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Abstract

Negativematernalmental health during pregnancy increases the risk of psychiatric problems in children, but research on the potential benefits
of positive maternal mental health during pregnancy is scarce. We investigated associations between positive maternal mental health
composite score, based on reports of maternal positive affect, curiosity, and social support during pregnancy, and children’s psychiatric
problems (Child Behavior Checklist) at ages 1.9−5.9 and 7.1−12.1 years among 2636 mother–child dyads of the Prediction and Prevention of
Preeclampsia and Intrauterine Growth Restriction study. For each standard deviation higher positive maternal mental health score during
pregnancy, total psychiatric problems were 1.37 (95% confidence interval (CI) −1.79,−0.95) t-scores lower in early childhood and 1.75 (95%
CI −2.24,−1.26) t-scores lower in late childhood. These associations were independent of covariates and of negative maternal mental health.
Total psychiatric problems remained stably lower from early childhood to late childhood in children of mothers with higher positive mental
health during pregnancy, whereas they increased in children of mothers with lower positive mental health. Positive maternal mental health in
child’s late childhood partially mediated the effects of positive maternal mental health during pregnancy on children’s psychiatric problems.
Supporting positive maternal mental health may benefit mothers and children.
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Introduction

Negative maternal mental health during pregnancy, namely
depressive, anxiety, and stress symptoms, have been consistently
associated with internalizing, externalizing, and total psychiatric
problems in children (Lahti et al., 2017; MacKinnon et al., 2018;
Madigan et al., 2018; O’Donnell et al., 2014; Rogers et al., 2020; Van
den Bergh et al., 2020). These associations persist throughout
childhood and adolescence (O’Donnell et al., 2014) and extend also
tomental and behavioral disorders in children (Capron et al., 2015;
Tuovinen et al., 2021).

Despite that the World Health Organization has acknowledged
the role of positive mental health as an important contributor to

psychological well-being (World Health Organization, 2004), a
view that has been echoed more recently by many experts (e.g.,
Henrichs & Witteveen, 2022; Phua et al., 2020), less attention has
been devoted to the potential benefits that positive maternal
mental health during pregnancy, such as positive emotions and
perceived social support, might have for mental health in children.
Positive mental health can be further conceptualized as two
correlated but distinct subdomains of hedonic well-being and
eudaimonic well-being (Joshanloo, 2016; Keyes et al., 2002; Phua
et al., 2020; Ryan & Deci, 2001). Hedonic well-being encompasses
positive affect and life satisfaction, while eudaimonic well-being
encompasses aspects of self-realization such as self-acceptance,
autonomy, mastery, and pursuing life-goals (Keyes et al., 2002;
Westerhof & Keyes, 2010). Additionally, positive mental health
comprises social well-being such as social integration, contribu-
tion, coherence, actualization, and acceptance (Keyes, 1998;
Westerhof & Keyes, 2010). Positive and negative mental health,
although inversely correlated, are independent constructs that can
be seen as two separate continua (Keyes, 2002; Moeller et al., 2018;
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Monteiro et al., 2021; Phua et al., 2017, 2020; Ryff et al., 2006;
Westerhof & Keyes, 2010) that show distinct antecedents
(Monteiro et al., 2021; Westerhof & Keyes, 2010) and biological
correlates (Ryff et al., 2006), and may also co-occur (Keyes, 2002;
Moeller et al., 2018). Therefore, mental health does not merely
indicate the absence of mental illness (Westerhof & Keyes, 2010;
World Health Organization, 2004). Hence, studying the effects of
positive maternal mental health during pregnancy on child
outcomes both independently and in relation to co-occurring
negative maternal mental health is essential, and may contribute to
promoting maternal mental health during pregnancy and
developmental outcomes in children (Henrichs & Witteveen,
2022; Phua et al., 2020).

One prospective birth cohort study in Finnish mothers and
their children has recently contributed to this gap in the literature
(Lähdepuro et al., 2022). In that study, positive maternal mental
health during pregnancy was associated with lower hazards of
mental and behavioral disorders in children followed up from birth
to 8.4−12.8 years, and this association was independent of
maternal depressive symptoms and/or mental disorders before or
during pregnancy (Lähdepuro et al., 2022).

