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Abstract

Background \We previously reported that 1-year-old infants born to mothers who regularly consumed fermented
food during pregnancy had a lower risk of sleep deprivation. However, it is not known if these positive effects are
enhanced when infants themselves eat fermented foods or the long-term effects of such consumption. In this study,
we examined the association between the frequency of fermented food intake during the child’s weaning period and
sleep deprivation at age 1 and 3 years.

Methods This birth cohort study used data from a nationwide, government-funded study called the Japan
Environment and Children’s Study (JECS), covering 65,210 mother-child pairs. We examined the association between
infants’consumption of fermented foods at 1 year of age and sleep deprivation at 1 and 3 years of age.

Results There was no association between yogurt or cheese intake and sleep duration at age 1; at age 3, there

was no group difference, although a trend test showed that yogurt intake at age 1 was significantly associated with
sleep duration at age 3. There was also no association between the frequency of cheese intake and inadequate sleep
duration at age 3.

Conclusion Frequency of children’s yogurt and cheese intake at age 1 was not associated with sleep duration at age
1 or 3. However, a trend test showed a significant association between the frequency of yogurt intake at age 1 and
sleep duration at age 3.
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Background
A sufficient amount of good sleep is necessary for a
healthy life. Lack of sleep and irregular sleep patterns
have been reported to increase the risk of physical ill-
nesses [1], such as hypertension [2] and diabetes [3], and
mental illnesses, such as depression [4, 5] and self-harm
[6]. This is true not only for adults but also children,
whose sleep duration varies from the neonatal period to
infancy [7]. Sleep deprivation in infancy has been found
to be associated with obesity [8], poor academic and spa-
tial skills [9], hyperactivity [10], problematic behavior
[11], and hyperactivity at age 6 years [12], and it has a
negative impact on physical and psychological develop-
ment. It is therefore important to investigate the causes
and effects of sleep deprivation in infancy.
Probiotic-containing foods and fermented foods are
gaining attention due to their positive effects on the gut
microbiota [13, 14], and a good gut microbiota has a
positive effect on sleep [15, 16]. Studies on probiotic-con-
taining foods and/or the gut microbiota include a small
study of 8 people in which consumption of yogurt-con-
taining probiotics improved gut bacteria after antibiotic
treatment [17]. In a study of 66 elderly people, a probi-
otic group treated daily for 6 months with a fermented
flavored oat drink containing 109 cfu/mL Bifidobacte-
rium longum 46 (DSM 14,583) and B. longum 2 C (DSM
14,579) also showed higher and more diverse levels of
bifidobacteria in their stool [18]. Interestingly, in a study
of the gut microbiota and sleep in 37 healthy elderly peo-
ple, a higher proportion of Verrucomicrobia and Lenti-
sphaerae in their stool was associated with better sleep
quality and better Stroop performance [19]. A study of 9
men determined that a sleep-deprived group, which slept
about 4 h, had lower total amounts of acetate, propionate,
and fecal short-chain fatty acids in their stool, suggesting
the importance of sleep duration and the composition of
the gut microbiota [20]. Furthermore, a study of 40 men
also reported that diversity of the microbiome in the gut
microbiota was positively correlated with sleep efficiency
and total sleep time and was negatively correlated with
sleep fragmentation [21]. However, as yet, there is a lack
of research involving children, particularly infants, a lack
of large-scale studies, and a lack of research focusing
directly on sleep from the perspective of dietary content.
The Japan Environment and Children’s Study (JECS),
known as Ecochil-Chosa in Japan, is a nationwide birth
cohort study investigating the environmental factors
possibly affecting children’s health and development. A
total of 104,059 pregnancies have been registered, and
data from self-administered questionnaires and medi-
cal record transcriptions have yielded a wide array of
research findings [22]. The JECS previously examined the
association between the frequency of the maternal con-
sumption of fermented foods during pregnancy and the
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infant’s sleep duration at 1 year of age in 72,624 mother-
infant pairs [23]. Infants whose mothers consumed miso
soup more often during pregnancy were found to sleep
longer. Similar results were obtained for cheese and sleep
at age 3 [24]. These results suggest that a high intake of
fermented foods during pregnancy may have a positive
effect on the child’s sleep. However, it is also conceivable
that the child’s diet may have a greater impact on their
development than the mother’s diet during pregnancy.

