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Abstract 

Background: Childcare facilities are a factor that lowers the established association of mother’s postnatal psychiatric 
symptoms with children’s behavioral problems. However, no studies have considered the prenatal psychiatric symp-
toms yet. This study examined whether the use of childcare facilities moderates the association of maternal psycho-
logical distress in early pregnancy and at two years postpartum with behavioral problems in children aged four years.

Methods: The present study was based on the data from 23,130 mother–child pairs participating in the Tohoku 
Medical Megabank Project Birth and Three-Generation Cohort Study. K6 was used to classify maternal psychological 
distress in early pregnancy and at two years postpartum into four categories: none in both prenatal and postnatal 
periods (none), only the prenatal period (prenatal only); only the postnatal period (postnatal only); both prenatal and 
postnatal periods (both). The children’s behavioral problems were assessed using the Child Behavior Checklist for Ages 
1½–5 (CBCL) aged four years. The clinical range of the externalizing, internalizing, and total problem scales of the CBCL 
was defined as having behavioral problems. To examine whether availing childcare facilities moderates the associa-
tion between maternal psychological distress and children’s behavioral problems, we conducted a stratified analysis 
based on the use of childcare facilities or not, at two years of age. The interaction term between maternal psychologi-
cal distress and use of childcare facilities was included as a covariate in the multivariate logistic regression analysis to 
confirm the p-value for the interaction.

Results: The prevalence of the clinical ranges of externalizing problems, internalizing problems, and clinical range 
of total problems were 13.7%, 15.4%, and 5.8%, respectively. The association of maternal psychological distress 
with a high risk of children’s behavioral problems was significant; however, the association between prenatal only 
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Introduction
Mental disorders are a severe health problem worldwide 
[1]. The American Psychological Association (APA) has 
defined the symptoms of depression as "not just sad-
ness, but also a lack of interest and pleasure in daily 
activities, significant weight loss or gain, insomnia or 
excessive sleeping, lack of energy, inability to concen-
trate, feelings of worthlessness or excessive guilt and 
recurrent thoughts of death or suicide” [2]. Symptoms 
of anxiety has been defined as " feelings of tension, wor-
ried thoughts and physical changes like increased blood 
pressure” [3]. People with anxiety usually have recurring 
intrusive thoughts and worry, may avoid certain situa-
tions out of worry, and may also have physical symptoms 
such as sweating, trembling, dizziness, and a rapid heart-
beat [3]. Several studies have ascertained that maternal 
psychiatric symptoms such as depression and anxiety 
during the prenatal or postnatal periods are associated 
with behavioral problems in children [4–14]. Therefore, 
the incidence of maternal psychiatric symptoms is a seri-
ous problem which adversely affects both the mother and 
the child.

Identifying the factors that moderate the association 
between maternal psychiatric symptoms and the risk of 
behavioral problems in children is crucial for both the 
children’s development and maternal mental health. To 
the best of our knowledge, three studies have shown that 
childcare institutions, such as daycare, nursery, or kinder-
garten alleviate the association between maternal post-
partum depressive symptoms and the risk of children’s 
behavioral problems [11, 15, 16]. A study showed that 
parenting by other caregivers besides the mother reduced 
the harmful effects of maternal postpartum depression 
on the child [15]. One study showed a significant asso-
ciation with a lower risk of emotional problems among 
children who received group care compared to those who 
received care from their mothers in a group of children 
with their respective mothers experiencing persistent 
severe postpartum depressive symptoms [16]. Another 
study showed that the association between maternal 
postpartum depressive symptoms and children’s behav-
ioral problems was alleviated by providing at least half a 
day of formal childcare per week, at two years of age [11].

While the use of childcare facilities has been shown to 
alleviate the association between postpartum depressive 
symptoms and behavioral problems in children [11, 15, 
16], there are no studies that have considered the psychi-
atric symptoms experienced in the prenatal period. Post-
partum psychiatric symptoms are associated with a risk 
of behavioral problems in children through low quality 
of parenting [17], while prenatal psychiatric symptoms 
are associated with behavioral problems by affecting the 
fetus in utero [9, 17–19]. Based on the difference of the 
pathways through which maternal psychiatric symptoms 
affect children, it is necessary to examine whether the use 
of childcare facilities moderates the association between 
behavioral problems in children and maternal psychiatric 
symptoms, in both the prenatal and postnatal periods.

Considering the above circumstances, the aim of this 
study was to examine whether the use of childcare facili-
ties moderates the association of maternal psychological 
distress (includes some of the symptoms of depression 
and anxiety) in early pregnancy and at two years 
postpartum.

Methods
Study design and population
The present study was based on the Tohoku Medical 
Megabank Project Birth and Three Generation Cohort 
Study (TMM BirThree Cohort Study). The TMM 
BirThree Cohort Study details have been shown previ-
ously [20–23]. Between July 2013 and March 2017, the 
trained genome medical research coordinators explained 
the relevant information to the potential participants in 
each clinic, hospital, or community support center in 
Miyagi and Iwate prefectures, and obtained signed con-
sent from each participant. Among the 32,986 pregnant 
women who were contacted, 23,406 pregnant women 
who had undergone multiple different pregnancies were 
registered. Furthermore, 23,130 mother and children 
pairs were evaluated as per the following study-appro-
priate exclusion criteria: withdrew informed consent 
(n = 505), multiple participation in the survey (n = 875), 
missing data on maternal psychological distress in early 
pregnancy (n = 720), missing data for maternal psy-
chological distress at two years postpartum (n = 8,880), 

psychological distress and externalizing problems in the group that did not use childcare facilities was not significant. 
Interactions between the use of childcare facilities and maternal psychological distress on behavioral problems in chil-
dren were not significant.

Conclusions: Use of childcare facilities did not moderate the association of maternal psychological distress in early 
pregnancy and at two years postpartum with behavioral problems in children aged four years.