Whereas mental and behavioral disorders represent the more
severe end of the spectrum of psychiatric problems, we know of
only two studies examining whether positive maternal mental
health during pregnancy is associated with dimensionally assessed
psychiatric problems in children (Clayborne et al., 2022; Phua
et al., 2017). Phua and colleagues (2017) investigated the
association between positive maternal mood reported at 26
gestational weeks and infant behavior at 12−18 months among
Singaporean mother–infant dyads. Findings were inconsistent,
showing that positive maternal mood during pregnancy was
associated with lower levels of autism symptoms, but higher levels
of peer aggression, whereas no association was found with other
internalizing or externalizing problems in infants (Phua et al.,
2017). Clayborne and colleagues (2022), in turn, reported that in a
Norwegian cohort of mother–child dyads, maternal self-efficacy at
30 gestational weeks was associated with lower internalizing and
externalizing problems among girls but not boys at 5 years of age.
Furthermore, the association between maternal stress during
pregnancy and internalizing and externalizing problems among
girls was attenuated among mothers with higher self-efficacy
during pregnancy (Clayborne et al., 2022).

To our knowledge, no earlier study has investigated whether
possible associations of positive maternal mental health during
pregnancy with lower psychiatric problems in children persist
beyond early childhood, and whether higher positive maternal
mental health during pregnancy is associated with how children’s
psychiatric problem levels change from early childhood to late
childhood when the incidence of psychiatric problems rises (Solmi
et al., 2021). It also remains unexplored whether the possible
associations of positive maternal mental health and lower
psychiatric problems in children are independent of the negative
effects of negative maternal mental health such as depressive
symptoms andmental disorders, and/or whether positive maternal
mental health mitigates the effects of negative maternal mental
health during pregnancy on child psychiatric problems. We are
also not aware of studies which would have examined whether
positive maternal mental health during offspring’s childhood
mediates the effects of positive maternal mental health during
pregnancy on child mental health.

To address these critical gaps in knowledge, we investigated the
following study questions: (1) is positive maternal mental health
composite score during pregnancy, generated based on biweekly
reports of positive mood, curiosity, and social support, associated
with lower levels of psychiatric problems and with change in
psychiatric problems among children from early childhood (1.9
−5.9 years) to late childhood (7.1−12.1 years), and are these
associations independent of negative maternal mental health; (2)
does positive maternal mental health during pregnancy mitigate
the effects of negative maternal mental health before or during
pregnancy on child psychiatric problems and their change from
early childhood to late childhood; (3) does positive maternal
mental health in the late childhood follow-upmediate the effects of
positive maternal mental health during pregnancy on child
psychiatric problems; and (4) does child sex moderate the effects
of positive maternal mental health, since previous literature has
implicated that positive maternal mental health during pregnancy
may confer benefits particularly for girls (Clayborne et al., 2022).

Materials and methods

Participants

Our study cohort, the prospective Prediction and Prevention of
Preeclampsia and Intrauterine Growth Restriction (PREDO) study
(Girchenko et al., 2017), recruited pregnant women during their
first ultrasound screening visit between 12þ 0 and 13þ 6
gestational weeksþdays at ten study hospitals in Southern and
Eastern Finland. Of the recruited women, 4777 gave birth to a
singleton live child between 2006 and 2010. Of this original cohort,
1079 (22.6%) were recruited based on a known risk factor status for
preeclampsia/intrauterine growth restriction, and 3698 (77.4%)
were recruited regardless of the risk status. Participating mother–
child dyads in the whole PREDO cohort were similar to the Finnish
population regarding key birth outcomes and the prevalence of
gestational diabetes; however, the participating mothers were
slightly older and more often multiparous, obese and with
hypertensive pregnancy disorders in current pregnancy, and
smoked less often throughout their pregnancies (Girchenko
et al., 2017).

Subsequently, three women withdrew their consent for the
study. Of the 4774 participating women, 3402 (71.3%) reported
their positive and negative mental health biweekly throughout
pregnancy. In 2011−2012, 4586mother–child dyads of the original
cohort that could be traced were invited to a follow-up including a
questionnaire on child psychiatric problems. Of the 3402 mothers
who had completed the mental health questionnaires during
pregnancy, 2296 (67.5%) provided follow-up data at the child’s age
of 1.9−5.9 years (early childhood; median 3.5 years, interquartile
range (IQR) 3.0−4.1 years). In 2016−2018, 4505 mother–child
dyads with available contact information were again invited to a
follow-up. At this follow-up, 2001 (58.8%) of the 3402 mothers
who had completed the pregnancy questionnaire provided follow-
up data at the child’s age of 7.1−12.1 years (late childhood; median
9.4 years, IQR 8.9−10.1 years). Altogether, 2636 mother–child
dyads provided data in at least one of the child follow-ups and 1661
provided data in both, with the median length between the follow-
ups being 6.05 years (IQR 5.87−6.13 years).