In this study, we focused on yogurt and cheese, which
are often consumed in Japan as probiotic-containing fer-
mented foods, and examined the association between
frequency of intake at age 1 and sleep duration at ages 1
and 3.

Methods

JECS population

The JECS protocol has been described in detail else-
where [25, 26]. 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. The JECS participants included
women in the first trimester of pregnancy, belonging to
15 regions of Japan, who were enrolled between Janu-
ary 2011 and March 2014 [25, 26]. The eligibility criteria
for participants (expectant mothers) were as follows: (1)
resident of a Study Area at the time of recruitment and
expected to reside continually in Japan for the foresee-
able future; (2) expected delivery date between August
1, 2011, and mid-2014; and (3) able to participate in the
study without difficulty (i.e., able to understand Japanese
and complete the self-administered questionnaire). The
excluded participants were expectant mothers residing
outside the Study Area, even if they visited co-operating
health care providers within a Study Area. The present
study analyzed the jecs-qa-20210401 (jecs-ta-20190930)
dataset, released in April 2021. The full dataset comprises
104,059 records obtained from a questionnaire-based
survey of the participants. We excluded 3,759 and 1,891
records because of miscarriages/still births and multiple
births, respectively (Fig. 1). Additionally, we excluded
20,204 participants with missing data on sleep dura-
tion and 957 participants with missing data on yogurt or
cheese consumption.

Exposure

To assess the frequency of probiotic intake, the fol-
lowing questions were included in a self-administered
questionnaire that mothers completed 1 year after
delivery: “How many times a week does your child have
yogurt?” and “How many times a week does your child
have cheese?” The response options were <1 time/week,
1-2 days/week, 3—4 days/week, 5-6 days/week, 1 time/
day, 2 times/day, and >3 times/day. Because of variation
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104,059 records in
jecs-qa-20210401 (jecs-ta-
20190930) dataset

3,759 excluded

Reason: miscarriages or still births

1,891 excluded
Reason: multiple births

98,409 unique mothers with
singleton live birth

20,204 excluded

Reason: dropped out or missing data on sleep

duration

957 excluded

Reason: missing data on infant intake of yogurt or

cheese

11,968 excluded

Reason: missing data on covariates

65,210 infants for analysis

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

in the number of responses in the frequency categories
for yogurt and cheese, categorization was performed by
food. Specifically, we categorized participant responses
for the consumption of yogurt by infants as <1 time/
week, 1-2 days/week, 3—6 days/week, or 27 times/week
and for cheese as <1 time/week, 1-2 times/week, or >3
times/week [27].

Outcome categories

To measure infant sleep duration at 1 and 3 years after
delivery, parents were asked in the questionnaire to indi-
cate when their infant slept on the previous day. Parents
marked the times when their infant was asleep by draw-
ing lines through boxes indicating 30-min intervals from
12:00 am to 12:00 am the next day [23]. Infants were cate-
gorized according to tertile or quartile of fermented food
intake to estimate their risk of sleep deprivation. The
National Sleep Foundation in the United States recom-
mends 11-14 h of sleep in a 24-h period for 1-year-olds
and 10-13 h for 3-year-olds. Therefore, the lower limit of
appropriate sleep duration was set at less than 11 h for
1-year-olds and 10 h for 3-year-olds [7].

Confounders in multiple logistic regression analysis

The following confounding factors were used in mul-
tiple logistic regression: maternal age; body mass index
(kg/m?) 1 month after delivery (<18.5, 18.5-25, or >25);
number of previous deliveries (nulliparous or multipa-
rous); educational background (junior high school or
high school, technical junior college, technical/vocational
college or associate degree, or Bachelor’s degree or post-
graduate degree); annual household income (<4 million
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JPY, 4—6 million JPY, or 26 million JPY); marriage status
6 months after delivery (married, divorced, widowed, or
other); alcohol status 1 month after delivery (never, ex-
drinker, 1-3 times/month, 1-3 times/week, 4—6 times/
week, or every day); smoking status 1 month after deliv-
ery (never, quit before learning of pregnancy, quit after
learning of pregnancy, currently smoking (<10 cigarettes
or >10 cigarettes); employment status 1 year after deliv-
ery (employed or unemployed); cesarean section (no or
yes); gestational age at birth (weeks); birth weight (g);
infant sex (male or female); major congenital anomaly
(no or yes); birth season (spring, summer, fall, or winter),
night crying at 1 year of age (no or yes); and attending
nursery school at 1 year of age (no or yes). These vari-
ables were categorized according to standard medical
practice or common practice in Japan [28, 29] and as
shown in Tables 1 and 2, and 3.

