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Functional constipation is the most common gastrointestinal disorder during childhood. Oral
stimulation (mastication and toothbrushing) reportedly improves bowel movements, but the
association between daily toothbrushing behavior and functional constipation remains unknown.

Data (n=83,660) from fetal records (n=104,059) in the Japan Environment and Children’s Study, an
ongoing prospective birth cohort, were analyzed to investigate the impact of daily toothbrushing
frequency on functional constipation during childhood, using ROME Il diagnostic criteria. After
multiple imputations of data acquired from self-reported questionnaires, a multivariable binomial
logistic regression analysis was used with adjustments for several maternal and child-related variables.
Functional constipation was observed in 10,123 (12.1%) and 8,820 (10.5%) participants at 3 and 4 years
postpartum, respectively. Using the appropriate frequency of daily toothbrushing (twice or more) as a
reference, the odds of functional constipation increased with decreasing daily toothbrushing frequency
after covariate adjustments involving daily feeding frequency. The adjusted odds ratio (OR) for
functional constipation in participants without daily toothbrushing behavior (less than once a day) at

4 years postpartum was 1.87 (95% confidence interval [CI] 1.34-2.61). Similarly, the adjusted OR (95%
Cl) for chronic functional constipation (at both 3 and 4 years postpartum) in participants without daily
toothbrushing behavior (less than once a day) at 2 years postpartum was 1.62 (1.14-2.31). Functional
constipation during childhood was associated with decreased daily toothbrushing frequency. Although
the underlying mechanism of daily toothbrushing behavior in prompting bowel movements remains
unclear, it is a major basis of self-health management in children that plays an important role in
managing functional constipation.

Constipation is a common gastrointestinal disorder with an estimated prevalence of approximately 15%!2 in
a population-based survey and affects up to 29.6% of children globally**. Functional constipation (‘normal-
transit’ constipation) is the most common form of constipation managed by clinicians® and is characterized
by straining or discomfort symptoms, such as difficult or infrequent bowel movements, painful defecation,
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passage of hard stools, and/or sensation of incomplete evacuation of stool**. Symptoms related to functional
constipation can distress the quality of life of children and their families and increase healthcare expenses due
to medical utilization and treatment®*. Oral stimulation, such as mastication with feeding and/or gum chewing,
has been clinically applied to facilitate bowel motility and improve defecation in functional constipation®”.
Furthermore, an impressive study by Esfandiari et al.%, employing a toothbrushing intervention for 5 min twice
a day, demonstrated a significant improvement in severe functional constipation in patients with spinal cord
injury.

Daily toothbrushing behavior plays a key role in preventing oral infectious diseases, such as dental caries and
gingivitis®!°, and brushing teeth twice daily using fluoridated toothpaste, particularly during early childhood, is
recommended as a highly effective strategy for preventing early childhood dental caries (ECC)'®!!. Moreover,
toothbrushing is one of the major self-health management behaviors. Hakeem et al.!? revealed daily toothbrushing
frequency as a potential reference for estimating health literacy. Therefore, given that daily toothbrushing habits
fundamentally promote an individual’s overall health and well-being!>!4, evidence using population-based data
to examine whether appropriate daily toothbrushing behavior contributes to reducing the risk of functional
constipation in childhood would be valuable.

This study utilized a dataset from the Japan Environment and Children’s Study (JECS), an ongoing nationwide
multicenter prospective birth cohort study, to investigate the impact of daily toothbrushing frequency on the
prevalence of functional constipation during early childhood.

Results

The baseline characteristics of the participants based on the prevalence of childhood functional constipation at
each age are presented in Table 1. Functional constipation was prevalent in 10,123 (12.1%) and 8820 (10.5%)
children at 3 and 4 years postpartum, respectively. It should be noted that the Kaup index at each age point is
normally distributed with a symmetric histogram.