Keywords: Prenatal psychological distress, Postnatal psychological distress behavioral problems, Childcare; childcare 
facility
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missing information on children’s behavioral problems 
aged four years (n = 5,716), missing information on child-
care facilities (n = 41), and use of psychotropic drugs 
between pre- to early pregnancy (n = 134). Finally, a total 
of 6,259 mother and child pairs were included in the 
analysis (Fig. 1).

Maternal psychological distress
To assess the maternal psychological distress in early 
pregnancy (less than 14 weeks of pregnancy) and at two 
years postpartum, the Japanese version of the K6, which 
is a brief scale consisting of six questions was developed, 
validated, and used [24, 25]. We defined a K6 ≥ 5 points 
as psychological distress in this study. Prior research 
has proposed a K6 score of more than 5 as psychologi-
cal distress [26, 27]. Furthermore, we classified mother 
and child pairs based on psychological distress into four 
categories: no psychological distress in both prenatal and 
postnatal periods (none), only the prenatal period (pre-
natal only), only the postnatal period (postnatal only), 
and both the prenatal and postnatal periods (both).

Children’s behavioral problems
The Child Behavior Checklist for Ages 1½–5 (CBCL) 
was used to assess the behavioral problems in children 
at the age of four years [28]. The CBCL is a parent-com-
pleted screening method, consisting of 100 items which 
is divided into seven syndrome scales (emotionally reac-
tive, anxious/depressed, somatic complaints, withdrawn, 
sleep problems, attention problems, and aggressive 
behavior) [28, 29]. Furthermore, the scale of total prob-
lems is defined as the sum score of all 100 items on the 
CBCL, and the scale of internalizing problems is defined 
as the sum score of being emotionally reactive, anxious/

depressed, having somatic complaints, and being with-
drawn [28, 29]. The scale of externalizing problems is 
defined as the sum score of attention problems and 
aggressive behavior [28, 29]. The T-score (mean: 50, 
standard deviation: 10) for each of the scales was cal-
culated and standardized for Japanese children [29]. A 
standardized T-score in the range of 60–63 indicates the 
borderline clinical range, while a standardized T-score 
of 64 or higher indicates the clinical range [29]. In this 
study, the clinical range (standardized T-score ≥ 64) of 
internalizing, externalizing, and total problems scales 
were analyzed as behavioral problems [29].

Use of childcare facilities
Information on the use of childcare facilities was col-
lected from the questionnaire at two years postpartum. 
The parents responded as to whether their children were 
attending childcare facilities at age two years or not.

Covariates
We selected the covariates that may influence the asso-
ciation between maternal psychological distress and 
behavioral problems in children after reviewing the pre-
vious studies [4–14, 30–34]. We collected information on 
the child’s sex from birth records. Information regard-
ing maternal age (years) and parity (never, one, or more) 
was collected from the medical records. The mater-
nal age was divided into four categories (< 25, 25–29, 
30–34, ≥ 35 years). The information on maternal alcohol 
consumption in early pregnancy (never, ever, current), 
maternal cigarette smoking in early pregnancy (never, 
stopped before pregnancy, stopped after pregnancy, cur-
rent), and paternal smoking in early pregnancy (never, 
stopped before pregnancy, stopped after pregnancy, 

Fig. 1 Flow chart of the participant exclusion criteria of this study
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current) were gathered from the questionnaire in early 
pregnancy [30–33]. Information on household income 
(< 4,000,000, 4,000,000–5,999,999, ≥ 6,000,000 Japa-
nese yen/year) was collected from the questionnaire 
completed by the mothers during mid-pregnancy (14–
27 weeks of pregnancy). The maternal educational attain-
ment data (high school graduate or less, junior college or 
vocational college graduate, university graduate or above, 
others) were gathered a year after delivery [30, 34].

Statistical analysis
The characteristics of the participants according to the 
four categories of maternal psychological distress have 
been described, and the P-values were determined from 
the chi-square test comparing the participants’ charac-
teristics for the maternal psychological distress catego-
ries. Since all the variables were categorical, the data were 
presented as frequency and percentage. Furthermore, 
we compared the differences in characteristics between 
male and female children. To confirm the association 
between maternal psychological distress involving our 
categories and the scales of internalizing, externalizing, 
and total problems, we first conducted a multivariable 
logistic regression analysis, using the “none” category 
as a reference (no psychological distress in both prena-
tal and postnatal periods). To further examine whether 
the use of childcare facilities moderates the association 
between maternal psychological distress and children’s 
behavioral problems, we conducted a stratified analysis 
based on the use of childcare facilities at two years of age. 
Moreover, the interaction term between maternal psy-
chological distress and the use of childcare facilities was 
included as a covariate in the multivariate logistic regres-
sion analysis to confirm the P-value for the interaction. 
Multiple imputations imputed incomplete confounders 
by the chained equation process [35]. Plausible synthetic 
values were generated from the given exposure, outcome, 
and other confounders in the data. Twenty sets of quasi-
complete data were analyzed in the multivariate analyses 
independently and the estimates were integrated. All sta-
tistical analyses were performed using R, v.4.0.2 [36]. A 
P-value < 0.05 was considered as statistically significant.

Results
Characteristics of the study population
Table  1 shows the characteristics of the participants 
according to the four categories of maternal psychologi-
cal distress. Of the 6,259 mothers that participated, 3,484 
(55.7%) did not experience psychological distress in both 
the prenatal and postnatal periods; 1,055 (16.9%) experi-
enced psychological distress in the prenatal period only, 
701 (11.2%) experienced psychological distress in the 
postnatal period only, and 1,019 (16.3%) experienced 

psychological distress in both the prenatal and postna-
tal periods. Participants who experienced psychologi-
cal distress in the prenatal or postpartum periods were 
characterized as younger, had no previous childbirth 
experience, and lower household income. Overall, 13.7% 
of children showed a clinical range of externalizing prob-
lems, 15.4% of the children showed a clinical range of 
internalizing problems, and 5.8% showed a clinical range 
of the total problems.