Compared to non-participants of the initial PREDO cohort, the
mothers providing data in either of the child follow-ups were older,
more often with a higher education level, primiparous, married or
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cohabiting, reported more often substance use during early
pregnancy, and were less likely to have cardio-metabolic
conditions during pregnancy or diagnosed mental disorders
during their lifetime (Supplementary Table 1 in the Appendix).

The PREDO study protocol was approved by the Ethics
Committee of the Helsinki and Uusimaa Hospital District. All
participating women signed written informed consents, enabling
the linkage of data with nationwide register data for them and their
children.

Measures

Positive maternal mental health during pregnancy and in the
late childhood follow-up

Mothers reported their positive mental health with biweekly paper
questionnaires up to 14 times throughout pregnancy, from
gestational weeks 12−13 to 38−39/delivery, and again once at
the child’s age of 7.1−12.1 years (late childhood). The positive
affect scale of the Positive and Negative Affect Schedule (PANAS)
(Watson et al., 1988) and the Curiosity scale of the Spielberger
State-Trait Anxiety Inventory, state version (STAI) (Spielberger,
1983) were used to assess positive emotions. The PANAS
comprises 10 positive affect items (e.g. “enthusiastic”, “inspired”)
rated on a 5-point scale according to how strongly the respondent
currently experiences the affect (from “not at all” (1) to “very
much” (5)), thus ranging from 0 to 50. The STAI Curiosity scale
comprises 10 positively worded items (e.g. “I feel calm”, “I feel self-
confident”) rated similarly on a 4-point scale (from “not at all” (1)
to “very much” (4)), thus ranging from 10 to 40 (Spielberger &
Reheiser, 2009).

The PANAS scale has been described to reflect feelings of
enthusiasm, activeness, alertness, and high energy (Watson et al.,
1988) and to measure hedonic well-being (Ryff et al., 2006),
whereas the STAI Curiosity scale focuses on general well-being,
contentment, self-confidence, and interest in exploratory behavior
(Kvaal et al., 2001; Phua et al., 2017; Spielberger & Reheiser, 2009),
and hence reflects both hedonic and eudaimonic well-being. In
addition, to assess perceived social support as an aspect of social
well-being, we used a visual analog scale (VAS) in which the
mothers marked how much support they felt they had received
from others during the past two weeks (from “not at all” (lower
end) to “very much” (higher end)).

Previous evidence shows that the PANAS and the STAI
Curiosity scales have good psychometric properties (Crawford &
Henry, 2004; Lähdepuro et al., 2022; Sinesi et al., 2019; Spielberger,
1983; Watson et al., 1988). In our sample, the scales showed good
internal consistencies, α=.91−.94 for PANAS and α=.94−.95 for
STAI Curiosity across pregnancy. Evidence also shows that
PANAS, STAI, and VAS all show high continuity throughout
pregnancy (Lähdepuro et al., 2022); also in our study sample, the
scales showed high consistency across pregnancy (r= 0.47−0.74
for PANAS, r= 0.45−0.69 for STAI Curiosity, and r= 0.39−0.76
for VAS between different assessments). Thus, we calculated
pregnancy-trimester-weighted mean scores across all available
observations during pregnancy (Pesonen et al., 2016). The scales
have also been shown to be highly interrelated and to form a single
principal component (Lähdepuro et al., 2022; Verner et al., 2021).
Similarly to the approach used in these previous studies, we
generated principal component scores of positive maternal mental
health separately for the pregnancy and late childhood assess-
ments, described in detail in the Statistical analyses section.

Negative maternal mental health before or during pregnancy
and until early childhood and late childhood follow-ups

Simultaneously to completing the questionnaires addressing
positive mental health during pregnancy, the mothers assessed
their depressive symptoms with the Center for Epidemiologic
Studies Depression Scale (CES-D) (Radloff, 1977). The CES-D
comprises 20 items that are rated from none (0) to all (3) of the
time during the past week. The total score can range from 0 to 60,
higher score indicating more severe depressive symptoms. The
CES-D has excellent psychometric properties (Radloff, 1977),
including among pregnant women (Lahti et al., 2017; Nast et al.,
2013). In our sample, CES-D showed good internal consistency,
α=.89−.92 across pregnancy. As the CES-D scores show high
continuity throughout pregnancy (Lahti et al., 2017), we calculated
a pregnancy-trimester-weighted mean score across all available
observations (Pesonen et al., 2016). Previous research suggests that
a cutoff score of 16 identifies individuals at risk for clinically
relevant depressive symptoms with high sensitivity (Radloff, 1977;
Vilagut et al., 2016).

