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Abstract 

Background:  Using cohort data from the Japan Environment and Children’s Study (JECS), we previously reported 
that the risk of sleep deprivation in 1-year-old children was reduced with a higher maternal intake of fermented foods, 
particularly miso. The present study, which evaluates children from the same cohort at 3 years of age, is a continuation 
of that work.

Methods:  After applying exclusion criteria to 104,062 records in the JECS dataset, we evaluated 64,200 mother-child 
pairs in which the child was 3 years old. We examined the association of the dietary intake of fermented foods during 
pregnancy with child sleep duration < 10 h at the age of 3 years.

Results:  Multivariable logistic regression analysis with the lowest quartile used as a reference revealed adjusted odds 
ratios (95% confidence intervals) for the second through fourth quartiles of 0.98 (0.90–1.06), 0.93 (0.85–1.01), and 0.85 
(0.78–0.94) for cheese intake.

Conclusions:  The consumption of fermented foods during pregnancy is associated with reduced risk of sleep depri-
vation in 3-year-old children, albeit in a limited way.
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Background
Children need a sufficient amount of good-quality sleep 
for healthy development. From the neonatal period to 
infancy and then early childhood, sleep patterns change 
with the child’s development. Short sleep duration has 
been reported to negatively affect physical and neuro-
logical development, including obesity in infancy and 
childhood [1, 2] and hyperactivity at 6 years of age [3]. 

Therefore, it is important to investigate the risk factors 
for sleep deprivation in children.

One of the factors that affect children is the diet of their 
mothers during pregnancy, which is recognized as a life-
style factor. For example, probiotic-containing and fer-
mented foods are thought to influence the gut microbiota 
[4] and have received considerable interest because they 
are associated with maternal health [5, 6] or, conversely, 
the development of diseases [7, 8], depending on the 
amount consumed. It has also been reported that chil-
dren born by cesarean section are at higher risk of men-
tal and developmental disorders, and one possible reason 
for this is that they are not exposed to their mother’s 
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gut bacteria at birth. With respect to the reported asso-
ciation between the microbiota at 1 year of age and neu-
rocognitive development at 1 and 2 years of age [9, 10], 
maternal intake of fermented foods has been suggested to 
influence the normal development of children, especially 
sleep duration. In particular, the intestinal microbiota of 
children changes significantly from the neonatal period 
through infancy and weaning and stabilizes at around 3 
years of year, reaching a composition similar to that of 
adults [11, 12]. In other words, vertical transmission of 
intestinal bacteria of maternal origin and maternal diet 
are predicted to affect the intestinal microbiota of chil-
dren, but the association between maternal intake of fer-
mented foods and children’s sleep duration has not been 
examined on a large scale in epidemiological studies.

Against this background, we previously examined the 
association of maternal food intake preferences during 
pregnancy with infant sleep duration [13]. Specifically, 
using data from approximately 70,000 mother–infant 
pairs from a large cohort study, the Japan Environment 
and Children’s Study (JECS), we investigated the asso-
ciation between fermented food intake during preg-
nancy and infant sleep during the first postpartum year. 
We found that the higher the intake of fermented foods, 
especially miso soup, the more likely it is for the infant to 
sleep for at least 11 h. However, because the child’s brain 
grows exponentially until 2 years of age [14], it is impor-
tant to clarify whether this association with fermented 
food persists beyond that point.

Therefore, to expand on our recent findings [13], we 
investigated whether maternal fermented food intake 
during pregnancy was associated with the sleep depriva-
tion of children in the same cohort at 3 years of age.

Methods
Study population
The JECS protocol has been described elsewhere [15, 16]. 
In short, the JECS is a nationwide government-funded 
birth cohort study that aims to determine the associa-
tions of various environmental factors with child health 
and development. JECS participants are women residing 
in 15 regions of Japan who were enrolled during the first 
trimester of pregnancy between January 2011 and March 
2014 [15, 16]. Follow-ups were conducted during the 
second or third trimester, at childbirth, and at 1 month 
postpartum during scheduled in-hospital checkups. Sub-
sequent follow-ups were conducted at 12 and 36 months 
postpartum by mail.

The present study analyzed the jecs-ta-20190930 data-
set released in October 2019, which comprises 104,062 
records obtained from a questionnaire-based survey of 
the participants. We excluded 3,758 cases that resulted 
in miscarriage or stillbirth and 1,891 cases of multiple 

births to focus on typical pregnancies (Fig. 1). Addition-
ally, we also excluded 33,790 records because of incom-
plete responses to the questionnaire and 423 records for 
children whose sleep duration was recorded as 0, leaving 
64,200 questionnaires with all data available for the final 
analysis.