Compared to the prevalence of behavioral problems 
in children, the maternal psychological distress in either 
the prenatal or postnatal period was higher than the inci-
dence of no maternal psychological distress in both the 
prenatal and postnatal periods.

Additionally, the prevalence of behavioral problems 
was highest in the case of maternal psychological distress 
in both the prenatal and postnatal periods. The preva-
lence of behavioral problems in children was higher in 
mothers who experienced only postnatal psychological 
distress in comparison with mothers who experienced 
only prenatal psychological distress. The comparison of 
characteristics between male and female children showed 
no significant differences for all variables except for the 
externalizing problems. The prevalence of externalizing 
problems was higher in male children than the female 
children (Supplementary Table 1).

Multivariable logistic regression analysis for maternal 
psychological distress and behavioral problems in children
Table 2 shows the odds ratios (ORs) and 95% CIs for the 
association of maternal psychological distress in early 
pregnancy and at two years postpartum with behavioral 
problems in children aged four years through a multi-
variate logistic regression analysis. On adjusting possible 
confounders, an association between the four categories 
of maternal psychological distress and the high risk of 
children’s externalizing problems was found (adjusted 
OR[95% CI] = 1.55[1.25–1.92] for the prenatal only, 
2.60[2.09–3.24] for the postnatal only, 3.17[2.63–3.83] 
for the both), internalizing problems (2.06[1.69–2.52] 
for the prenatal only, 2.68[2.16–3.34] for the postnatal 
only, 3.80[3.17–4.57] for the both) and total problems 
(2.39[1.73–3.31] for the prenatal only, 3.50[2.51–4.90] for 
the postnatal only, 5.36[4.05–7.10] for the both).

Stratified analysis by the use of childcare facilities
Table  3 presents the ORs, 95% CIs, and p-values of the 
data on the interaction between the four categories of 
maternal psychological distress in early pregnancy and 
at two years postpartum, and behavioral problems in 
children aged four years through multivariate logistic 
regression analysis stratified by the use or no use of child-
care facilities. The association of maternal psychological 
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Table 1 Characteristics of participants with respect to maternal psychological distress

Maternal psychological distress

Total None Prenatal only Postnatal only Both

(n = 6,259) (n = 3,484) (n = 1,055) (n = 701) (n = 1,019) P-valuea

n (%) n (%) n (%) n (%) n (%)

Maternal age at delivery

 < 25 (years) 291 (4.6) 134 (3.8) 56 (5.3) 31 (4.4) 70 (6.9)  < 0.001

 25–30 (years) 1471 (23.5) 739 (21.2) 282 (26.7) 166 (23.7) 284 (27.9)

 30–35 (years) 2409 (38.5) 1313 (37.7) 411 (39.0) 288 (41.1) 397 (39.0)

  > 35 (years) 2088 (33.4) 1298 (37.3) 306 (29.0) 216 (30.8) 268 (26.3)

Parity, n (%)

 Never 2949 (47.1) 1506 (43.2) 566 (53.6) 347 (49.5) 530 (52.0)  < 0.001

 One or more 3294 (52.6) 1967 (56.5) 488 (46.3) 350 (49.9) 489 (48.0)

 Missing 16 (0.3) 11 (0.3) 1 (0.1) 4 (0.6) 0 (0.0)

Household income, n (%)

  < 4,000,000 (JPY/year) 1976 (31.6) 994 (28.5) 341 (32.3) 239 (34.1) 402 (39.5)  < 0.001

 4,000,000–6,000,000 (JPY/year) 2058 (32.9) 1154 (33.1) 373 (35.4) 210 (30.0) 321 (31.5)

  > 6,000,000 (JPY/year) 1959 (31.3) 1196 (34.3) 303 (28.7) 221 (31.5) 239 (23.5)

 Missing 266 (4.2) 140 (4.0) 38 (3.6) 31 (4.4) 57 (5.6)

Educational attainment, n (%)

 High school graduate or less 1736 (27.7) 930 (26.7) 272 (25.8) 204 (29.1) 330 (32.4)

 Junior college or vocational college 
graduate

2288 (36.6) 1319 (37.9) 403 (38.2) 226 (32.2) 340 (33.4)

 University graduate or above 1825 (29.2) 1012 (29.0) 321 (30.4) 213 (30.4) 279 (27.4) 0.001

 Others 10 (0.2) 9 (0.3) 0 (0.0) 1 (0.1) 0 (0.0)

 Missing 400 (6.4) 214 (6.1) 59 (5.6) 57 (8.1) 70 (6.9)

Maternal Alcohol drinking, n (%)

 Never 2907 (46.4) 1612 (46.3) 492 (46.6) 325 (46.4) 478 (46.9) 0.912

 Former 2092 (33.4) 1158 (33.2) 347 (32.9) 235 (33.5) 352 (34.5)

 Current 1246 (19.9) 706 (20.3) 212 (20.1) 140 (20.0) 188 (18.4)

 Missing 14 (0.2) 8 (0.2) 4 (0.4) 1 (0.1) 1 (0.1)

Maternal cigarette smoking, n (%)

 Never 4081 (65.2) 2336 (67.0) 669 (63.4) 462 (65.9) 614 (60.3) 0.002

 Stopped before pregnancy 1439 (23.0) 783 (22.5) 235 (22.3) 166 (23.7) 255 (25.0)

 Stopped after pregnancy 633 (10.1) 316 (9.1) 128 (12.1) 63 (9.0) 126 (12.4)

 Current 88 (1.4) 41 (1.2) 19 (1.8) 7 (1.0) 21 (2.1)

 Missing 18 (0.3) 8 (0.2) 4 (0.4) 3 (0.4) 3 (0.3)

Paternal cigarette smoking, n (%)

 Never 1944 (31.1) 1057 (30.3) 327 (31.0) 239 (34.1) 321 (31.5) 0.212

 Stopped before pregnancy 1518 (24.3) 863 (24.8) 264 (25.0) 170 (24.3) 221 (21.7)