We identified maternal lifetime mental disorder diagnoses until
(i) childbirth, (ii) the early childhood, and (iii) late childhood
follow-ups from the Finnish nationwide Care Register for Health
Care (HILMO), which is a validated research tool in general and
particularly for research on mental disorders (Sund, 2012). The
HILMO diagnoses are based on the International Classification of
Diseases 8th (ICD-8; codes 290−315) and 9th (ICD-9; codes 290
−319) Revisions and the International Statistical Classification of
Diseases and Related Health Problems 10th (ICD-10; codes F00
−F99) Revision. Primary and subsidiary diagnoses of all hospital
treatments in Finland were available from 1969 and of all
outpatient treatments in public specialized medical care in Finland
were available from 1998. Our diagnostic phenotype was thus any
lifetime diagnosed mental disorder, identified from the HILMO
register with the abovementioned diagnostic codes.

In our analyses where we addressed whether the associations
between positive maternal mental health during pregnancy and
child psychiatric problems were independent of negative maternal
mental health, we generated a combined dichotomous negative
mental health variable which identified mothers with clinically
relevant depressive symptoms (CES-D≥16) during pregnancy
and/or those with a lifetime diagnosed mental disorder by the early
childhood or late childhood follow-up (yes vs. no). In the analyses
in which we tested whether positive maternal mental health
mitigated the effects of negative maternal mental health on child
psychiatric problems and their change, we examined maternal
CES-D scores during pregnancy as a continuous variable and
identified mental disorder diagnoses until childbirth, and studied
them separately and also using the combination variable (CES-
D≥16 and/or mental disorder diagnosis, yes vs. no).

Women who were diagnosed with mental disorders by the late
childhood follow-up reported significantly higher levels of
depressive symptoms during pregnancy (mean difference 0.58
SD units; p< .001) and had higher odds of reporting clinically
relevant depressive symptoms during pregnancy (odds ratio 2.79,
95% confidence interval (CI) 2.21−3.51, p< .001).

Psychiatric problems in children

Mothers assessed their children’s psychiatric problems with age-
appropriate versions of the Child Behavior Checklist (CBCL) at
two follow-ups: CBCL for ages 1½−5 years (CBCL/1½−5)
(Achenbach & Rescorla, 2000) at the early childhood follow-up
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and CBCL for ages 6−18 years (CBCL/6−18) (Achenbach &
Rescorla, 2001) at the late childhood follow-up. The scales
comprise 99 and 119 caregiver-rated problems, respectively,
ranging on a three-point scale from “not true” (0) to “very true/
often true” (2). Both scale versions show excellent validity and
reliability (Achenbach & Rescorla, 2001, 2000; Kristensen et al.,
2010; Rescorla, 2005).

CBCL scores were converted to age- and sex-standardized t-
scores according to the manuals, enabling us to investigate change
in psychiatric problems across the two follow-ups. Both CBCL
versions yield three main scales, namely total, internalizing, and
externalizing problems (Achenbach & Rescorla, 2001, 2000). We
used total problems in children as our main outcome and the
subscales of internalizing and externalizing problems as our
secondary outcomes. According to Achenbach and colleagues,
internalizing problems reflect emotional reactivity, anxiety,
depression, withdrawal, and somatic complaints, and externalizing
problems reflect impulsivity, aggression, and rule-breaking
behavior (Achenbach et al., 2016; Achenbach & Rescorla, 2000).
The total problems scale encompasses internalizing and external-
izing problems and additional scales such as attention and social
problems, thus capturing general psychopathology (Achenbach
et al., 2016; Achenbach & Rescorla, 2000). The internal
consistencies of the total, internalizing, and externalizing problem
scales were α = .94, α = .83, and α = .90 in the early childhood
follow-up and α = .95, α = .83, and α = .91 in the late childhood
follow-up, respectively.

Covariates

Mother-related covariates included age at delivery (years), parity
(primiparous/multiparous), family structure (cohabiting or mar-
ried/single parent), cardio-metabolic pregnancy conditions (none /
early pregnancy body mass index [BMI] ≥ 25kg/m2, chronic
hypertension, preeclampsia, gestational hypertension or unspeci-
fied hypertension in current pregnancy [ICD-10: I10, O10–O11,
O13−O16], and/or type 1 or type 2 diabetes or gestational diabetes
in current pregnancy [ICD-10: E08−E14, O24] / hypertension or
gestational diabetes only before current pregnancy or early
pregnancy BMI < 18.5 kg/m2), and smoking (no smoking/smoked
in early pregnancy). Child-related covariates included sex, age at
follow-up assessment, gestational age (weeks), and birth weight
(grams). Data on these covariates were derived from the Finnish
nationwide Medical Birth Register (Gissler et al., 1997), medical
records, and/or the HILMO.