The crude and adjusted odd ratios (ORs) of daily toothbrushing frequency at 2 and 4 years postpartum
(Table 2) for functional constipation were calculated using multivariable logistic regression analysis. The OR
(95% confidence interval [CI]) for functional constipation at both 3 and 4 years postpartum in the adjusted
model for all covariates tended to increase with a lower frequency in daily toothbrushing at both 2 and 4 years
postpartum. In particular, the adjusted ORs (95% Cls) for functional constipation in participants without
habitual daily toothbrushing (less than once per day group) at 2 years postpartum were 1.46 (1.12-1.89) and
1.38 (1.05-1.81) at 3 and 4 years postpartum, respectively. Additionally, a similar tendency was observed in
the analysis targeting the association of functional constipation with daily toothbrushing frequency at 4 years
postpartum; however, the association of lower toothbrushing frequency at 4 years postpartum with functional
constipation at 3 years postpartum was weaker in the group with once-daily toothbrushing (1.10 [1.04-1.16])
and not statistically significant in the group without daily habitual toothbrushing (1.30 [0.87-1.95]). When
categorizing participants into the target group with lower daily toothbrushing frequency (once per day or less),
it is noteworthy that the adjusted model for all covariates demonstrated a significant association with functional
constipation at 3 years postpartum (1.10 [1.05-1.16], p <0.001).

We focused on the association between daily toothbrushing frequency and chronic functional constipation
(Table 3). The baseline characteristics associated with the prevalence of chronic functional constipation in
the participants are presented in Table S1. The prevalence of chronic functional constipation at both 3 and
4 years postpartum was 3659 (4.4%). Meanwhile, 40,108 (47.9%) and 63,418 (75.8%) participants reported
toothbrushing twice daily at 2 and 4 years postpartum, respectively. Using healthy participants as the reference,
the crude and adjusted ORs for chronic functional constipation consistently increased with a lower frequency in
daily tooth brushing at both 2 and 4 years postpartum. The ORs (95% ClIs) for chronic functional constipation in
‘once’ and ‘less than once’ groups of daily toothbrushing frequency at 2 years postpartum were 1.22 (1.14-1.31)
and 1.62 (1.14-2.31), respectively; regarding toothbrushing behavior at 4 years postpartum, the ORs were 1.22
(1.13-1.31) and 1.60 (0.90-2.86), respectively. When focusing on lower daily toothbrushing frequency (once per
day or less), it is important to note that the adjusted model for all covariates revealed a significant association
with chronic functional constipation (1.22 [1.13-1.32], p<0.001). Significant associations between chronic
functional constipation and the presence of parent-supervised toothbrushing and daily feeding frequency were
not consistently observed in the adjusted model for all covariates (data not shown).

Discussion

The key findings of this study, using nationwide data from a large-scale birth cohort study in Japan, showed
that a decreased frequency of daily toothbrushing behavior prospectively increased the risk of functional
constipation during childhood. Although it certainly promotes children’s oral health, a better understanding of
the appropriate association between daily toothbrushing and bowel habits would provide valuable information
for planning and supporting health and behavioral development in children.