 Stopped after pregnancy 168 (2.7) 85 (2.4) 31 (2.9) 24 (3.4) 28 (2.7)

 Current 2583 (41.3) 1458 (41.8) 423 (40.1) 264 (37.7) 438 (43.0)

 Missing 46 (0.7) 21 (0.6) 10 (0.9) 4 (0.6) 11 (1.1)

Child’s sex, n (%)

 Male 3251 (51.9) 1838 (52.8) 529 (50.1) 361 (51.5) 523 (51.3) 0.475

 Female 3008 (48.1) 1646 (47.2) 526 (49.9) 340 (48.5) 496 (48.7)

Externalizing problems of CBCL, n (%)

 Clinical range 859 (13.7) 314 (9.0) 144 (13.6) 146 (20.8) 255 (25.0)  < 0.001

Internalizing problems of CBCL, n (%)

 Clinical range 964 (15.4) 325 (9.3) 191 (18.1) 154 (22.0) 294 (28.9)  < 0.001

Total problem of CBCL, n (%)

 Clinical range 362 (5.8) 91 (2.6) 68 (6.4) 64 (9.1) 139 (13.6)  < 0.001

Use child care facilities, n (%) 2924 (46.7) 1645 (47.2) 463 (43.9) 328 (46.8) 488 (47.9)  < 0.001

JPY Japanese Yen, CBCL Child Behavior Checklist for Ages 1½–5
a Obtained using the chi-square test comparing participant’s characteristics for maternal psychological distress categories
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distress and high risk of children’s behavioral problems 
was significant, except that a significant association was 
not identified between the prenatal only psychological 
distress and externalizing problems in the group that 
did not use childcare facilities. The footnotes to Table 3 
mention the p-value for the interaction between the use 
of childcare facilities and the four categories of mater-
nal psychological distress, with respect to the behavioral 

problems in children. As a result, the interaction was 
not significant at the 5% level of significance. P-value 
for interaction was respectively as follows; externalizing 
problems (0.200 for prenatal only, 0.280 for postnatal 
only, 0.634 for both), internalizing problems (0.976 for 
prenatal only, 0.064 for postnatal only, 0.210 for both), 
total problems (0.466 for prenatal only, 0.366 for postna-
tal only, 0.610 for both).

Table 2 Multivariable logistic regression analysis for maternal psychological distress and behavioral problems in children

95% CI 95% confidence interval, OR Odds ratio
a Adjusted for maternal age at delivery, parity, educational attainment, household income, maternal alcohol intake, maternal cigarette smoking, paternal cigarette 
smoking, child’s sex

Maternal psychological distress

None Prenatal only Postnatal only Both

Crude OR 
(95% CI)

Adjusted OR 
(95% CI)a

Crude OR 
(95% CI)

Adjusted OR 
(95% CI)a

Crude OR 
(95% CI)

Adjusted OR 
(95% CI)a

Crude OR 
(95% CI)

Adjusted OR 
(95% CI)a

Externalizing 
problem

Ref 1.60 (1.29–1.97) 1.55 (1.25–1.92) 2.66 (2.14–3.29) 2.60 (2.09–3.24) 3.37 (2.80–4.05) 3.17 (2.63–3.83)

Internalizing 
problem

Ref 2.15 (1.77–2.61) 2.06 (1.69–2.52) 2.74 (2.21–3.38) 2.68 (2.16–3.34) 3.94 (3.30–4.71) 3.80 (3.17–4.57)

Total problem Ref 2.57 (1.86–3.54) 2.39 (1.73–3.31) 3.75 (2.68–5.20) 3.50 (2.51–4.90) 5.89 (4.48–7.70) 5.36 (4.05–7.10)

Table 3 Stratified analysis by the use of childcare facilities

95% CI 95% confidence interval, OR Odds ratio
a Adjusted for maternal age at delivery, parity, educational attainment, household income, maternal alcohol intake, maternal cigarette smoking, paternal cigarette 
smoking, child’s sex

Use of childcare facilities (n = 2,924)

None Prenatal only Postnatal only Both

Crude OR 
(95% CI)

Adjusted OR 
(95% CI)a

Crude OR  
(95% CI)

Adjusted OR 
(95% CI)a

Crude OR  
(95% CI)

Adjusted OR 
(95% CI)a

Crude OR 
(95% CI)

Adjusted OR 
(95% CI)a

Externalizing 
problem

Ref 1.86 (1.37–2.51) 1.84 (1.35–2.50) 2.25 (1.61–3.11) 2.31 (1.65–3.22) 3.57 (2.74–4.66) 3.47 (2.64–4.57)

Internalizing 
problem

Ref 2.16 (1.61–2.89) 2.03 (1.50–2.74) 2.1 (1.49–2.91) 2.08 (1.48–2.93) 3.47 (2.66–4.52) 3.31 (2.51–4.36)

Total problem Ref 2.93 (1.82–4.67) 2.83 (1.76–4.55) 3.01 (1.77–5.01) 2.97 (1.76–5.00) 5.35 (3.57–8.09) 5.22 (3.43–7.95)

No use of childcare facilities (n = 3,335)

Externalizing 
problem

Ref 1.40 (1.04–1.87) 1.33 (0.99–1.79) 3.03 (2.26–4.03) 2.83 (2.11–3.80) 3.19 (2.74–4.66) 2.91 (2.64–4.57)

Internalizing 
problem

Ref 2.13 (1.64–2.75) 2.07 (1.59–2.70) 3.33 (2.51–4.38) 3.18 (2.39–4.22) 4.39 (3.46–5.58) 4.27 (3.34–5.46)

Total problem Ref 2.30 (1.46–3.57) 2.04 (1.30–3.20) 4.39 (2.83–6.76) 3.91 (2.51–6.08) 6.38 (3.73–7.97) 5.45 (3.73–7.97)

P-value for interaction

Externalizing 
problem

Ref 0.200 0.280 0.634

Internalizing 
problem

Ref 0.976 0.064 0.210

Total problem Ref 0.466 0.366 0.610
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Discussion
In this large-scale birth cohort study in Japan, we exam-
ined whether the use of childcare facilities moderates 
the association of maternal psychological distress in the 
prenatal and postnatal periods with behavioral problems 
in children aged four years. The use of childcare facilities 
did not moderate the association between maternal psy-
chological distress in the prenatal and postnatal periods 
and children’s behavioral problems.