In addition, two covariates used mother-reported data:
maternal education level and alcohol use in early pregnancy.
Mothers reported on their highest achieved education level in early
pregnancy and at both follow-ups, and the most recently reported
education level (basic or secondary/lower tertiary/upper tertiary)
was used in the analyses. Mothers also reported their alcohol
consumption in early pregnancy (yes/no). Maternal smoking and
alcohol use during early pregnancy were combined into a variable
indicating any substance use in early pregnancy (yes/no).

Statistical analyses

Before proceeding to analyses testing associations between positive
maternal mental health and child psychiatric problems in early
childhood and late childhood, we created weighted principal
component scores of the PANAS, STAI curiosity, and VAS scales,
which were highly interrelated during pregnancy (r= .40−.67,
p< .001) and in late childhood (r= .29−.61, p< .001). The

principal component scores were created to reduce the dimen-
sionality of the data, while retaining maximum variance and
statistical power. We used eigenvalue criterion 1 to extract the
principal components. In line with previous findings (Lähdepuro
et al., 2022; Verner et al., 2021), one component explained 66.7%
(eigenvalue 2.0) and 60.7% (eigenvalue 1.8) of the total variance
during pregnancy and in late childhood, respectively. The scales
showed high loadings on these components both during pregnancy
(loadings 0.87, 0.87 and 0.70 for PANAS, STAI Curiosity and VAS,
respectively) and in offspring’s late childhood (loadings 0.85, 0.85
and 0.61 for PANAS, STAI Curiosity and VAS, respectively).

The positive maternal mental health composite scores and child
psychiatric problem scores followed normal distributions, whereas
continuous CES-D scores were square root transformed to account
for skewness. The continuous variables of positive and negative
maternal mental health are expressed in standard deviation units
to facilitate the interpretation of effect sizes.

The statistical methods applied for each study question are
described below, numbered according to the study questions
presented in the Introduction.

1) First, associations between positive maternal mental health
composite score during pregnancy and total psychiatric problems
in children in early childhood (1.9−5.9 years) and in late childhood
(7.1−12.1 years) were investigated with linear regression analyses.
These analyses were adjusted for child sex and age at assessment
(Model 1) and additionally for child birth weight and gestational
age andmaternal parity, marital status, age at childbirth, education
level, substance use, cardio-metabolic conditions, and the
combined negative maternal mental health variable which
identified negative mental health by the early childhood and late
childhood follow-ups (Model 2). Similarly, we investigated
associations with the secondary outcomes of internalizing and
externalizing problems, adjusting for the same covariates.

To study whether positive maternal mental health during
pregnancy was associated with change in the children’s total
psychiatric problems from early childhood to late childhood, we
used linear mixed models for longitudinal data. In these analyses,
only children with both CBCL assessments available (n= 1661)
were included. Total psychiatric problems in early childhood and
in late childhood represented the within-person outcome, positive
maternal mental health composite score was the between-person
predictor, child age at the two follow-ups the within-person
predictor, and their interaction addressed the question of change.
Where significant interactions between positive maternal mental
health and child age occurred, we ran two separate sub-analyses,
which studied change in psychiatric problems from early child-
hood to late childhood among children of mothers reporting lower
(below median) and higher (at/above median) levels of positive
mental health. We used compound symmetry covariance structure
for our repeated within-person predictor, which allows for
correlation between the two separate measurements, and adjusted
these analyses for child sex.

2) To investigate whether the effects of positivematernal mental
health mitigated the effects of negative maternal mental health
before or during pregnancy on child psychiatric problems, we ran
linear regression analyses with the child’s total psychiatric
problems in early childhood and late childhood as the outcomes
and included an interaction term of positive maternal mental
health and negative maternal mental health. We ran three separate
interaction models in which CES-D scores were treated as
continuous, mental disorders as dichotomous, and combined
negative maternal mental health as dichotomous. We then
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conducted subgroup analyses in which we studied the effects of
positive maternal mental health among children of mothers with
and without negative mental health before or during pregnancy.
These analyses were adjusted for child sex and age.

