporting of infant sleep duration is

another limitation of this study. We observed that well-educated, employed, and higher-

income women tended to have higher intake of fermented foods. To explain this, we surmise

that these women are sufficiently knowledgeable about factors contributing to health and they

therefore tend to select nutrient-rich options such as fermented foods more frequently than

nutrient-deficient options like so-called junk food, and this health consciousness might affect

the sleep duration of their infants. As such, our assumption that the results of our study

reflected changes in intestinal microbiota remains a theory. Additional studies with different

designs are needed to test this hypothesis, and they should examine indicators of changes in

maternal intestinal flora and the condition of infant intestinal flora.

Conclusion

In this study, we found that consumption of fermented food by expectant mothers was posi-

tively associated with infant sleep duration at 1 year of age, and we inferred that this associa-

tion might be the result of changes in the gut microbiota of expectant mothers affected via

Table 1. (Continued)

Quartile for miso intake

Total 1 (low) 2 3 4(high)

Other 83 (0.1) 21 (0.1) 14 (0.1) 22 (0.1) 26 (0.1)

Birth weight, g 3,030 3,028 3,026 3,029 3,039

Gestational weeks 39.3 39.3 39.3 39.3 39.2

Disease, n (%) 13,775 (19.0) 3,668 (19.7) 3,051 (19.7) 3,698 (18.2) 3,358 (18.4)

a Dietary intake between learning of pregnancy and second/third trimester.

BMI, body mass index

https://doi.org/10.1371/journal.pone.0222792.t001
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Table 2. Characteristics according to quartile for yogurt intake during pregnancy in women (N = 72,624).

Quartile for yogurt intake

Total 1 (low) 2 3 4(high)

Median intake of energy a 1,623 1,451 1,589 1,655 1,797

Age at delivery, years 31.5 30.8 31.4 31.7 32.1

Previous deliveries, n (%)

Nullipara 29,896 (41.2) 7,221 (36.8) 5,883 (35.8) 6,771 (42.4) 10,021 (48.7)

Multipara 42,728 (58.8) 12,413 (63.2) 10,570 (64.2) 9,206 (57.6) 10,539 (51.3)

BMI (kg/m2), n (%)

<18.5 3,593 (4.9) 899 (4.6) 765 (4.7) 797 (5.0) 1,132 (5.5)

18.5-<25 57,813 (79.6) 15,145 (77.1) 13,078 (79.5) 12,845 (80.4) 16,745 (81.4)

�25 11,218 (15.4) 3,590 (18.3) 2,610 (15.9) 2,335 (14.6) 2,683 (13.1)

Highest educational level, n (%)

Junior high school or high school 24,079 (33.2) 8,490 (43.2) 5,646 (34.3) 4,693 (29.4) 5,250 (25.5)

Technical junior college, technical/vocational college or associate degree 31,375 (43.2) 7,699 (39.2) 7,136 (43.4) 7,175 (44.9) 9,365 (45.6)

Bachelor’s degree or higher 17,170 (23.6) 3,445 (17.6) 3,671 (22.3) 4,109 (25.7) 5,945 (28.9)

Annual household income (JPY), n (%)

<4 million 28,059 (38.6) 9,177 (46.7) 6,504 (39.5) 5,789 (36.2) 6,589 (32.1)

4–6 million 24,453 (33.7) 6,240 (31.8) 5,607 (34.1) 5,444 (34.1) 7,162 (34.8)

>6 million 20,112 (27.7) 4,217 (21.5) 4,342 (26.4) 4,744 (29.7) 6,809 (33.1)

Marital status, n (%)

Married (including common law marriage) 71,598 (98.6) 19,254 (98.1) 16,226 (98.6) 15,779 (98.8) 20,339 (98.9)

Divorced or Widowed 490 (0.7) 192 (1.0) 99 (0.6) 94 (0.6) 105 (0.5)

Other 536 (0.7) 188 (1.0) 128 (0.8) 104 (0.7) 116 (0.6)

Alcohol intake, n (%)

Never 66,560 (91.7) 17,657 (89.9) 15,035 (91.4) 14,719 (92.1) 19,149 (93.1)

Ex-drinker 3,201 (4.4) 982 (5.0) 740 (4.5) 683 (4.3) 796 (3.9)

1–3 times/month 1,971 (2.7) 634 (3.2) 479 (2.9) 416 (2.6) 442 (2.2)

� 1 time/week 892 (1.2) 361 (1.8) 199 (1.2) 159 (1.0) 173 (0.8)

Smoking status, n (%)

Never 43,820 (60.3) 10,313 (52.5) 9,854 (59.9) 10,021 (62.7) 13,632 (66.3)

Did previously but quit before learning of pregnancy 16,861 (23.2) 4,689 (23.9) 3,835 (23.3) 3,701 (23.2) 4,636 (22.6)

Did previously but quit after learning of pregnancy 9,426 (13.0) 3,469 (17.7) 2,177 (13.2) 1,849 (11.6) 1,931 (9.4)

Currently smoking 2,517 (3.5) 1,163 (5.9) 587 (3.6) 406 (2.5) 361 (1.8)

Employed, n (%)