We first checked the association of maternal psycho-
logical distress in the prenatal and postnatal periods with 
behavioral problems in children. The psychological dis-
tress categories of prenatal only, postnatal only, and both 
were all associated with a high risk of externalizing prob-
lems, internalizing problems, and total problems, using 
the “none” category as a reference. These results are simi-
lar to findings of previous studies that reported the pre-
natal and postnatal maternal psychiatric symptoms to be 
associated with behavioral problems in children [4–14]. 
In particular, prenatal mental health has been consist-
ently shown to be associated with children’s development 
among various ethnic groups  [4, 5, 9, 10]. We have con-
firmed this association in Japan. In the prenatal period, 
fetal in utero exposure to cortisol may cause reprogram-
ming of the fetal hypothalamic–pituitary–adrenal (HPA) 
axis, leading to adverse developmental effects in children 
[18, 19]. Normally, 11β-hydroxysteroid dehydrogenase 
type 2 (11β-HSD2) in the placenta protects the fetus from 
cortisol exposure by inactivating cortisol. However, prior 
studies have shown that maternal anxiety is associated 
with the downregulation of placental 11β-HSD2 [18, 19, 
37]. These findings indicate that maternal anxiety in early 
pregnancy is related to the exposure of the fetus to high 
levels of cortisol in utero through the down-regulation 
of 11β-HSD2 in the placenta. Thus, maternal psychologi-
cal distress in early pregnancy is a prime candidate as a 
cause of fetal exposure to high levels of cortisol. In the 
postnatal period, a primary mechanism by which mater-
nal psychological distress affects behavioral problems in 
children may be a decrease in the quality of parenting.

The use of childcare facilities did not moderate the associ-
ation between maternal psychological distress in the prena-
tal period and children’s behavioral problems in this study. 
One possible reason that the use of childcare facilities did 
not moderate the association could be that the use of child-
care facilities does not affect children whose central nerv-
ous system and stress response system development was 
affected in utero. It has been shown that prenatal psychiat-
ric symptoms may lead to reprogramming of the fetal HPA 
axis function [18, 19, 37]. Therefore, in order to prevent 
exposure to maternal psychiatric symptoms during the fetal 
period, it is important to prevent and cure maternal psycho-
logical distress in the prenatal period. Moreover, since there 

are various factors associated with psychological distress in 
early pregnancy, it may be important to identify and carry 
out interventions in more high-risk pregnant women. For 
example, a low socioeconomic status and lack of social sup-
port, including partner support, have been reported to be 
risk factors for perinatal mental disorders [17].

In this study, the use of childcare facilities did not 
moderate the association between psychological distress 
and behavioral problems in children during the prena-
tal period as well as the postnatal period. Those results 
were inconsistent with prior study results that showed 
that the use of childcare facilities moderates the asso-
ciation between postpartum depressive symptoms and 
behavioral problems in children [11, 15, 16]. The cause 
is unknown; however, it is possible that the perinatal and 
child-rearing environments differ in the Western and 
Asian countries [38, 39]. In fact, prior studies on this 
topic have been conducted in Canada, Australia, and the 
United States [11, 15, 16]. In Asia, common factors that 
affect perinatal depression have been reported as con-
flicts with work-life balance, poor relationships with the 
biological mother or in-laws, premarital pregnancy, and 
dissatisfaction with the infant’s sex [38, 39]. Given these 
differences in the environmental factors, it is necessary 
to examine the mitigating factors specific to the Japanese 
population. In addition, the terms and conditions of use of 
childcare facilities may be a factor in why the use of child-
care facilities did not alleviate the association between 
maternal psychological distress and children’s behavioral 
problems. Most childcare facilities in Japan are used to 
taking care of children while their parents are working, 
and it is seldom permitted for unemployed mothers with 
psychological distress to use childcare facilities. Although 
mothers sometimes use childcare facilities because of dif-
ficulties in raising their children due to mental illness, the 
exposure in this study was psychological distress, and that 
severity is not enough reason to use a childcare facility. As 
mentioned above, mothers with psychological distress do 
not always have access to childcare facilities. If mothers 
experiencing psychological distress are more accessible to 
childcare facilities, the use of childcare facilities may be a 
factor in alleviating the association between maternal psy-
chological distress and children’s behavioral problems.

As far as we know, this is the first study to examine 
whether the use of childcare facilities can alleviate the 
association between psychological distress in the prena-
tal periods and behavioral problems in children; there are 
two implications in this study. First, this study suggests 
the need to identify and intervene mothers experiencing 
prenatal psychological distress at the earliest. The major 
interventions for maternal psychological distress are psy-
chosocial support, such as life support, environmental 
adjustment, habit revision, and learning stress coping 
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[40–44]. In the case of mothers diagnosed with depression 
or anxiety, psychotropic intervention may also be consid-
ered. Screening for psychological distress is also impor-
tant to identify mothers who should be intervened with. 
Assessment of maternal mental health in the one-month 
postpartum period is widely conducted in Japan [45]. On 
the other hand, we propose focusing more on assessing 
maternal mental health during pregnancy and providing 
psychosocial support for mothers with psychological dis-
tress during pregnancy. It can potentially improve mater-
nal psychological distress and the child’s development. 
Second, this study implicates the need to identify the addi-
tional factors that may moderate the association between 
maternal psychological distress and behavioral problems 
in children. Since the moderating factors may differ among 
genetic and environmental factors, it is necessary to 
explore the moderating factors characteristic of the Japa-
nese population.