Ethics approval and consent to participate
The study protocol was approved by the Institutional 
Review Board on Epidemiological Studies of the Japanese 
Ministry of the Environment (authorization number: 
100910001) and the ethics committees of all participating 
institutions. The JECS is conducted in accordance with 
the Declaration of Helsinki and all other national regula-
tions, and written informed consent was obtained from 
parents/guardians of the participants whose age was 
below 16.

Data assessment
Exposure
Dietary intake of fermented foods during pregnancy 
(from the discovery of pregnancy to the second or third 
trimester) was assessed using a food frequency question-
naire (FFQ) [17]. Fermented foods were foods such as 
cheese and yogurt, the preparation of which involves fer-
mentation of food ingredients by microorganisms. This 
FFQ is a semi-quantitative instrument that assesses the 
average consumption of 171 food and beverage items. 
The FFQ includes four fermented foods: miso soup (made 
with miso, a Japanese traditional fermented seasoning), 
yogurt, cheese, and natto (Japanese fermented soybeans). 
The FFQ has not been validated specifically for pregnant 
women but has been validated in a large epidemiological 
study of adults in the general population and has already 
been used in a number of the JECS studies [18–20]. In 
this FFQ, participants were asked how often they con-
sumed each food type and how much of it they con-
sumed from learning of the pregnancy to the present. For 
miso soup, six frequency categories were used to record 
overall consumption frequency (from almost never to 
every day), nine frequency categories were used to record 
the daily consumption frequency (from < 1 time to ≥ 10 
times), and five categories were used to report the taste 
of the miso soup (from very bland to very strong), which 
was taken to indicate the amount of miso in the soup. 
The daily intake (g/day) of miso was then calculated by 
multiplying the overall consumption frequency by the 
daily consumption frequency by a factor based on the 
reported 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 standard), medium (same as standard), or large 
(50% larger than standard). Nine frequency categories for 
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each item were used to record consumption frequency (< 
1 time/month to ≥ 7 times/day).

The daily intake of each of these three fermented foods 
was calculated by multiplying the consumption fre-
quency by the standard portion size. Then, participants 
were categorized by quartile of intake amount (g/day) for 
each of the four fermented foods.

Outcome
To measure child sleep duration at 3 years after child-
birth, parents were instructed to indicate when their 
child slept on the previous day. Parents marked the times 
when their child was asleep by drawing lines through 
boxes, indicating 30-min intervals, for the 24-h period 
beginning from 12:00 am at the start of the previous day.

Sleep duration of 10–13 h in a 24-h period is recom-
mended for 3-year-old children by the United States 
National Sleep Foundation [21]. Therefore, we selected 
10 h as the lower limit of the appropriate sleep duration 
and defined children sleeping less than this amount as 
having sleep deprivation.

Covariates
The covariates adjusted for were energy intake during 
pregnancy as assessed using the FFQ [17], maternal age 
during pregnancy, previous childbirth, body mass index 

(BMI) at 1 month after childbirth, maternal education 
level, annual household income during pregnancy, mari-
tal status at 6 months after childbirth, alcohol intake at 1 
month after childbirth, smoking status at 1 month after 
childbirth, employment status at 1 year after childbirth, 
sex of the child, child attendance at nursery at 1 year after 
childbirth, the location where the child slept at night at 
1 year after childbirth, birth weight, gestational age, con-
sumption of dairy products at 3 years after childbirth, 
presence of any disease up to 3 years after childbirth, and 
date (month) of birth. These variables were categorized 
as in our previous study [13].

Statistical analyses
Unless otherwise stated, data are expressed as the mean 
± standard deviation or median. Odds ratios (ORs) and 
95% confidence intervals (95% CIs) for the risk of sleep 
deprivation according to each fermented food intake were 
calculated using logistic regression analysis, with each 
lowest quartile used as a reference. Adjusted ORs were 
calculated using all of the covariates described in the pre-
vious section, whereas crude ORs were calculated without 
adjustment for any covariates. In trend tests, categorical 
numbers were assigned to the quartile distributions for 
each fermented food intake and were treated as continu-
ous variables. A two-sided p-value of < 0.05 was regarded 

Fig. 1  Flow diagram of the recruitment and exclusion process for participants
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as statistically significant. Analyses were performed using 
SAS version 9.4 (SAS Institute Inc., Cary, NC).