Daily toothbrushing behavior is a major basis for self-health management!'>!. Similar to the study by
Esfandiari et al.%, in which chronic constipation distinctly improved after intervention with toothbrushing twice
daily for 5 min after feeding in patients with spinal cord injury, our findings also indicated a favorable association
of daily frequency of toothbrushing habits with a reduced risk of functional constipation in children; however,
the potential causality remains unclear. Interestingly, in our results, the prevalence of functional constipation at
3 years postpartum was significantly associated with a lower daily toothbrushing frequency at 2 years, but not at
4 years postpartum. Since the acquisition of toothbrushing behavior in early childhood starts with tooth eruption
and tends to become habitual with growth!>!¢, the proportion of children with twice-daily toothbrushing
increased from half at 2 years postpartum (47.9%) to three-fourths at 4 years postpartum (75.8%), as shown
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3 years postpartum 4 years postpartum
Absence, n (%) | Presence, n (%) | Absence, n (%) | Presence, n (%)
Functional constipation 73,537 (87.9) 10,123 (12.1) 74,840 (89.5) 8820 (10.5)
Maternal age at delivery, Mean (SD) 31.4 (4.5) 31.3 (4.6) 31.4 (4.5) 31.5 (4.6)
Kaup index, Mean (SD) 16.0 (1.3) 16.0 (1.3) 15.7 (1.2) 15.7 (1.2)
Feeding frequency per day at 2 years postpartum, Mean (SD) | 3.0 (0.2) 3.0 (0.3) 3.0(0.2) 3.0(0.3)
Toothbrushing frequency per day at 2 years postpartum
Twice or more 35,512 (88.5) 4596 (11.5) 36,265 (90.4) 3843 (9.6)
Once 37,539 (87.4) 5432 (12.6) 38,085 (88.6) 4886 (11.4)
Less than once 486 (83.6) 95 (16.4) 490 (84.4) 91 (15.6)
At 4 years postpartum
Twice or more 55,921 (88.2) 7497 (11.8) 57,079 (90.0) 6339 (10.0)
Once 17,405 (87.1) 2587 (12.9) 17,560 (87.8) 2432 (12.2)
Less than once 211 (84.3) 39(15.7) 201 (80.5) 49 (19.5)
Parental-supervised toothbrushing at 2 years postpartum
Presence 72,290 (87.9) 9921 (12.1) 73,608 (89.5) 8603 (10.5)
Absence 1247 (86.1) 202 (13.9) 1232 (85.0) 217 (15.0)
At 4 years postpartum
Presence 73,088 (87.9) 10,059 (12.1) 74,395 (89.5) 8752 (10.5)
Absence 449 (87.6) 64 (12.4) 445 (86.7) 68 (13.3)
Child’s sex
Male 38,122 (89.0) 4732 (11.0) 38,249 (89.3) 4605 (10.7)
Female 35,415 (86.8) | 5391 (13.2) 36,591 (89.7) | 4215 (10.3)
Maternal parity
Primiparae 30,468 (86.2) 4858 (13.8) 30,818 (87.2) 4508 (12.8)
Multiparae 43,069 (89.1) | 5265 (10.9) 44,022 (91.1) | 4312 (8.9)
Household income (million yen/ year)
<2 3783 (84.9) 675 (15.1) 3845 (86.3) 613 (13.7)
2to<4 24,616 (87.3) 3566 (12.7) 25,070 (89.0) 3112 (11.0)
4t0<6 25,109 (88.3) | 3326 (11.7) 25,534 (89.8) | 2901 (10.2)
>6 20,029 (88.7) 2556 (11.3) 20,391 (90.3) 2194 (9.7)
Maternal educational attainment
High school or less 24,651 (86.7) 3775 (13.3) 25,085 (88.2) 3341 (11.8)
Junior college 31,712 (88.1) 4289 (11.9) 32,274 (89.6) 3727 (10.4)
University or higher 17,174 (89.3) 2059 (10.7) 17,481 (90.9) 1752 (9.1)
Maternal smoking habit
Never 44,716 (88.7) 5714 (11.3) 45,416 (90.1) 5014 (9.9)
Stopped 26,115 (87.0) 3900 (13.0) 26,709 (89) 3306 (11)
Smoking 2706 (84.2) 509 (15.8) 2715 (84.5) 500 (15.5)
Maternal alcohol intake
Never 25,736 (88.3) 3402 (11.7) 26,125 (89.7) 3013 (10.3)
Stopped 40,330 (87.5) | 5741 (12.5) 41,113 (89.2) | 4958 (10.8)
Drinking 7471 (88.4) 980 (11.6) 7602 (90.0) 849 (10.0)
Congenital diseases
Absence 66,852 (88.0) 9089 (12.0) 68,076 (89.6) 7865 (10.4)
Presence 6685 (86.6) 1034 (13.4) 6764 (87.6) 955 (12.4)

Table 1. Baseline characteristics of participants with and without functional constipation. SD =standard
deviation.

in Table 1. Thus, considering the prospective impact of appropriate daily toothbrushing on the prevalence of
functional constipation, acquiring appropriate toothbrushing behavior in early childhood would contribute to
individual health promotion, including bowel habits.