To further investigate whether positive maternal mental health
mitigated the effects of negative maternal mental health on the
change in psychiatric problems among children from early
childhood to late childhood, we applied linear mixed models as
described above and included three-way interaction terms between
child age, positive maternal mental health, and negative maternal
mental health. We again ran three separate interaction models in
which CES-D scores were treated as continuous, mental disorders
as dichotomous, and combined negative maternal mental health as
dichotomous. We then investigated the change in psychiatric
problems from early childhood to late childhood among children
of mothers reporting lower (below median) and higher (at/above
median) levels of positive mental health in the subgroups of
mothers with and without negative mental health before or during
pregnancy.

3) We also investigated whether positive maternal mental
health in the late childhood follow-up mediated the association
between positivematernal mental health during pregnancy and the
child’s total psychiatric problems in late childhood. Mediation
analyses were conducted using the Process Macro 3.5.3 for SPSS
(Hayes, 2022), a regression-based method for observed variables
that uses bootstrapping with 5000 resamples with replacement and
bias corrected confidence intervals to assess the presence of an
indirect effect via a mediator (Abu-Bader & Jones, 2021; Hayes &
Scharkow, 2013; Hayes, 2009, 2022; Igartua & Hayes, 2021). The
benefits of the mediation analysis method described in the Process
macro include robustness regarding statistical assumptions, higher
study power and a lower risk of falsely rejecting the null hypothesis
(Abu-Bader & Jones, 2021; Hayes & Scharkow, 2013; Hayes, 2009;
Igartua & Hayes, 2021), and this method produces essentially
identical results with structural equation modeling mediation
models in analyses including solely observed variables (Hayes et al.,
2017; Pek & Hoyle, 2016).

4) Finally, since an earlier study found sex specific associations
between positive maternal mental health during pregnancy and
psychiatric problems in children (Clayborne et al., 2022), we also
investigated whether any interactions occurred between positive
maternal mental health and child sex when predicting child total
problems in linear regression analyses.

As missing data on covariates was minimal (Table 1; max. 0.2%
of data missing for the covariates), a complete-case approach was
used. A two-sided p-value of< .05 was considered statistically
significant. Statistical analyses were conducted with IBM SPSS
Statistics 29 and with Stata 17.

Results

Table 1 shows characteristics of the mother–child dyads
participating in the follow-up in early childhood (1.9−5.9 years)
and late childhood (7.1−12.1 years), and of the mother–child
dyads participating in both follow-ups. Psychiatric problems
among children showed continuity over the two follow-ups
(correlations for CBCL t-scores r= .55 for total problems, r= .44
for internalizing problems, and r= .51 for externalizing problems;
p< .001 for all correlations). Supplementary Table 2 in the
Appendix shows associations of the covariates with total problems
in children in early childhood and in late childhood. Children of
younger, primiparous and single mothers, of mothers with lower

education level and substance use, as well as children who were
younger, boys, and with lower birth weight, scored higher on total
psychiatric problems in early childhood and/or late childhood.
Supplementary Table 3 shows the associations of negativematernal
mental health with total problems in children in early childhood
and in late childhood. Children of mothers with depressive
symptoms during pregnancy, mental disorders before or during
pregnancy, or clinically relevant depressive symptoms and/or
mental disorders by childhood follow-up scored higher on total
psychiatric problems. Moreover, Supplementary Table 4 shows
thatmothers who reported clinically relevant depressive symptoms
during pregnancy and who had mental disorders before or during
pregnancy also scored lower on the positive mental health
composite score during pregnancy.

Positive maternal mental health during pregnancy and
psychiatric problems in early childhood and in late childhood

Analyses addressing the first study questions showed that higher
positive maternal mental health composite score during pregnancy
was associated with lower total psychiatric problem t-scores in
children at both follow-ups (Table 2). All associations were
independent of covariates, including several sociodemographic
characteristics as well as the combined negative maternal mental
health variable. Supplementary Table 5 shows the associations of
the independent variables and covariates with child psychiatric
problems in the full Model 2. Supplementary Table 6 shows that
the associations between positive maternal mental health and child
psychiatric problems were similar for internalizing and external-
izing problems.

Linear mixed models showed that positive maternal mental
health composite score interacted significantly with the age of the
child at follow-up in predicting total psychiatric problems in
children (B=−0.10, 95% CI −0.17, −0.02 for interaction; p= .01;
Fig. 1). Subgroup analyses indicated that the total problems t-
scores remained at a stably lower level from early childhood to late
childhood among children of mothers with higher levels of positive
mental health during pregnancy (composite score at or above
median), whereas the t-scores were higher and increased among
children of mothers with lower levels of positive mental health
during pregnancy (composite score below median) (Fig. 1).