Additional analysis
To determine the association between overall fer-
mented food intake during pregnancy and the sleep of 
their children at 3 years of age, we calculated the total 
score for quartiles of each of miso, yogurt, cheese, 
and natto during pregnancy, where the first quartile 
counted as 1 point, the second quartile as 2 points, 
and so forth. Thus, the score for the overall intake of 
fermented foods ranged from 4 to 16 points. The total 
score was also further categorized into quartiles. Anal-
ysis was likewise calculated using logistic regression 
analysis to obtain ORs and 95% CIs, setting the lowest 
quartile as the reference group.

Results
Table  1 shows maternal characteristics according to the 
quartile of cheese intake during pregnancy. Participants 
with higher cheese intake were more likely to have high 
energy intake, to be older, to be multiparous, to have a 
normal weight (BMI: 18.5–<25), to have a higher edu-
cation level, to have a higher household income, to be a 
nonsmoker, to be unemployed, and to send their child to 
a nursery. Table 2 shows maternal characteristics accord-
ing to the quartile of miso intake during pregnancy. Par-
ticipants with higher miso intake were more likely to 
be multiparous and nonsmokers, and less likely to send 
their child to a nursery. Tables S1 and S2 show maternal 
characteristics according to quartiles of yogurt and natto 
intake during pregnancy, which were similar to those for 
cheese intake.

Compared with the excluded participants (n = 30,613), 
the included mothers (n = 64,200) were more likely to eat 
yogurt, cheese, and natto; to be older; to be married; to 
be a nonsmoker; to have a higher education level; to have 
a higher income; to be within the normal range of BMI; 
to be primiparas; and to have female infants with a heav-
ier birth weight and longer gestational age.

ORs for children not meeting the 10-h sleep duration 
target were evaluated based on intake of miso, yogurt, 
cheese, and natto. In the cheese evaluation, ORs for inad-
equate sleep duration were significantly lower for chil-
dren with mothers in the highest quartile of intake, and 
these associations were significant according to a trend 
test (Table 3).

In additional analyses, ORs were calculated for overall 
fermented food intake and children’s sleep duration. The 
results showed that the OR for inadequate sleep duration 
was significantly lower for children whose mothers were 

in the highest quartile (adjusted OR 0.90, 95% CI 0.82–
0.99), but not in the second (adjusted OR 0.99, 95% CI 
0.91–1.08) or third (adjusted OR 0.94, 95% CI 0.87–1.03) 
quartile.

Discussion
This study used data from 64,200 mother-child pairs 
from the JECS to determine the association of the dietary 
intake of fermented foods during pregnancy with less 
than 10 h of sleep among 3-year-old children. The results 
showed that cheese intake during pregnancy was associ-
ated with a significantly lower risk of sleep deprivation (< 
10 h) among children of mothers in the fourth quartile 
compared with children of mothers in the first quartile. 
Miso intake was found to be associated with sleep dura-
tion in 1-year-old children [13] but not in 3-year-old chil-
dren. These findings suggest that the effect of mothers’ 
consumption of fermented foods during pregnancy on 
their children’s sleep can continue to at least at 3 years 
of age.

The current results on the association between the 
maternal consumption of fermented foods during preg-
nancy and sleep duration in 3-year-old children are con-
sistent with those from previous study [13]. It has already 
been reported that fermented foods positively affect the 
intestinal bacterial activity and growth [22].

In a randomized controlled trial with human partici-
pants, a group that consumed fermented foods such as 
yogurt and kimchi for 10 weeks had a greater variety of 
intestinal bacteria 4 weeks after the end of the study [23]. 
Animal experiments have shown that the gut microbiota, 
in addition to changing sleep-wake patterns and sleep 
quality, significantly alters gut metabolism, that the gut 
microbiota has a circadian rhythm, and that the intestinal 
bacteria exhibit circadian rhythms in composition and 
activity [24, 25]. It was also shown that mice without gut 
microbes have disrupted circadian rhythms compared 
with those with gut microbes [26]. In addition, mater-
nal melatonin affects the fetus through the placenta [27, 
28], and the gut microbiota is transferred to the infant at 
birth, causing changes in the infant’s gut microbiota [8]. 
The intestinal microbiota also reflects significant meta-
bolic changes in the intestinal tract as well as changes 
in sleep-wake patterns and sleep quality [29]. Intestinal 
bacteria and hormones are thus expected to be closely 
related to sleep. Accordingly, fermented foods, intestinal 
flora, and hormones are closely related to sleep and the 
mother’s gut microbiota may have long-term effects on 
the child after birth.