Statistical analysis

Unless stated otherwise, data are expressed as
meantstandard deviation or median. Univariate and
multivariate logistic analyses were applied to estimate the
incidence of inadequate sleep duration (<11 h at 1 year
of age and <10 h at 3 years of age). Four logistic analy-
ses were conducted to determine the association between
the frequency of yogurt intake at age 1 and sleep at age
1, frequency of yogurt intake at age 1 and sleep at age 3,
frequency of cheese intake at age 1 and sleep at age 1, and
frequency of cheese intake at age 1 and sleep at age 3[24].
We calculated both unadjusted and adjusted odds ratios
(ORs) with 95% confidence intervals (95% ClIs).

ORs and 95% ClIs were calculated using logistic regres-
sion analysis with yogurt as the lowest quartile criterion
and cheese as the lowest tertile criterion. Adjusted ORs
were calculated using the covariates described in the pre-
vious section, and crude ORs were calculated without
these covariates. The JECS prohibits the sharing of the
ORs of covariates, regardless of whether they are crude
or adjusted. Trend tests were conducted with yogurt and
cheese intake respectively assessed using quartile and
tertile distributions as continuous variables. All statistical
analyses were performed by using SAS version 9.4 (SAS
Institute Inc., Cary, NC).

Results

Demographic and obstetric characteristics of participants
(n=65,210) are shown in Tables 1 and 2. The group with
higher yogurt consumption was more likely to be pri-
miparous, to have a higher household income, and not to
attend nursery school. On the other hand, the group that
consumed more cheese tended to be primiparous and
more educated and to have a higher household income;
in addition, the mothers tended to be unemployed and
the infants tended to not attend nursery school.
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Table 2 Participant characteristics by frequency of infant consumption of cheese at 1 year of age

Cheese consumption at 1 year of age, times/week

<1 1-2 =3
(n=30,614) (n=26,178) (n=8,418)
n (%) n (%) n (%)
Mother’s age at childbirth
Mean+SD, y 31.6+4.79 31.5+4.82 32.0+4.75
Pre-pregnancy BMI, kg/m?
<185 1,592 (5.2) 1,218 4.7) 460 (5.5)
185t0 <25 24,373 (79.6) 21,050 (80.4) 6,777 (80.5)
>25 4,649 (15.2) 3,910 (14.9) 1,181 (14.0)
Parity
Primiparous 12,277 (40.1) 10,933 (41.8) 4,129 (49.1)
Multiparous 18,337 (59.9) 15,245 (58.2) 4,289 (51.0)
Highest education level, y
<12 9,974 (32.6) 8,650 (33.0) 2,289 (27.2)
12to <16 13,248 (43.3) 11,393 (43.5) 3,742 (44.5)
>16 7,392 (24.2) 6,135 (23.4) 2,387 (28.4)
Annual household income, JPY
<4 million 12,044 (39.3) 9,833 (37.6) 2,921 (34.7)
4 to <6 million 10,266 (33.5) 8,929 (34.1) 2,899 (344)
>6 million 8,304 (27.1) 7416 (283) 2,598 (30.9)
Marital status
Married 30,229 (98.7) 25,809 (98.6) 8316 (98.8)
Divorced or widowed 385 (1.3) 369 (1.4) 102 (1.2)
Alcohol intake
Never 28,337 (92.6) 23,831 (91.0) 7,717 (91.7)
Former 1,238 (4.0) 1,198 (4.6) 408 4.9)
Current 1,039 (34) 1,149 (4.4) 293 (3.5
Smoking history
Never 19,205 (62.7) 15,622 (59.7) 5,260 (62.5)
Quit 10,489 (343) 9,645 (36.8) 2,972 (35.3)
Current 920 (3.0) 91 (3.5 186 (2.2)
Employed
No 15,911 (52.0) 13,175 (50.3) 4,739 (56.3)
Yes 14,703 (48.0) 13,003 (49.7) 3,679 (43.7)
Cesarean section
No 24,943 (81.5) 21,365 (81.6) 6,908 (82.1)
Yes 5,671 (18.5) 4,813 (184) 1,510 (17.9)
Gestational weeks
Mean +SD, weeks 39.2+1.56 393+141 39.3+1.36
Birth weight
Mean+SD, kg 3029+415.7 3032£399.1 3028+385.6
Infant sex
Male 15,646 (51.1) 13,319 (50.9) 4,316 (51.3)
Female 14,968 (48.9) 12,859 (49.1) 4,102 (48.7)
Major congenital anomaly
No 29913 (97.7) 25,625 (97.9) 8,226 (97.7)
Yes 701 (2.3) 553 2.1 192 (2.3)
Birth season
Spring (months 3-5) 6,927 (22.6) 6,332 (24.2) 2,010 (23.9)
Summer (months 6-8) 8,036 (26.3) 7,264 (27.8) 2,348 (27.9)
Fall (months 9-11) 8,655 (28.3) 6,959 (26.6) 2,216 (26.3)
Winter (months 12-2) 6,996 (22.9) 5623 (21.5) 1,844 (21.9)
Night crying at 1 year of age
No 15,758 (51.5) 13,492 (51.5) 4,289 (51.0)
Yes 14,856 (48.5) 12,686 (48.5) 4,129 (49.1)
Nursery attendance at 1 year of age
No 22,601 (73.8) 18,634 (71.2) 6,617 (78.6)
Yes 8,013 (26.2) 7,544 (28.8) 1,801 (214

