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Abstract

Aim: To examine the association of the combination of taking neuropsychiatric
medications from the onset of pregnancy to mid-pregnancy and maternal psychological
distress at mid-pregnancy, with children's behavioral problems.

Methods: Neuropsychiatric medication use from the onset of pregnancy to mid-
pregnancy was defined by the self-reported name of the neuropsychiatric medication in
the questionnaire in early and mid-pregnancy. Maternal psychological distress was
defined by the Kessler Psychological Distress Scale (K6) 213 on the questionnaire in mid-
pregnancy. We classified the participants into four categories based on the combination
of taking neuropsychiatric medications and psychological distress: “None,” “Medications
only,” “Ké6 > 13 only,” and “Both.” Children's behavioral problems were assessed using the
Child Behavior Checklist for Ages 1%-5 (CBCL) at 2 years of age. The clinical ranges of the
internalizing and externalizing scales of the CBCL were defined as behavioral problems.
We conducted a multivariable logistic regression analysis to examine the associations
between the four categories of maternal exposure and children's behavioral problems.
Results: Compared with the “None” category (n=9873), the “Ké = 13 only” category
(n=308) was statistically significantly associated with internalizing and externalizing
problems. In contrast, the “Medications only” (n=93) and “Both” (n=22) categories
were not statistically significantly associated with internalizing and externalizing
problems, although the point estimates of the odds ratio in the “Both” category were
relatively high (1.58 for the internalizing problem and 2.50 for the externalizing
problem).
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INTRODUCTION

Maternal psychiatric disorders commonly occur during pregnancy.*™3
The prevalence of depression during pregnancy in the global
population has been reported to be 7.4% in early pregnancy, 12.8%
in mid-pregnancy, and 12.0% in late pregnancy.! In addition, several
studies have reported that maternal psychiatric symptoms, such as
depression, anxiety, and psychological distress during pregnancy, are
associated with behavioral problems in children,*"1¢ therefore
maternal psychiatric symptoms are a serious problem that adversely
affect both mothers and children.

For the treatment of psychiatric symptoms during pregnancy,
pharmacotherapy is recommended after weighing up its benefits and
risks.1” Strategies for psychopharmacological treatments are selected
based on shared decision-making between physicians and patients
that considers the benefits (i.e., maintaining good mental health
conditions) and risks (e.g., potential adverse effects on child

t4716)

neurological developmen from taking the medication.?” Psy-

chosocial therapy is recommended for mild cases and antidepressant
medications are recommended for moderate or severe cases.t”"1?
Although the impact of untreated depression on child outcomes is
clear,?® the risks of using neuropsychiatric medications during

21-34 In

pregnancy have been discussed and are inconclusive.
addition, it has been suggested that the effects of medication on
the fetus during pregnancy may not be due to the medication itself
but rather to the mother's psychiatric disease and potential
confounding factors.>>3¢ However, a study showed that about half
of Japanese pregnant women who were taking antidepressants
discontinued them during pregnancy, therefore the possibility cannot
be ruled out that people are actually focusing more on the risks than
on the benefits of taking neuropsychiatric medications during
pregnancy.®”

Although the risks and benefits of treatment with neuro-
psychiatric medications during pregnancy have been discussed, to
our knowledge only one study has considered the risks and benefits
of neuropsychiatric medication use during pregnancy on a child's
developmental outcome.®* A previous study examined the associa-
tion of the combination of anxiety and whether or not neuro-
psychiatric medications were taken during pregnancy with infant
auditory sensory gating, showing that in cases of anxiety during
pregnancy there is an association between taking antidepressant

Conclusion: The category of mothers taking neuropsychiatric medications and having no
psychological distress during pregnancy was not associated with children's behavioral

problems in the present population.

behavioral problems, birth cohort, epidemiology, neuropsychiatric medications, psychological

medication and improved infant auditory sensory gating.>* The above
study implies the potential benefit of antidepressant medication for
children's development in utero with maternal anxiety. To appropri-
ately weigh the risks and benefits of neuropsychiatric medications
during pregnancy in clinical practice, it would be beneficial to
accumulate evidence from birth cohort studies.