There is a lack of studies focusing on the underlying mechanism of daily toothbrushing behavior on prompting
bowel movements. However, several studies involving several oral stimulations such as feeding, mastication, or
taste in human and animal models induced bowel motility and gut secretion through the cephalic-vagal reflex via
the autonomic nerve and humoral systems'”!8, Additionally, based on the robust correlation between oral and
bowel microbiota!®??, daily toothbrushing, the most effective means of maintaining oral hygiene orchestrated
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Daily frequency in children
Constipation at 3 years postpartum | Twice or more | Once ‘ p-value ‘ Less than once | p-value
Toothbrushing at 2 years postpartum
Presence, n (%) 4596 (11.5) 5432 (12.6) 95 (16.4)
Crude 1.12 (1.07-1.17) | <0.001 | 1.52(1.20-1.92) | <0.001
Model 1* Ref 1.11 (1.06-1.16) | <0.001 | 1.55(1.23-1.96) | <0.001
Model 2° 1.12 (1.07-1.17) | <0.001 |1.49(1.17-1.88) | 0.001
Model 3¢ 1.12 (1.07-1.17) | <0.001 | 1.46 (1.12-1.89) 0.005
At 4 years postpartum
Presence, n (%) 3,843 (9.6) 4,886 (11.4) 91 (15.6)
Crude 1.21 (1.16-1.27) | <0.001 | 1.74 (1.37-2.22) | <0.001
Model 1* Ref 1.18 (1.12-1.23) | <0.001 | 1.71(1.34-2.18) | <0.001
Model 2° 1.18 (1.13-1.24) | <0.001 | 1.61 (1.26-2.06) | <0.001
Model 3¢ 1.18 (1.13-1.24) | <0.001 | 1.38 (1.05-1.81) 0.020
Toothbrushing at 4 years postpartum
Presence, n (%) 7497 (11.8) 2587 (12.9) 39 (15.7)
Crude 1.11 (1.05-1.17) | <0.001 | 1.38 (0.93-2.07) 0.113
Model 1* Ref 1.11 (1.05-1.17) | <0.001 | 1.42(0.95-2.12) 0.086
Model 2" 1.10 (1.05-1.16) | <0.001 | 1.34 (0.89-2.00) 0.157
Model 3¢ 1.10 (1.04-1.16) | <0.001 | 1.30(0.87-1.95) | 0.196
At 4 years postpartum
Presence, n (%) 6339 (10.0) 2432 (12.2) 49 (19.5)
Crude 1.25 (1.18-1.31) | <0.001 | 2.19 (1.57-3.04) | <0.001
Model 1* Ref 1.22 (1.16-1.29) | <0.001 |2.16 (1.55-3.01) | <0.001
Model 2° 1.21 (1.15-1.28) | <0.001 | 1.99 (1.43-2.77) | <0.001
Model 3¢ 1.21 (1.15-1.27) | <0.001 | 1.87 (1.34-2.61) | <0.001

Table 2. Association of daily toothbrushing frequency at 2 and 4 years postpartum with functional
constipation. Odds ratio (95% confidence interval) (all such values). *Adjusted for maternal age, parity status,
and child’s sex. *Additionally adjusted for maternal (educational attainment, smoking, and drinking habit),
and children’s factors (z-score of Kaup index at each time point, daily feeding frequency, and prevalence of
congenital disease[s]), and household income with Model 1. “‘Additionally adjusted for parental-supervised
toothbrushing at each time point with Model 2.