No 37,404 (51.5) 10,117 (51.5) 8,429 (51.2) 8,128 (50.9) 10,730 (52.2)

Yes 35,220 (48.5) 9,517 (48.5) 8,024 (48.8) 7,849 (49.1) 9,830 (47.8)

Infant sex, n (%)

Boy 37,109 (51.1) 9,965 (50.8) 8,386 (51.0) 8,253 (51.7) 10,505 (51.1)

Girl 35,515 (48.9) 9,669 (49.3) 8,067 (49.0) 7,724 (48.3) 10,055 (48.9)

Nursery attendance, n (%)

No 52,804 (72.7) 13,798 (70.3) 11,895 (72.3) 11,669 (73.0) 15,442 (75.1)

Yes 19,820 (27.3) 5,836 (29.7) 4,558 (27.7) 4,308 (27.0) 5,118 (24.9)

Location where infant sleeps at night, n (%)

In parent’s bed 55,757 (76.8) 15,440 (78.6) 12,913 (78.5) 12,292 (76.9) 15,112 (73.5)

In baby bed in parents’ bedroom 16,395 (22.6) 4,069 (20.7) 3,446 (20.9) 3,579 (22.4) 5,301 (25.8)

In baby bed in another room 389 (0.5) 100 (0.5) 78 (0.5) 85 (0.5) 126 (0.6)

Other 83 (0.1) 25 (0.1) 16 (0.1) 21 (0.1) 21 (0.1)

Birth weight, g 3,030 3,024 3,036 3,033 3,030

Gestational weeks 39.3 39.3 39.3 39.3 39.3

(Continued)
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their consumption of fermented food. To confirm our hypothesis, further research about the

microbiota of women during pregnancy and that of their infants will be required.

Supporting information

S1 Table. Characteristics according to quartile for cheese intake during pregnancy in

women (N = 72,624). a Dietary intake between learning of pregnancy and second/third tri-

mester. BMI, body mass index.

(DOCX)

Table 2. (Continued)

Quartile for yogurt intake

Total 1 (low) 2 3 4(high)

Disease, n (%) 13,775 (19.0) 3,712 (18.9) 3,112 (18.9) 3,062 (19.2) 3,889 (18.9)

a Dietary intake between learning of pregnancy and second/third trimester.

BMI, body mass index

https://doi.org/10.1371/journal.pone.0222792.t002

Table 3. Odds ratios (95% confidence intervals) for 1-year-old infants for risk of sleeping less than 11 hours according to quartile for maternal intake of fermented

food during pregnancy (N = 72,624).

Quartiles for fermented food intake P-value

1 (low) 2 3 4(high) for trend

Median intake of miso, g/day a 10.0 32.1 88.4 225.0

Total 18,601 15,463 20,326 18,234

Cases 1,874 1,413 1,787 1,703

Crude odds ratio 1.00 0.90 (0.83–0.97) 0.86 (0.80–0.92) 0.92 (0.86–0.99) 0.005

Adjusted odds ratio b 1.00 0.92 (0.85–0.98) 0.87 (0.82–0.94) 0.92 (0.86–0.99) 0.009

Median intake of yogurt, g/day a 8.0 25.7 60.0 120.0

Total 19,634 16,453 15,977 20,560

Cases 1,902 1,498 1,420 1,957

Crude odds ratio 1.00 0.93 (0.87–1.00) 0.91 (0.85–0.98) 0.98 (0.92–1.05) 0.5

Adjusted odds ratio b 1.00 0.96 (0.89–1.03) 0.93 (0.86–1.00) 0.99 (0.92–1.07) 0.8

Median intake of cheese, g/day a 0.0 1.3 4.3 10.0

Total 17,636 18,552 18,984 17,452

Cases 1,748 1,709 1,679 1,641

Crude odds ratio 1.00 0.92 (0.86–0.99) 0.88 (0.82–0.95) 0.94 (0.88–1.01) 0.049

Adjusted odds ratio b 1.00 0.94 (0.88–1.01) 0.92 (0.85–0.99) 0.97 (0.90–1.05) 0.4

Median intake of natto, g/day a 0.0 3.3 10.7 25.0

Total 12,997 17,302 25,058 17,267

Cases 1,273 1,630 2,257 1,617

Crude odds ratio 1.00 0.96 (0.89–1.03) 0.91 (0.85–0.98) 0.95 (0.88–1.03) 0.11

Adjusted odds ratio b 1.00 0.98 (0.90–1.06) 0.94 (0.88–1.02) 0.98 (0.90–1.06) 0.4

a Dietary intake between learning of pregnancy and second/third trimester.
b Covariates were adjusted for energy intake, maternal age, previous deliveries, BMI at 1 month after delivery, maternal highest educational level, annual household

income, marital status at 6 months after delivery, alcohol intake at 1 month after delivery, smoking status at 1 month after delivery, employment status at 1 year after

delivery, infant sex, infant attending nursery, location where infant slept at night, birth weight, gestational weeks, presence of any disease, date of birth, yogurt intake at

1 year old, and cheese intake at 1 year old.

https://doi.org/10.1371/journal.pone.0222792.t003
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S2 Table. Characteristics according to quartile for natto intake during pregnancy in
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