We aimed to examine the association of the combination of
taking neuropsychiatric medications and maternal psychological
distress (including some of the symptoms of depression and anxiety)
during pregnancy with children's behavioral problems, which have
been widely reported to be associated with psychiatric symptoms*~1¢
and taking neuropsychiatric medications2>2¢ during pregnancy, in the
Tohoku Medical Megabank Project Birth and Three-Generation
(TMM BirThree) Cohort Study.

METHODS
Study design and population

This study was conducted using data from the TMM BirThree Cohort
Study. Details of the TMM BirThree Cohort Study have been
previously described.*®"*! Briefly, this study recruited pregnant
women from approximately 50 obstetric clinics and hospitals in
Miyagi and Ilwate Prefectures, Japan, between July 2013 and March
2017.%° The details of the study were explained to potential
participants by trained genome medical research coordinators and
signed consent was obtained.?’ The protocols of the TMM BirThree
Cohort Study and the present study were reviewed and approved by
the Institutional Review Board of the Tohoku Medical Megabank
Organization (May 27, 2013, Approval No. 2013-1-103-1 and
December 21, 2020, Approval No. 2020-4-120). The exclusion
criteria applied to 23,130 mother and child pairs were as follows:
withdrawn informed consent (n = 505), multiple participation in the
TMM BirThree Cohort Study (n=875), missing data for maternal
psychological distress in mid-pregnancy (n=1048), and missing
information on children's behavioral problems at 2 years of age
(n=10,406). In total, 10,296 eligible mother-child pairs were
included in the analysis (Figure 1). The present study followed the
Strengthening the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) guidelines and the Declaration of Helsinki.
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- Withdraw consent (7 = 505)
* Maternal participation in the survey more than once (n = 875)

Mother-child pairs
(n=21.750)

- Missing data for maternal psychological distress at mid-pregnancy (# = 1.048)
- Missing data for children’s behavioral problems at 2 years of age (7 = 10.406)

Eligible mother-child pairs for analysis
(n=10.296)

FIGURE 1 Participant exclusion criteria in this study.

Neuropsychiatric medications

Neuropsychiatric medications were assessed using a self-report
questionnaire during early and mid-pregnancy. A questionnaire for
early pregnancy was used to obtain information on medication use
from the onset of pregnancy to early pregnancy, and a questionnaire
for mid-pregnancy was used to obtain information on medication use
from early to mid-pregnancy. Classification of neuropsychiatric
medications used for neuropsychiatric symptoms was based on the
Anatomical Therapeutic Chemical (ATC) classification system. The
ATC classification codes for the neuropsychiatric medications used in
the present study were as follows: NO3A (antiepileptics), NO5A
(antipsychotics), NO5B (anxiolytics), NO5C (hypnotics and sedatives),
NOGA (antidepressants), and NO6B (psychostimulants, agents used
for attention deficit hyperactivity disorder, and nootropics). In
addition, neuropsychiatric medications and Japanese Kampo medi-
cines used for neuropsychiatric symptoms, but not covered by the
ATC classification system, were also selected: flutoprazepam,
gamma-oryzanol, rilmazafone hydrochloride hydrate, hangekobokuto,
ryokeijutsukanto, kososan, kambakutaisoto, keishikaryukotsuboreito,
nyoshinsan, saikokeishikankyoto, yokukansan, and yokukansanka-
chimpihange. Pregnant women who self-reported taking these
medications in the early- or mid-pregnancy questionnaires were
defined as taking neuropsychiatric medications in the present study.
The definitions of neuropsychiatric medications for neuropsychiatric
symptoms were selected by psychiatrists (S.K., N.K., and M. Ohsawa)
and pharmacists (T.O., R.O., and A.N.).