Daily frequency at 2 years postpartum | Twice or more | Once p-value | Less than once | p-value
Presence, n (%) 1567 (3.9) 2054 (4.8) 38 (6.6)
Crude 1.23(1.15-1.32) | <0.001 |1.73(1.22-2.46) | 0.002
Model 1* 1.21 (1.13-1.30) | <0.001 |1.73 (1.22-2.46) | 0.002
Model 2° Ref 1.22 (1.14-1.31) | <0.001 | 1.64 (1.15-2.34) | 0.006
Model 3¢ 122 (1.14-1.31) | <0.001 | 1.62 (1.14-2.31) | 0.008
At 4 years postpartum
Presence, n (%) 2626 (4.1) 1015 (5.1) 18 (7.0)
Crude 1.24 (1.15-1.34) | <0.001 | 1.73 (0.97-3.08) | 0.063
Model 1* Ref 1.22 (1.13-1.32) | <0.001 | 1.75(0.98-3.12) | 0.060
Model 2° 1.22 (1.13-1.32) | <0.001 | 1.61(0.91-2.88) | 0.104
Model 3¢ 1.22 (1.13-1.31) | <0.001 | 1.60 (0.90-2.86) | 0.109

Table 3. Association of daily toothbrushing frequency at 2 and 4 years postpartum with chronic functional
constipation. Odds ratio (95% confidence interval) (all such values). *Adjusted for maternal age, parity status
and infant’s sex. PAdditionally adjusted for maternal (educational attainment, smoking and drinking habit),
and children’s factors (z-score of Kaup index at 4 years postpartum, daily feeding frequency, and prevalence
of congenital disease[s]), and household income with Model 1. ‘Additionally adjusted for parental-supervised
toothbrushing at each time point with Model 2.
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Fig. 1. Flow chart of the study participants.

by oral bacteria, might indirectly provide beneficial effects on gut microbial composition, playing vital roles in
the bowel environment??2, Meanwhile, although there is fundamentally higher interindividual variability in
bowel habits, reinforcement of both appropriate daily toothbrushing and bowel habits in children depends on
parental childcare, health literacy, and their behaviors**~%°, Therefore, the influence of potential confounding
factors associated with daily parenting quality in terms of toothbrushing and bowel training cannot be ruled out.
Since bowel habits contribute to healthy child development in both physical and mental aspects, appropriate
daily toothbrushing habits play a key role not only in preventing ECC!! but also in contributing to the extensive
health benefits for children.

This study had several strengths and limitations. One of the strengths is that the JECS dataset utilized in
our study was obtained from the Japanese nationwide survey that included almost half of all infants born
in multiple study regions from 2011 to 201422, Thus, the findings, mostly based on the general Japanese
population, allowed us to examine the behavioral onset of daily toothbrushing in children and its association
with children’s functional constipation in comparison with abundant healthy participants. Meanwhile, as a main
dataset limitation, this study’s data collection methods did not include queries about clinical histories and self-
management of functional constipation. Considering that medications for constipation in children can be ruled
out because they generally start around preschool age, home remedies used to relieve chronic symptoms are
necessary to verify their association with parental socioeconomic and behavioral determinants. In particular,
the benefits of daily intake of dietary fiber and probiotics in improving constipation are well known. Thus, in
addition to the daily feeding frequency included in the analysis, further studies that include more information
on dietary habits are warranted.

In conclusion, a decreased frequency of daily toothbrushing was prospectively associated with the
prevalence of functional constipation in children. As a major basis of self-health management in children, daily
toothbrushing behavior plays an important role in contributing to the child’s overall health and development.