Mitigation of negative maternal mental health effects by
positive maternal mental health

Analyses addressing the second study question showed that
positive maternal mental health during pregnancy did not interact
significantly with continuous CES-D scores, dichotomous variable
of mental disorder diagnosis before or during pregnancy, or the
combined dichotomous variable of negative mental health before
and during pregnancy in predicting child total psychiatric
problems in early childhood or in late childhood (p-values for
all interactions> .21; Table 3). Table 3 shows that positive
maternal mental health was associated with lower total psychiatric
problems in children whosemothers had and did not have negative
mental health before or during pregnancy, except in the subgroup
of children whose mothers had clinically relevant depressive
symptoms during pregnancy, in which subgroup the association
was not significant.

Three-way interaction analyses addressing whether positive
maternal mental health mitigated the effects of negative maternal
mental health on the change in psychiatric problems showed a
significant interaction between positive maternal mental
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Table 1. Characteristics of the participants with available data for the follow-up at early childhood (child age 1.9–5.9 years) and at late childhood (child age 7.1–12.1
years), and of the participants with available data for both follow-ups

Early childhood follow-up
(n= 2296)

Late childhood
follow-up (n= 2001)

Data available for both
follow-ups (n= 1661)

Mean (SD)/No. (%) Mean (SD)/No. (%) Mean (SD)/No. (%)

Maternal characteristics

Age at childbirth, mean (SD), years 31.86 (4.61) 32.02 (4.55) 31.99 (4.52)

Education level, no. (%)

Primary or secondary 645 (28.1) 505 (25.2) 405 (24.4)

Lower tertiary 721 (31.4) 631 (31.5) 521 (31.4)

Upper tertiary 930 (40.5) 865 (43.2) 735 (44.3)

Marital status, no. (%)

Single 42 (1.8) 36 (1.8) 28 (1.7)

Married or cohabiting 2250 (98.0) 1962 (98.1) 1630 (98.1)

Unknown 4 (0.2) 3 (0.1) 3 (0.2)

Parity, no. (%)

Primiparous 968 (42.2) 820 (41.0) 686 (41.3)

Multiparous 1328 (57.8) 1181 (59.0) 975 (58.7)

Substance use during early pregnancy, no. (%)

Yes 467 (20.3) 401 (20.0) 324 (19.5)

No 1829 (79.7) 1600 (80.0) 1337 (80.5)

Cardio-metabolic pregnancy conditionsa), no. (%)

Yes 938 (40.9) 815 (40.7) 661 (39.8)

No 1188 (51.7) 1049 (52.4) 879 (52.9)

Other/only before current pregnancy 170 (7.4) 134 (6.7) 121 (7.3)

Unknown – 3 (0.1) –

Any mental disorder

Diagnosed before or during pregnancyb), no. (%)

Yes 187 (8.1) 153 (7.6) 129 (7.8)

No 2109 (91.9) 1848 (92.4) 1532 (92.2)

Diagnosed by early childhood/late childhood follow-upb), no. (%)

Yes 240 (10.5) 278 (13.9) 233 (14.0)

No 2056 (89.5) 1723 (86.1) 1428 (14.0)

Depressive symptoms during pregnancy (CES-D), mean (SD) 11.39 (6.37) 11.21 (6.27) 11.18 (6.26)

Clinically relevant symptoms (≥16), no. (%) 489 (21.3) 406 (20.3) 332 (20.0)

Below clinically relevant symptoms (<16), no. (%) 1807 (78.7) 1595 (79.7) 1329 (80.0)

Positive mental health during pregnancy, mean (SD)

Positive affect (PANAS) 30.15 (6.76) 30.11 (6.69) 30.09 (6.71)

Curiosity (STAI) 31.49 (4.84) 31.59 (4.77) 31.66 (4.76)

Social support (VAS), mm (range 0–65) 44.33 (11.07) 44.51 (10.91) 44.49 (10.95)

Positive mental health in child’s late childhood, mean (SD)

Positive affect (PANAS) 31.04 (8.31)

Unknown, no. (%) 17 (0.8)

Curiosity (STAI) 32.46 (5.77)

Unknown, no. (%) 12 (0.6)

Social support (VAS), mm (range 0–65) 38.01 (17.66)

Unknown, no. (%) 31 (1.5)

(Continued)
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health × continuous CES-D score during pregnancy × child age
(Supplementary Table 7). Further analyses among mothers
reporting clinically relevant depressive symptoms during preg-
nancy showed that in this subgroup, child total psychiatric
problems did not increase if the mother reported higher levels of
positive mental health during pregnancy, whereas they increased if
the mother reported lower levels of positive mental health during
pregnancy (Supplementary Figure 1, Panel A). Total problems did
not increase from early childhood to late childhood in children of
mothers with lower than clinically relevant depressive symptoms,
regardless of whether the mother reported higher or lower positive
mental health during pregnancy (Supplementary Figure 1, Panel
B). There were no significant three-way interactions regarding
other indicators of negative maternal mental health
(Supplementary Table 7; Supplementary Figure 1, Panels C− F).