Maternal psychological distress

To assess maternal psychological distress during mid-pregnancy, we
used the Japanese version of the Kessler Psychological Distress Scale
(K6).4274¢ The K6 is a short screening scale comprising six questions.
Kessler et al. developed the K6,*? and Furukawa et al. developed a
Japanese version of the K6.*3 We defined psychological distress as a

K6 score of >13 points. This cutoff score has been proposed to
operationalize the definition of serious mental illness, which is
defined as meeting the diagnostic criteria for a DSM-IV disorder in
the past 12 months and experiencing significant impairment.*44°
Furthermore, we classified the mothers into four categories to
compare the effects of each category's combination of neuro-
psychiatric medication use during pregnancy and psychological
distress on child behavioral problems:

(1) Did not take neuropsychiatric medications from the onset of
pregnancy to mid-pregnancy and did not have psychological distress at
mid-pregnancy (None); (2) took neuropsychiatric medications from
onset of pregnancy to mid-pregnancy and did not have psychological
distress at mid-pregnancy (Medications only); (3) did not take neuro-
psychiatric medications from onset of pregnancy to mid-pregnancy and
had psychological distress at mid-pregnancy (Ké = 13 only); and (4) took
neuropsychiatric medications from onset of pregnancy to mid-

pregnancy and had psychological distress at mid-pregnancy (Both).

Children's behavioral problems

To assess behavioral problems in children aged 2 years, we used the
Child Behavior Checklist for Ages 1%-5 (CBCL), which was
responded to by the caregiver.*”*® The CBCL consists of 100 items
divided into seven syndrome scales (emotionally reactive, anxious/
depressed, somatic complaints, withdrawn, sleep problems, attention
problems, and aggressive behavior).*”*® In addition, the scale for
internalizing problems was defined as the total score for emotionally
reactive, anxious/depressed, somatic complaints, and withdrawn
problems. The scale for externalizing problems was defined as the
total score for attention problems and aggressive behavior.*”*® The T
score (mean 50, standard deviation 10) for each scale was calculated
and standardized for Japanese children, and a standardized T score of
64 or higher indicated the clinical range.*® This study defined the
clinical range of internalizing and externalizing problems (standard-

ized T score 264) as having behavioral problems.
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Covariates

We selected information that may influence the association between
neuropsychiatric medication use and maternal psychological distress
during pregnancy and children's behavioral problems, referring to
previous studies.* 142134 |nformation on children's sex was obtained
from their birth records. Information on maternal age at delivery and
parity (never, once, or more) was obtained from medical records.
Maternal age was divided into four categories (<25, 25-29, 30-34, and
>35 years). Information on maternal alcohol consumption (never, former,
current), maternal cigarette smoking (never, stopped before pregnancy,
stopped after pregnancy, current), and paternal cigarette smoking (never,
stopped before pregnancy, stopped after pregnancy, current) was
collected from the questionnaire during early pregnancy. Information
on household income (<4,000,000, 4,000,000-5,999,999, 26,000,000
Japanese yen/year) was gathered from the mid-pregnancy questionnaire.
Maternal educational attainment data (high school graduate or less, junior
college or vocational college graduate, university graduate or above, and
others) were gathered from a questionnaire response after 1 year
postpartum. Postpartum psychological distress is also an important factor
affecting child development. However, the purpose of this study was to
infer the causality of the combination of neuropsychiatric medication and
psychological stress during pregnancy and children's behavioral problems.
In this context, postpartum psychological distress is positioned as a
intermediate factor in the above causal inference, thus we did not adjust

for postpartum psychological distress as a covariate.