There are a few limitations in this study. First, the TMM 
BirThree cohort study was conducted primarily in the 
Miyagi Prefecture, which limits the generalizability of the 
findings. Second, the TMM BirThree Cohort Study did not 
collect information on the type of childcare facilities, which 
could help us examine the ones beneficial for admitting 
the children. Third, since we focused on psychological dis-
tress as the exposure, our study is limited to comparisons 
of only the prior studies that examined whether the use of 
childcare moderates the association of maternal depression 
symptoms and behavioral problems in children. Fourth, 
since the CBCL is a parent-completed questionnaire, if the 
mother completing the CBCL has psychological distress, 
the child’s behavioral problems may not have been cor-
rectly assessed. Fifth, the psychological distress may begin 
from the prenatal period and last until after delivery, lead-
ing the period of psychological distress to vary. Finally, the 
CBCL was only used for children aged four. Therefore, as 
the follow-up study progresses, it will be necessary to con-
duct the study when the participants are of an older age.

Conclusion
This study showed an association of psychological dis-
tress in early pregnancy and at two years postpartum 
with a higher risk of behavioral problems in children aged 
four years. The association was strongest among mothers 
who experienced both prenatal and postnatal psychologi-
cal distress. Moreover, the use of childcare facilities did 
not alleviate the association between maternal psycho-
logical distress and children’s behavioral problems.

Abbreviations
K6: Kessler Psychological Distress Scale; CBCL: Child Behavior Checklist for Ages 
1½–5; Cis: Confidence intervals; ORs: Odds ratios; TMM BirThree Cohort Study: 
Tohoku Medical Megabank Project Birth and Three-Generation Cohort Study; 

HPA axis: Hypothalamic-pituitary-adrenal axis; 11β-HSD2: 11β-Hydroxysteroid 
dehydrogenase type 2; APA: American Psychological Association.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12888- 022- 04330-2.

Additional file 1. 

Acknowledgements
The authors wish to express their appreciation to the pregnant women in the 
TMM BirThree Cohort Study and the staff members of the Tohoku Medical
Megabank Organization. The list of members is available at https:// www. 
megab ank. tohoku. ac. jp/ engli sh/ a2109 01/

Authors’ contributions
IT and AI were responsible for the study conception and design, and IT was 
responsible for analysis and interpretation of the data, as well as the drafting 
of the manuscript. KM, MK, SK, TO, MI, FU, AN, TO, FM, NK, HH, NI, MS, JS, HT, 
NY, SK, SK contributed to data collection and provided critical feedback. SK, 
KM and TO provided advice regarding critically essential intellectual content 
and helped in drafting the manuscript. All authors read and approved the final 
manuscript.

Funding
The TMM BirThree Cohort Study was supported by the Japan Agency 
for Medical Research and Development (AMED), Japan [grant number, 
JP17km0105001, JP21tm0124005].

Availability of data and materials
The data that support the findings of this study are available from the TMM 
biobank; however, restrictions apply to the availability of these data, which 
were used under license for the current study and hence are not publicly 
available. Data are available from the authors upon reasonable request and 
with the permission of the TMM biobank. All inquiries about access to the data 
should be sent to the TMM biobank (dist@megabank.tohoku.ac.jp).

Declarations

Ethics approval and consent to participate
The TMM BirThree Cohort Study protocol was reviewed and approved by the 
Ethics Committee of Tohoku University Tohoku Medical Megabank Organiza-
tion (2013–1-103–1). The methods in this study have been carried out in 
accordance with the Declaration of Helsinki. All participants received explana-
tions from trained genome medical research coordinators and provided 
written informed consent.

Consent for publication
Not applicable.

Competing interests
KM is an Editorial Board Member for BMC Public Health. The other authors 
have no competing interests to declare.

Author details
1 Tohoku University Graduate School of Medicine, Sendai, Japan. 2 Tohoku 
Medical Megabank Organization, Tohoku University, 2-1 Seiryo-Machi, 
Aoba-Ku, Sendai 980-8573, Japan. 3 Department of Psychiatry, Tohoku Univer-
sity Hospital, Sendai, Japan. 4 Tohoku University School of Medicine, Sendai, 
Japan. 5 Department of Pharmaceutical Sciences, Tohoku University Hospital, 
Sendai, Japan. 6 Department of Obstetrics and Gynecology, Tohoku University 
Hospital, Sendai, Japan. 7 International Research Institute of Disaster Science, 
Tohoku University, Sendai, Japan. 

Received: 1 March 2022   Accepted: 21 October 2022

https://doi.org/10.1186/s12888-022-04330-2
https://doi.org/10.1186/s12888-022-04330-2
https://www.megabank.tohoku.ac.jp/english/a210901/
https://www.megabank.tohoku.ac.jp/english/a210901/


Page 9 of 10Takahashi et al. BMC Psychiatry          (2022) 22:693  

References
 1. GBD 2019 Mental Disorders Collaborators. Global, regional, and national 

burden of 12 mental disorders in 204 countries and territories, 1990-2019: 
a systematic analysis for the Global Burden of Disease Study 2019. Lancet 
Psychiatry. 2019;2022(9):137–50.

 2. American psychological association: Depression. https:// www. apa. org/ 
topics/ depre ssion (2022). Accessed 13 Aug 2022.

 3. American psychological association: Anxiety. https:// www. apa. org/ top-
ics/ anxie ty (2022). Accessed 13 Aug 2022.

 4. Gressier F, Letranchant A, Glatigny-Dallay E, Falissard B, Sutter-Dallay AL. 
Negative impact of maternal antenatal depressive symptoms on neonate’s 
behavioral characteristics. Eur Child Adolesc Psychiatry. 2020;29:515–26.

 5. Faleschini S, Rifas-Shiman SL, Tiemeier H, Oken E, Hivert MF. Associations 
of prenatal and postnatal maternal depressive symptoms with offspring 
cognition and behavior in mid-childhood: a prospective cohort study. Int 
J Environ Res Public Health. 2019;16:1007.