BMI, body mass index

JPY, Japanese Yen
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Table 3 ORs (95% Cls) for inadequate sleep duration at 1 and 3 years of age according to frequency of infant consumption of yogurt

and cheese at 1 year of age (n=65,210)

Cases, Controls, Crude model® Adjusted model®® p-value
n n Odds ratios (95% CI)  for trend®
Sleep deprivation at 1 year of age (cross-sectional design)

Yogurt, times/week
<1 1,261/ 12,182 Reference Reference 0.793
1-2 1,988/ 18,624 1.031 (0.938-1.133) 1.000 (0.909-1.100)
3-6 1,766/ 18,045 0.945 (0.858-1.041) 0.939 (0.852-1.035)
>7 1,022/ 10,322 0.956 (0.857-1.068) 0.974 (0.871-1.090)

Cheese, times/week
<1 2,818/ 27,796 Reference Reference 3.707
1-2 2461/ 23,717 1.024 (0.952-1.100) 1.005 (0.935-1.081)
>3 758/ 7,660 0.976 (0.877-1.087) 1.001 (0.898-1.115)

Sleep deprivation at 3 years of age (longitudinal design)

Yogurt, times/week
<1 1,038/ 12,405 Reference Reference 0.042
1-2 1,590/ 19,022 0.999 (0.901-1.108) 0.966 (0.870-1.073)
3-6 1,425/ 18,386 0.926 (0.833-1.030) 0.917 (0.824-1.020)
>7 779/ 10,565 0.881(0.779-0.996) 0.897 (0.791-1.016)

Cheese, times/week
<1 2,263/ 28351 Reference Reference 2532
1-2 1,935/ 24,243 1.000 (0.923-1.084) 0.979 (0.904-1.062)
>3 634/ 7,784 1.021 (0.908-1.147) 1.047 (0.930-1.177)

Bold indicates significance

295% Cl after application of Bonferroni correction corresponding to the 98.75% (= 100-5/4) Cls before Bonferroni correction

b Adjusted for maternal age, pre-pregnancy body mass index, parity, highest education level, annual household income, marital status, alcohol intake, smoking
history, employed, cesarean section, gestational weeks, birth weight, infant sex, major congenital anomalies, birth season, night cry, nursery

©Values were multiplied by 4 so that the significance level after Bonferroni correction remains at 5%

The unadjusted and adjusted ORs (95% ClIs) for the
relationship of inadequate sleep duration with yogurt and
cheese consumption at 1 and 3 years of age are shown
in Table 3. In terms of frequency of yogurt intake at
age 1 and sleep duration at age 3, the incidence of chil-
dren with sleep deprivation decreased when yogurt was
consumed>7 times per week in the crude model. The
adjusted model showed no differences between groups,
although a trend test showed significant differences. In all
other conditions, there were no significant differences in
both the crude and adjusted models.