Statistical analysis

We described the characteristics of the participants according to the four
categories of taking neuropsychiatric medications and experiencing
psychological distress during pregnancy. Characteristics are presented
as frequencies and percentages for categorical variables and median and
interquartile range (IQR) for numerical variables. In addition, because only
about 47.3% (n=10,296) of the mother-child pairs who agreed to
participate in the TMM BirThree cohort study (n = 21,750) were included
in our analysis, we performed a dropout analysis, a comparison of
the characteristics of the participants in the analysis with those of the
excluded participants to examine the possibility of selection bias. The
characteristics of the participants according to the two groups of
participants included (n=10,296) and participants not included
(n=11,454) were described, and P-values were obtained from x2 tests
comparing participant characteristics. The variables used in the dropout
analysis were as follows: maternal age at delivery, parity, maternal alcohol
drink, maternal smoking, maternal educational attainment, household
income, paternal smoking, and children's sex. As the main analysis, we
conducted a multivariable logistic regression analysis examining the
association of four categories of taking neuropsychiatric medications and
psychological distress during pregnancy with the children's behavioral
problems at 2 years of age to estimate odds ratios (ORs) and 95%
confidence intervals (Cls). Missing covariates were imputed through

multiple imputations by chained equations using exposure, outcome, and

covariates in each model.*

Twenty sets of quasicomplete data were
independently analyzed in multivariable analyses and the estimates were
integrated.*’ We also performed a sensitivity analysis in which the cutoffs
for K6 were changed to an even more moderate K625 and 9. All
statistical analyses were performed using R (v.4.0.2) and 95% Cls not

crossing 1.00 were considered statistically significant.

RESULTS
Participant characteristics

Participant characteristics according to the four categories of
neuropsychiatric medications and maternal psychological distress
are shown in Table 1. Among the 10,296 mothers, 9,873 (95.9%)
were assessed as “None,” 93 (0.9%) as “Medications only,” 308 (3.0%)
as “K6 213 only,” and 22 (0.2%) as “Both.” Among the 10,296
children, 1158 (11.2%) were assessed with externalizing problems
and 847 (8.2%) were assessed with internalizing problems. Regarding
taking neuropsychiatric medications, in total 115 (“Medications
only” + “Both”) pregnant women had taken neuropsychiatric medica-
tions from the onset of pregnancy to mid-pregnancy. The continuous
Ké scores were higher for “Both,” “Ké > 13 only,” “Medications only,”
and “None,” in that order. A detailed summary of the neuro-
psychiatric medications taken by the 115 pregnant women is given in
Supporting Information Table S1. A detailed summary of the number
of mothers who took neuropsychiatric medications during pregnancy
for psychological distress during mid-pregnancy is given in Support-
ing Information Table S2.

Comparison of characteristics of included and not
included participants

The results of the dropout analysis comparing the characteristics of
included and not-included participants are shown in Supporting
Information Table S3. Mothers excluded from the analysis were
younger, less educated, and had lower incomes, lower rates of
current alcohol drinking, higher rates of current smoking, and higher

rates of partner's current smoking.

Multivariable logistic regression analysis

The associations of the four categories of neuropsychiatric medication
use and maternal psychological distress with children's behavioral
problems at 2 years of age investigated by multivariable logistic regression
are shown in Table 2. After adjusting for possible confounders,
associations are shown for the “Ké = 13 only” category with children's
externalizing problems (OR = 2.54, 95% Cl 1.94-3.32 for Ké = 13 only vs.
None) and internalizing problems (OR=2.30, 95% Cl 1.69-3.12 for
K6 2 13 only vs. None) at 2 years of age but are not shown for women in

the “Medications only” and “Both” groups. The sensitivity analysis results
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TABLE 1 Characteristics of participants according to the four categories of taking neuropsychiatric medications and psychological distress

in pregnancy.