The main strength of our study was the large sample 
size of over 60,000 mother–child pairs and the fact that 
the sample can be considered representative of mothers 
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and toddlers in Japan, given that the JECS covers a wide 
geographic range across 15 regions. However, this study 
also has some limitations. Similar to the previous study 
[13], we did not directly investigate changes in intestinal 
microbiota. Another limitation is the reliance on mater-
nal reports of child sleep duration. We observed that 
pregnant women who were well-educated and employed, 
and had higher income tended to have higher fermented 
food intake. To explain this, we speculated that these 
women likely recognized factors contributing to health 
and therefore tended to choose nutrient-rich options, 
such as fermented foods, more frequently than nutri-
tionally unbalanced and/or nutrient-deficient options, 
such as junk food. The women’s health consciousness 
might affect the sleep duration of their children. In fact, 
the study found that cheese intake was associated with 
“health consciousness” factors such as BMI, education 
level, household income, and smoking status. Although 
we adjusted for these factors, “health consciousness” 
remained as a hidden factor independent of these other 
factors.

Conclusions
In this study, 64,200 pairs of mothers and their children 
were surveyed to determine the association between the 
mothers’ intake of fermented foods during pregnancy 
and their children’s sleep duration at 3 years of age. The 
results showed that mothers who consumed more cheese 
during pregnancy had a reduced risk of their children 
sleeping less than 10 h per night.
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naire; JECS: Japan Environment and Children’s Study; JPY: Japanese Yen; OR: 
odds ratio.
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Table 3  Odds ratios (95% confidence intervals) for risk of 3-year-old children sleeping less than 10 h per night according to quartile of 
maternal fermented food intake during pregnancy (n = 64,200)

Adjusted for energy intake, maternal age during pregnancy, previous childbirth, body mass index (BMI) at 1 month after childbirth, maternal education level, annual 
household income, marital status at 6 months after childbirth, alcohol intake at 1 month after childbirth, smoking status at 1 month after childbirth, employment 
status at 1 year after childbirth, sex of the child, attendance at nursery (at 1 year of age), the location where the child slept at night (at 1 year of age), birth weight, 
gestational age, eating dairy products at 3 years of age, presence of any disease (up to 3 years of age), and date (month) of birth

Quartile of fermented food intake p-value

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

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

  Total, n 16,401 13,720 17,988 16,091

  Cases, n 1,238 943 1,279 1,219

  Crude odds ratio 1.00 (Ref.) 0.90 (0.83–0.99) 0.94 (0.86–1.02) 1.00 (0.93–1.09) 0.809

  Adjusted odds ratio 1.00 (Ref.) 0.91 (0.84–1.00) 0.95 (0.87–1.03) 1.00 (0.92–1.09) 0.863

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

  Total, n 16,933 14,471 14,210 18,586

  Cases, n 1,236 1,064 1,042 1,337

  Crude odds ratio 1.00 (Ref.) 1.01 (0.93–1.10) 1.01 (0.92–1.10) 0.98 (0.91–1.07) 0.689

  Adjusted odds ratio 1.00 (Ref.) 1.04 (0.95–1.13) 1.04 (0.95–1.14) 1.02 (0.94–1.11) 0.674

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

  Total, n 15,404 16,357 16,912 15,527

  Cases, n 1,190 1,231 1,212 1,046

  Crude odds ratio 1.00 (Ref.) 0.97 (0.90–1.06) 0.92 (0.85–1.00) 0.86 (0.79–0.94) <0.001

  Adjusted odds ratio 1.00 (Ref.) 0.98 (0.90–1.06) 0.93 (0.85–1.01) 0.85 (0.78–0.94) <0.001

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

  Total, n 11,477 15,293 22,114 15,316

  Cases, n 869 1,151 1,557 1,102

  Crude odds ratio 1.00 (Ref.) 0.99 (0.91–1.09) 0.93 (0.85–1.01) 0.95 (0.86–1.04) 0.089

  Adjusted odds ratio 1.00 (Ref.) 1.00 (0.91–1.10) 0.93 (0.86–1.02) 0.95 (0.86–1.05) 0.133
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