Discussion

In this study, we hypothesized that, as newborns grow,
they will be influenced by the foods that they eat, and
using data from 65,210 infants in the JECS, we exam-
ined the association between the frequency of consump-
tion of two fermented foods (yogurt and cheese) at age
1 year and sleep deprivation at age 1 and 3 years. The
results showed that there was no association between the
frequency of yogurt intake and sleep duration at age 1,
and no difference was found among the groups for sleep
duration at age 3, although a trend test revealed a differ-
ence. On the other hand, no association was found for
the frequency of cheese intake at both age 1 and age 3.

We have already reported an association between the
active maternal intake of fermented foods during preg-
nancy and a lower incidence of sleep deprivation at age
1 and 3, suggesting that the maternal diet has a relatively
long-term effect on child sleep [23, 24]. In addition, in the
present study, a trend test showed an association between
the frequency of yogurt intake at age 1 and sleep duration
at age 3. In other words, we cannot rule out the possibil-
ity that children’s own active consumption of fermented
foods may affect their sleep or the possible influence of
what they themselves eat as they grow up. Indeed, it has
been reported that the active administration of probiotics
diversifies the intestinal microbiota [30], that the intesti-
nal microbiota has a circadian rhythm, and that the intes-
tinal microbiota is necessary for the proper regulation of
the circadian rhythms [31-33]. Moreover, animal stud-
ies have shown that the gut microbiota also affects the
sleep-wake cycle, a basic state transition of the brain, and
that abnormalities in the gut microbiota can lead to dis-
turbances in brain functions such as memory formation,
cognitive function, mental health, and circadian rhythms.
Analysis of sleep-wake states by electroencephalography
and electromyography has revealed that non-REM sleep
during the sleep phase is decreased in mice in which
the gut microbiota was removed and, conversely, that
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non-REM and REM sleep during the active phase are
increased compared with normal mice [14].

This study analyzed a large dataset from participants
who were considered to be representative of the Japa-
nese population [26]. The strength of the study is that it
was able to adjust for a large number of covariates. On
the other hand, some limitations also exist and may be
related to why the hypotheses of this study were not sup-
ported. First, the questionnaire used in this study may
have been affected by the fact that it did not take into
account the type of yogurt or cheese consumed. In par-
ticular, there are two types of cheese: natural cheese,
which contains live lactic acid bacteria and enzymes, and
processed cheese, in which the lactic acid bacteria are
killed by heat treatment during cheese production. This
raises the question of whether the cheese consumed was
actually probiotic. Probiotic cow cheese causes changes
in the intestinal microbiota of mice and supports them by
delivering probiotic bacteria to their intestines [34], sug-
gesting that the type of cheese a child eats may also be
important. Future studies should use methods to com-
pare probiotic preparations containing different concen-
trations of microorganisms. Second, the questionnaire
used in this study asked about the frequency of consump-
tion, not the amount consumed. Further work is needed
to determine the exact amount of probiotics actually con-
sumed and changes in the intestinal microbiota by direct
investigation. Third, sleep duration was measured at age
1 and at age 3; sleep duration at age 2 is not known. In
other words, changes in children’s sleep duration were
not captured. Fourth, for yogurt and cheese, only the fre-
quency of intake at age 1 was studied, and changes up to
age 3 were not ascertained. In particular, the frequency
of cheese intake at age 1 was generally lower and more
deficient than that of yogurt. Further research is needed
to examine the relationship between sleep and the active
intake of fermented foods after the age of 1 year and over
a longer period of time. Future research should improve
on these limitations and long-term studies should exam-
ine the relationship between children’s diet and sleep
duration.

Conclusion

The frequency of children’s yogurt and cheese intake at
age 1 was not associated with sleep duration at age 1 or
3. However, a trend test showed a significant association
between the frequency of yogurt intake at age 1 and sleep
duration at age 3.
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