Total
n=10,296

None
n=9873

Medications only
n=93

Ké6 2 13 only
n=308

Both
n=22

Ké score

Median (IQR)

Maternal age, n (%)

<25 (years)

25-30 (years)

30-35 (years)

>35 (years)

Parity, n (%)

Nullpara

Multipara

Maternal alcohol drink, n (%)
Never

Fomer

Current

Maternal smoking, n (%)
Never

Stopped before pregnancy
Stopped after pregnancy
Current

Educational attainment, n (%)
High school graduate or less

Junior college or vocational college
graduate

University graduate or above
Others

Income, n (%)

<4,000,000 (JPY/year)

4,000,000 to <5,999,999
(JPY/year)

26,000,000 (JPY/year)
Paternal smoking, n (%)
Never

Stopped before pregnancy
Stopped after pregnancy
Current

Child's gender, n (%)

Male

Behavioral problems, n (%)
Externalizing problems

Internalizing problems

2.00 (0.05, 5.00)

548 (5.3)
2475 (24.0)
3946 (38.3)
3327 (32.3)

4876 (47.4)
5397 (52.4)

4655 (45.2)
3472 (33.7)
2119 (20.6)

6554 (63.7)

2415 (23.5)

1108 (10.8)
162 (1.6)

2820 (27.4)
3570 (34.7)

2802 (27.2)
24 (0.2)

3322 (32.3)
3325 (32.3)

3238 (31.4)

3102 (30.1)
2490 (24.2)
274 (2.7)
4327 (42.0)

5306 (51.5)

1158 (11.2)
847 (8.2)

2.00 (0.00, 5.00)

508 (5.1)
2335 (23.7)
3815 (38.6)
3215 (32.6)

4645 (47.0)
5205 (52.7)

4459 (45.2)
3321 (33.6)
2044 (20.7)

6329 (64.1)

2299 (23.3)

1044 (10.6)
145 (1.5)

2659 (26.9)
3440 (34.8)

2712 (27.5)
23(0.2)

3122 (31.6)
3222 (32.6)

3144 (31.8)

2989 (30.3)
2401 (24.3)
261 (2.6)
4125 (41.8)

5079 (51.4)

1059 (10.7)
778 (7.9)

4.00 (2.00, 7.00)

3(3.2)
27 (29.0)
29 (31.2)
34 (36.6)

55 (59.1)
38 (40.9)

46 (49.5)
31 (33.3)
16 (17.2)

58 (62.4)

19 (20.4)

12 (12.9)
4 (4.3)

29 (31.2)
28 (30.1)

26 (28.0)
1(1.1)

36 (38.7)
24 (25.8)

27 (29.0)

22 (23.7)
21 (22.6)
6 (6.5)
43 (46.2)

48 (51.6)

12 (12.9)
10 (10.8)

15.00 (14.00, 17.00)

34 (11.0)
107 (34.7)
96 (31.2)
71 (23.1)

166 (53.9)
142 (46.1)

142 (46.1)
110 (35.7)
55 (17.9)

160 (51.9)
89 (28.9)
47 (15.3)
11 (3.6)

124 (40.3)
96 (31.2)

61 (19.8)
0 (0.0)

153 (49.7)
73 (23.7)

64 (20.8)

86 (27.9)
66 (21.4)
6(1.9)
145 (47.1)

168 (54.5)

81 (26.3)
56 (18.2)

17.00 (14.25, 19.75)

3(13.6)
6 (27.3)
6 (27.3)
7 (31.8)

10 (45.5)
12 (54.5)

8 (36.4)
10 (45.5)
4(18.2)

7 (31.8)
8 (36.4)
5(22.7)
2(9.1)

8 (36.4)
6 (27.3)

3 (13.6)
0 (0.0)

11 (50.0)
6 (27.3)

3 (13.6)

5(22.7)

2(9.1)

1(4.5)
14 (63.6)

11 (50.0)

6 (27.3)
3(13.6)

K6, Kessler Psychological Distress Scale; IQR, interquartile range; JPY, Japanese yen.
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TABLE 2 The association of the four categories of taking neuropsychiatric medications and maternal psychological distress (Ké = 13) during
pregnancy with children's behavioral problems at 2 years of age by multivariate logistic regression.