 6. Gjerde LC, Eilertsen EM, Reichborn-Kjennerud T, McAdams TA, Zachrisson 
HD, Zambrana IM, et al. Maternal perinatal and concurrent depressive 
symptoms and child behavior problems: a sibling comparison study. J 
Child Psychol Psychiatry. 2017;58:779–86.

 7. Woolhouse H, Gartland D, Mensah F, Giallo R, Brown S. Maternal depres-
sion from pregnancy to 4 years postpartum and emotional/behavioural 
difficulties in children: Results from a prospective pregnancy cohort 
study. Arch Womens Ment Health. 2016;19:141–51.

 8. Giallo R, Woolhouse H, Gartland D, Hiscock H, Brown S. The emotional–
behavioural functioning of children exposed to maternal depressive 
symptoms across pregnancy and early childhood: a prospective 
Australian pregnancy cohort study. Eur Child Adolesc Psychiatry. 
2015;24:1233–44.

 9. O’Donnell KJ, Glover V, Barker ED, O’Connor TG. The persisting effect 
of maternal mood in pregnancy on childhood psychopathology. Dev 
Psychopathol. 2014;26:393–403.

 10. Park S, Kim BN, Kim JW, Shin MS, Yoo HJ, Lee J, et al. Associations between 
maternal stress during pregnancy and offspring internalizing and exter-
nalizing problems in childhood. Int J Ment Health Syst. 2014;8:44.

 11. Giles LC, Davies MJ, Whitrow MJ, Warin MJ, Moore V. Maternal depressive 
symptoms and child care during toddlerhood relate to child behavior at 
age 5 years. Pediatrics. 2011;128:e78–84.

 12. Fihrer I, McMahon CA, Taylor AJ. The impact of postnatal and concurrent 
maternal depression on child behaviour during the early school years. J 
Affect Disord. 2009;119:116–23.

 13. Yamada M, Tanaka K, Arakawa M, Miyake Y. Perinatal maternal depres-
sive symptoms and risk of behavioral problems at five years. Pediatr Res. 
2021;11. https:// doi. org/ 10. 1038/ s41390- 021- 01719-9.

 14. Kingston D, Kehler H, Austin MP, Mughal MK, Wajid A, Vermeyden L, et al. 
Trajectories of maternal depressive symptoms during pregnancy and 
the first 12 months postpartum and child externalizing and internalizing 
behavior at three years. PLoS ONE. 2018;13:e0195365.

 15. Lee LC, Halpern CT, Hertz-Picciotto I, Martin SL, Suchindran CM. Child care 
and social support modify the association between maternal depressive 
symptoms and early childhood behaviour problems: A US national study. 
J Epidemiol Community Health. 2006;60:305–10.

 16. Herba CM, Tremblay RE, Boivin M, Liu X, Mongeau C, Séguin JR, et al. 
Maternal depressive symptoms and children’s emotional problems: Can 
early child care help children of depressed mothers? JAMA Psychiat. 
2013;70:830–8.

 17. Stein A, Pearson RM, Goodman SH, Rapa E, Rahman A, McCallum M, 
et al. Effects of perinatal mental disorders on the fetus and child. Lancet. 
2014;384:1800–19.

 18. Glover V, O’Connor TG, O’Donnell K. Prenatal stress and the programming 
of the HPA axis. Neurosci Biobehav Rev. 2010;35:17–22.

 19. O’Donnell KJ, Bugge Jensen A, Freeman L, Khalife N, O’Connor TG, Glover 
V. Maternal prenatal anxiety and downregulation of placental 11β-HSD2. 
Psychoneuroendocrinology. 2012;37:818–26.

 20. Kuriyama S, Yaegashi N, Nagami F, Arai T, Kawaguchi Y, Osumi N, et al. 
The Tohoku Medical Megabank Project: Design and mission. J Epidemiol. 
2016;26:493–511.

 21. Kuriyama S, Metoki H, Kikuya M, Obara T, Ishikuro M, Yamanaka C, et al. 
Cohort Profile: Tohoku Medical Megabank Project Birth and three-Gener-
ation Cohort Study (TMM BirThree Cohort Study): Rationale, progress and 
perspective. Int J Epidemiol. 2020;49:18–9.

 22. Ishikuro M, Obara T, Osanai T, Yamanaka C, Sato Y, Mizuno S, et al. Strategic 
methods for recruiting grandparents: The Tohoku medical Megabank birth 
and three-generation cohort study. Tohoku J Exp Med. 2018;246:97–105.

 23. Sugawara J, Ishikuro M, Obara T, Onuma T, Murakami K, Kikuya M, et al. 
Maternal baseline characteristics and perinatal outcomes: The Tohoku 
medical Megabank project birth and three-generation cohort study. J 
Epidemiol. 2022;32:69–79.

 24. Furukawa TA, Kawakami N, Saitoh M, Ono Y, Nakane Y, Nakamura Y, et al. 
The performance of the Japanese version of the K6 and K10 in the World 
Mental Health Survey Japan. Int J Methods Psychiatr Res. 2008;17:152–8.

 25. Kessler RC, Andrews G, Colpe LJ, Hiripi E, Mroczek DK, Normand SLT, et al. 
Short screening scales to monitor population prevalences and trends in 
non-specific psychological distress. Psychol Med. 2002;32:959–76.

 26. Prochaska JJ, Sung HY, Max W, Shi Y, Ong M. Validity study of the K6 scale 
as a measure of moderate mental distress based on mental health treat-
ment need and utilization. Int J Methods Psychiatr Res. 2012;21:88–97.

 27. Sakurai K, Nishi A, Kondo K, Yanagida K, Kawakami N. Screening perfor-
mance of K6/K10 and other screening instruments for mood and anxiety 
disorders in Japan. Psychiatry Clin Neurosci. 2011;65:434–41.