Methods

Study design and participants

The JECS conformed to the ethical guidelines of the 1975 Declaration of Helsinki (revised in 2008). The JECS
protocol was reviewed and approved by the Ministry of the Environment’s Institutional Review Board on
Epidemiological Studies and the Ethics Committees of all the participating institutions (No. 100910001), the
details of which have been published??’. The aim and procedure of the study were explained to all participants,
and written informed consent was obtained prior to their participation. The early childhood data were collected at
2, 3, and 4 years postpartum using follow-up questionnaires. Based on the lower withdrawal rate (approximately
5%), the JECS consistently achieves a response rate of over 80%. Specifically, the response rates were 87.3%,
84.2%, and 80.5% at 2, 3, and 4 years postpartum, respectively. This study was conducted as a part of the JECS,
and anonymized data were utilized. This study relied on the jecs-ta-20190930-qsn and jecs-qa-20210401 datasets
released in October 2019 and April 2021, respectively.

In the JECS, pregnant women were recruited during their first prenatal examination from cooperating
healthcare providers and local government offices between January 2011 and March 2014. After the participating
mothers completed the self-administered questionnaire, medical doctors and trained nurses performed clinical
measurements and summarized the medical record transcripts. Of the 104,059 fetuses enrolled from 15 regional
centers in the JECS, 3759 comprised miscarriages and stillbirths or were untraceable, and 16,640 participants’
mothers did not respond to the questionnaires regarding the ROME III diagnostic criteria in children at both
3 and 4 years postpartum, or daily toothbrushing frequency at both 2 and 4 years postpartum. After excluding
these fetuses and children from the analysis, the final sample comprised 83,660 children (Fig. 1).

Functional constipation (outcome measure)

The prevalence of functional constipation in participants was determined using the ROME III diagnostic
criteria, which is a standard set for screening childhood functional gastrointestinal disorders*. The following
items associated with functional constipation lasting for a minimum of 1 month were evaluated: (1) two or
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fewer defecations per week, (2) at least one episode of fecal incontinence per week, (3) a history of excessive
stool retention, (4) history of painful or hard bowel movements, (5) presence of a large fecal mass in the rectum,
and (6) history of large-diameter stools that may obstruct the toilet**°. Parents or caregivers of the participants
were enquired regarding the above questions via mailed questionnaires in Japanese version at 3 and 4 years
postpartum. Participants with two or more positive items on the questionnaire were defined as having childhood
functional constipation at each time point. Additionally, considering the established consistent symptoms of
functional constipation, participants with functional constipation at both time points (presence at both 3 and
4 years postpartum) were classified into the chronic functional constipation group and included for analyses as
a binary variable: the absence and presence groups of chronic functional constipation.

Daily toothbrushing frequency (main exposure measure)

Daily toothbrushing frequency in children at 2 and 4 years postpartum was assessed using the following
question: ‘How many times do you/does your child brush his or her teeth every day?” in a questionnaire sent
to the participants’ mothers®>*!. The response options were: never, once per day, twice per day, three times
per day, and four or more times per day. As internationally recommended in the pediatric dental guidelines,
toothbrushing twice a day is the most effective strategy in preventing ECC!*2, The participants in the present
study were categorized into three groups: the reference group (=2 times per day), low-frequency group (once
per day), and very-low-frequency group (less than once per day), or into two groups: the reference (> 2 times per
day) and lower-frequency (once per day or less) groups.

Covariates

The detailed design of the questionnaire has been previously described®>~%’. Briefly, sociodemographic
characteristics, lifestyle, and health status variables in mother-infant dyads, which reportedly confound results
in health and health-related behaviors®>**, were included as covariates in the analysis models. Information, such
as annual household income, maternal educational level, smoking habits, and drinking intake, were assessed
using a self-administered questionnaire provided to the mothers during pregnancy. Data on maternal age at
delivery, parity status, and sex of the child were retrieved from the medical record transcripts. All data were
retrieved using medical record transcripts and self-administered questionnaires. Additionally, the prevalence
of congenital anomalies was ascertained in 7719 (9.2%) infants from the medical record transcripts and
questionnaires. Details regarding the data processing, validation, and verification of congenital anomalies have
been previously described?*->.