Children's None (n =9873) Medications only (n =93) Ké 2 13 only (n =308) Both (n=22)

behavioral problems Crude OR  Adjusted OR  Crude OR Adjusted OR  Crude OR Adjusted OR  Crude OR Adjusted OR
at aged 2 years (95% Cl) (95% CI)? (95% ClI) (95% CI)? (95% Cl) (95% CI)? (95% Cl) (95% CI)?
Externalizing Ref 1.23 1.14 2.97 2.54 3.12 2.50
problems (0.64-2.18) (0.62-2.12) (2.27-3.84) (1.94-3.32) (1.12-7.61)  (0.96-6.54)
Internalizing Ref 1.41 1.22 2.60 2.30 1.85 1.58
problems (0.68-2.59) (0.63-2.39) (1.91-3.47) (1.69-3.12) (0.43-5.43) (0.45-5.50)

K6, Kessler Psychological Distress Scale; 95% Cl, 95% confidence interval; OR, odds ratio.

2Adjusted for maternal age at delivery, parity, educational attainment, household income, maternal alcohol intake, maternal cigarette smoking, paternal

cigarette smoking, and child's sex.

using cutoff scores of 5 and 9 for the Ké score are given in Supporting
Information Tables S4 and S5, respectively. From the results of sensitivity
analysis, we confirmed the association in the categories of “Ké 2 5 only”
and “Both” with externalizing and internalizing problems in Supporting
Information Table S4. In addition, the “K62=9 only” category was
associated with children's externalizing and internalizing problems as
shown in Supporting Information Table S5. When we excluded children
diagnosed with autism spectrum disorder, cerebral palsy, or chromosomal
abnormalities by age 2 (n = 6), the results did not change.

DISCUSSION

The present study examined whether there was an association
between mothers who had taken neuropsychiatric medications from
the onset of their pregnancy to mid-pregnancy (with or without
maternal psychological distress defined as Ké = 13 at mid-pregnancy)
and their children's behavioral problems at age 2 years. The
definitions of the use of neuropsychiatric medication as “None,”
“Medications only,” “Ké > 13 only,” and “Both” are explained above.
As a result, the category of “Ké = 13 only” was associated with both
internalizing and externalizing problems, with the “None” category as
the reference, while the categories of “Medications only” and "Both"
were not associated with internalizing and externalizing problems.
The association found for the category of “Ké6 =13 only” is
consistent with the findings of previous studies examining the
association between maternal psychiatric symptoms during preg-
nancy and behavioral problems in children.*"1¢ This study also
confirmed this association by a sensitivity analysis using Ké cutoff
scores of 5 and 9. While there are several hypothesized mechanisms
by which maternal psychiatric symptoms during pregnancy affect the
development of the child,>° the major consideration is through
the downregulation of 11B-hydroxysteroid dehydrogenase type 2
(11B-HSD2) gene expression in the placenta.>® Normally, placental
11B-HSD2 protects the fetus from cortisol exposure by inactivating
cortisol. However, 11B3-HSD2 gene expression has been reported to
be downregulated in the placenta by maternal anxiety.>* Exposure of
the fetus to high cortisol levels in utero may cause reprogramming of

the fetal hypothalamus (pituitary) axis, which may adversely affect

child development.>2 The present study reaffirms the importance of
screening for psychological distress during pregnancy and highlights
the importance of adequate management of psychiatric distress using
neuropsychiatric medications.

No association was found in the “Medications only” category in
the present study. One possible explanation for this is that
neuropsychiatric medications themselves might not be significantly
associated with children's behavioral problems in the present
population. However, the present findings cannot be taken as an
argument that maternal neuropsychiatric medications during preg-
nancy benefit children's behavioral problems because the use of
neuropsychiatric medications has a wide range of indications and
situations, and is not always directly related to a reduction in
psychological distress. The results of this study suggest the
importance of accumulating evidence on the risks and benefits of
taking neuropsychiatric medications during pregnancy, considering
maternal mental health conditions.