 28. Achenbach TM, Rescorla LA. Manual for the ASEBA Preschool Forms & 
Profiles. 2003.

 29. Funabiki IY, Murai T. Standardization of a Japanese version of the Child 
Behavior Checklist for Ages 1½-5 and the Caregiverteacher report form. 
Jpn J Child Adolesc Psychiatr. 2017;58:713–29.

 30. Murakami K, Obara T, Ishikuro M, Ueno F, Noda A, Kuriyama S. Associa-
tions of education and work status with alcohol use and cessation among 
pregnant women in Japan: The Tohoku Medical Megabank Project Birth 
and three-Generation Cohort Study. BMC Public Health. 2021;21:1400.

 31. Murakami K, Ishikuro M, Ueno F, Noda A, Onuma T, Matsuzaki F, et al. 
Maternal personality and alcohol use during pregnancy in Japan: The 
Tohoku Medical Megabank Project Birth and three-Generation Cohort 
Study. Addict Behav. 2021;122:107020.

 32. Murakami K, Ishikuro M, Ueno F, Noda A, Onuma T, Obara T. et al. Factors 
associated with postpartum smoking relapse among women who quit in 
early pregnancy: The Tohoku Medical Megabank Project Birth and three-
Generation Cohort Study.  J Epidemiol. 2021; Advance online publication: 
JE20200609.  Published online ahead of print.

 33. Murakami K, Ishikuro M, Ueno F, Noda A, Onuma T, Obara T, et al. Social 
predictors of continued and indoor smoking Among partners of non-
smoking pregnant women: The TMM BirThree cohort study. J Epidemiol. 
2021;31:635–41.

 34. Murakami K, Ishikuro M, Ueno F, Noda A, Onuma T, Matsuzaki F, et al. 
Associations of education and income with hazardous drinking among 
postpartum women in Japan: Results from the TMM BirThree Cohort 
Study. Environ Health Prev Med. 2021;26:70.

 35. van Buuren S, Groothuis-Oudshoorn K. ‘mice’: Multivariate Imputation by 
Chained Equations in R. J Stat Soft. 2021;45:3.

 36. R Core Team. R: A language and environment for statistical computing. 
R Foundation for Statistical Computing, Vienna, Austria. 2020. https:// 
www.R- proje ct. org/

 37. Conradt E, Lester BM, Appleton AA, Armstrong DA, Marsit CJ. The roles 
of DNA methylation of NR3C1 and 11β-HSD2 and exposure to maternal 
mood disorder in utero on newborn neurobehavior. Epigenetics. 
2013;8:1321–9.

 38. Roomruangwong C, Epperson CN. Perinatal depression in Asian women: 
Prevalence, associated factors, and cultural aspects. Asian Biomed. 
2011;5:179–93.

 39. Takegata M, Ohashi Y, Lazarus A, Kitamura T. Cross-national differences in 
psychosocial factors of perinatal depression: A systematic review of India 
and Japan. Healthcare (Basel). 2017;5:91.

 40. Kobayashi N, Nemoto H, Seto M, Sato S, Kikuchi S, Honda N, et al. Experi-
ences of perinatal women and public healthcare providers in a commu-
nity affected by the great east Japan earthquake and tsunami: Concerns 
that must be considered for the mental healthcare of perinatal women in 
postdisaster settings. Int J Disaster Risk Reduct. 2020;51:101767.

 41. Seto M, Nemoto H, Kobayashi N, Kikuchi S, Honda N, Kim Y, et al. Post-disaster 
mental health and psychosocial support in the areas affected by the Great 
East Japan Earthquake: a qualitative study. BMC Psychiatry. 2019;19:261.

 42. Takahashi I, Obara T, Aizawa M, Yonezawa Y, Ueno F, Noda A, et al. 
Relationship between the combination of polyunsaturated fatty acids 
intake and psychological distress during pregnancy: The Tohoku Medical 

https://www.apa.org/topics/depression
https://www.apa.org/topics/depression
https://www.apa.org/topics/anxiety
https://www.apa.org/topics/anxiety
https://doi.org/10.1038/s41390-021-01719-9
https://www.R-project.org/
https://www.R-project.org/


Page 10 of 10Takahashi et al. BMC Psychiatry          (2022) 22:693 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Megabank Project Birth and Three-Generation Cohort Study. Prostaglan-
dins Leukot Essent Fatty Acids. 2022;177:102400.

 43. Hamazaki K, Takamori A, Tsuchida A, Kigawa M, Tanaka T, Ito M, et al. 
Japan Environment and Children’s Study (JECS) Group. Dietary intake of 
fish and n-3 polyunsaturated fatty acids and risks of perinatal depres-
sion: The Japan Environment and Children’s Study (JECS). J Psychiatr Res. 
2018;98:9–16.

 44. Morozumi R, Matsumura K, Hamazaki K, Tsuchida A, Takamori A, Inadera 
H. Impact of individual and neighborhood social capital on the physical 
and mental health of pregnant women: the Japan Environment and 
Children’s Study (JECS). BMC Pregnancy Childbirth. 2020;20:450.

 45. Kikuchi S, Murakami K, Obara T, Ishikuro M, Ueno F, Noda A, et al. One-
year trajectories of postpartum depressive symptoms and associated 
psychosocial factors: findings from the Tohoku Medical Megabank 
Project Birth and Three-Generation Cohort Study. J Affective Disord. 
2021;295:632–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Association of maternal psychological distress and the use of childcare facilities with children’s behavioral problems: the Tohoku Medical Megabank Project Birth and Three-Generation Cohort Study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Study design and population
	Maternal psychological distress
	Children’s behavioral problems
	Use of childcare facilities
	Covariates
	Statistical analysis

	Results
	Characteristics of the study population
	Multivariable logistic regression analysis for maternal psychological distress and behavioral problems in children
	Stratified analysis by the use of childcare facilities

	Discussion
	Conclusion
	Acknowledgements
	References