From the data, the participants were categorized into different groups based on the following variables: annual
household income in Japanese yen (<2 million, 2-4 million, 4-6 million, or > 6 million); maternal educational
level (junior or high school, junior college [technical or junior college], or university [university or graduate]);
maternal smoking history (never, stopped smoking before or during pregnancy [previously did, but quit before
realizing current pregnancy; previously did, but quit after realizing current pregnancy], currently smoking);
alcohol intake (never, stopped drinking, or current drinker); sex of the child (male or female); parity status
(primiparae or multiparae); and prevalence of congenital disease (presence or absence). The degree of obesity
in participants according to age was estimated using the Kaup index (g/cm?x 10, similar to body mass index),
which has been applied to children aged between 2 and 5 years. Additionally, the Kaup index was transformed
into z-scores using the standard z-score calculation formula and incorporated as a covariate in the analysis. In
addition to the Kaup index z-scores, maternal age at delivery and daily feeding frequency at 2 years postpartum
were included as continuous variables in the analysis.

Statistical analysis

Of the 83,660 participants, the missing data on functional constipation at 3 and 4 years postpartum was 7894
(9.4%) and 6813 (8.1%) children, respectively. Regarding daily toothbrushing frequency, 2274 (2.7%) and 5617
(6.7%) participants had missing data at 2 and 4 years postpartum, respectively. In order to apply the missing data,
multiple imputations using the “missing at random” (MAR) assumption were performed using the multivariate
normal imputation method*. An imputation model that included all the variables (including the main exposure
and outcome variables) used in the main analysis was independently applied to 10 copies of the data, each of
which contained suitably imputed missing values. According to Rubin’s rules, the imputed values of variables
should be estimated using the means and adjusted standard errors yielded by the observed data®’. The missing
values according to variables are summarized in Table S2.

As summarized in Table 1, the maternal age at delivery, Kaup indices, and daily feeding frequencies are
presented as mean and standard deviation. Categorical variables are presented as numbers and percentiles.
To calculate the ORs and 95% Cls for functional constipation, using the healthy control group as a reference,
binomial logistic regression analysis, including potential covariates using the simultaneous method, was
performed. For crude or adjusted analyses using the aforementioned covariates, Model 1 was analyzed after
adjusting for maternal age at delivery, parity status, and the child’s sex. Model 2 also included maternal factors
(educational attainment, smoking, and drinking habits), child-related factors (Kaup index, daily feeding
frequency, and prevalence of congenital diseases), and household income, in addition to the variables included
in Model 1. Moreover, Model 3 included the presence of parent-supervised toothbrushing at each age (2 and
4 years postpartum) as a categorical variable (Tables 2 and 3). Focusing on chronic functional constipation
associated with daily tooth brushing frequency in children, a secondary analysis of participants with chronic
functional constipation was also performed. All statistical analyses were performed using IBM SPSS Statistics
software (version 24.0; IBM Corp., Armonk, NY, USA). Statistical significance was set at p-value <0.05.
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Data availability

Data are unsuitable for public deposition due to ethical restrictions and legal framework of Japan. It is prohibited
by the Act on the Protection of Personal Information (Act No. 57 of 30 May 2003, amendment on 9 September
2015) to publicly deposit the data containing personal information. Ethical Guidelines for Medical and Health
Research Involving Human Subjects enforced by the Japan Ministry of Education, Culture, Sports, Science and
Technology and the Ministry of Health, Labour and Welfare also restricts the open sharing of the epidemiologic
data. All inquiries about access to data should be sent to: jecs-en@nies.go.jp. The person responsible for handling
enquiries sent to this e-mail address is Dr Shoji E Nakayama, JECS Programme Office, National Institute for
Environmental Studies.
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