Even though the “Both” category has the highest Ké scores, no
association was found between this category and children's
behavioral problems. One of the primary explanations for this is the
small sample size of the “Both” category. In addition, point estimates
of the odds ratio for the “Both” category are higher (OR = 2.50 for the
externalizing problems and 1.58 for the internalizing problems).
Similarly, a sensitivity analysis with a cutoff of 9 points for Ké
confirms no association, but the point estimate is higher (OR =1.72
for the internalizing problems and 1.76 for the externalizing
problems), and a sensitivity analysis with a cutoff of 5 points with
the largest sample size in category “Both” confirms an association
with externalizing and internalizing problems. From the above, it is
likely that an association would be detected if the sample size for the
“Both” category increased. In such cases, maternal psychological
distress might not be controlled by neuropsychological medications,
therefore it may be necessary to review the treatment of severe
maternal psychiatric symptoms and the environment surrounding
pregnant women. Although the sample size for both categories was
small, birth cohorts that prospectively collected maternal psychiatric
symptoms and medications during pregnancy were limited. The TMM
BirThree cohort study with 10,296 participants was one of the best
cohorts to conduct this study.
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To the best of our knowledge, this is the first study to examine the
association of a combination of neuropsychiatric medications and
maternal psychological distress during pregnancy with behavioral
problems in children. The strength of this study is the use of
longitudinal birth cohort data containing a rich set of variables, which
allowed us to examine the association while prospectively adjusting for
several confounding factors. However, this study had several limita-
tions. First, because we focused on psychological distress as an
exposure factor, our study is limited in its comparability with previous
studies that have examined the association between maternal
depression or anxiety during pregnancy and behavioral problems in
children. Additionally, psychological distress reflects aspects of both
psychiatric disorders targeted by neuropsychiatric medications and a
wide range of psychological conditions that are not targeted by
neuropsychiatric medication. Second, we could not focus on specific
neuropsychiatric medications such as selective serotonin reuptake
inhibitors. This was due to the small number of pregnant women taking
neuropsychiatric medications in the present population. Future studies
with larger sample sizes are required to overcome this limitation. Third,
of the mother-child pairs who agreed to participate in the TMM
BirThree cohort study, only about 47.3% were included in our analysis,
affecting our results' external validity. In fact, the dropout analysis
confirmed differences in the characteristics of included and excluded
participants (Supporting Information Table S3). The characteristics of
the excluded mother-child pairs were similar to those of the mothers
with psychological distress (Table 1 and Supporting Information
Table S3). Under these circumstances, the results of this study may
underestimate the association between maternal psychological dis-
tress and child behavioral problems. Future studies analyzing popula-
tions with varying characteristics will provide a more detailed
architecture of the association between maternal psychological
distress and behavioral problems. Fourth, we used data on self-
reported neuropsychiatric medication intake, therefore we cannot rule
out the possibility that the mothers were prescribed but not taking
neuropsychiatric medications. Fifth, no information was collected on
psychological support for mothers other than medication, such as
psychosocial therapy. It cannot be ruled out that psychological support
other than medication would adjust the estimation in this study.
Finally, the CBCL was filled out by the caregiver, therefore when a
mother with psychological distress responds to the CBCL, the
possibility of systematic errors in the responses cannot be ruled out.

CONCLUSION

Compared to the group of pregnant women without neuropsychiatric
medications and psychological distress, the group of pregnant
women with psychological distress but without neuropsychiatric
medication had a higher risk of behavioral problems in their children
at 2 years of age. In contrast, the group of pregnant women taking
neuropsychiatric medications but without psychological distress
might have no increased risk of children's behavioral problems at
2 years of age.
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