Positive maternal mental health in late childhood as a
mediator

Before we proceeded to testing our third study question addressing
mediation, we tested the associations between positive maternal

mental health composite score measured during pregnancy and in
the late childhood follow-up (unstandardized b= 0.49, 95% CI
0.45, 0.53; p< .001), and in the late childhood follow-up between
the positive maternal mental health composite score and child total
psychiatric problems (unstandardized b=−3.08, 95% CI −3.51,
−2.65; p< .001). Both associations were significant.

Positive maternal mental health composite score in the late
childhood follow-up partially mediated the association between
the positive maternal mental health composite score during
pregnancy and total psychiatric problems among children in late
childhood (Fig. 2). The effect size proportion mediated was 66.7%.

Interactions with child sex

Analyses addressing the fourth study question showed that positive
maternal mental health during pregnancy and child sex showed no
interactions on child total psychiatric problems in early childhood
(all p-values≥ .15) or in late childhood (all p-values≥ .46;
Supplementary Table 8). Supplementary Table 8 also shows that
there were no such interactions either when we examined child
internalizing and externalizing problems.

Table 1. (Continued )

Early childhood follow-up
(n= 2296)

Late childhood
follow-up (n= 2001)

Data available for both
follow-ups (n= 1661)

CHILD CHARACTERISTICS

Sex, no. (%)

Girl 1135 (49.4) 979 (48.9) 823 (49.5)

Boy 1161 (50.6) 1022 (51.1) 838 (50.5)

Birth weight, mean (SD), g 3521.22 (510.82) 3527.29 (511.07) 3525.78 (506.05)

Unknown, no. (%) 3 (0.1) 5 (0.2) –

Gestational age at birth, mean (SD), weeks 39.90 (1.56) 39.94 (1.50) 39.92 (1.51)

Psychiatric problems (CBCL), t-score, mean (SD)c)

Total problems 46.37 (9.16) 46.80 (10.22) 46.60 (9.62)

Internalizing problems 45.82 (9.43) 49.54 (9.76) 47.73 (9.70)

Externalizing problems 47.48 (9.09) 47.93 (9.88) 47.70 (9.45)

CES-D= Center for Epidemiologic Studies Depression scale; CBCL= Child Behavior Checklist; mm=millimeters; PANAS= positive and negative affect schedule; SD= standard deviation; STAI=
Spielberger State Anxiety Inventory; VAS= visual analog scale.
aCardio-metabolic pregnancy conditions included early pregnancy body mass index [BMI]≥25kg/m2, chronic hypertension, preeclampsia, gestational hypertension or unspecified hypertension
in current pregnancy [ICD-10: I1, 010-011, O13-O16], and/or type 1, type 2, or gestational diabetes [ICD-10: E08-E14, O24].
bAll mental and behavioral disorder diagnoses classified using the International Classification of Diseases, 8th (ICD-8; codes 290-315) and 9th (ICD-9; codes 290-319) Revisions and the
International Statistical Classification of Diseases and Related Health Problems, 10th (ICD-10) Revision (codes F00-F99).
cPsychiatric problems at each follow-up and the mean of the two follow-ups for those with available data for both follow-ups.

Table 2. Associations between positive maternal mental health and total psychiatric problems among children in early childhood and in late childhood

Total problems

Early childhood (n= 2296) Late childhood (n= 2001)

B 95%CI p B 95%CI p

Positive maternal mental health composite score

Model 1 −1.61 −1.98, −1.24 < .001 −2.03 −2.46, −1.59 < .001

Model 2 −1.37 −1.79, −0.95 < .001 −1.75 −2.24, −1.26 < .001

CI= confidence interval.
Model 1 is adjusted for child sex and age at assessment of psychiatric problems.
Model 2 is adjusted for covariates of Model 1 and child’s birthweight and gestational age,maternal age,marital status, education level, parity, substance use during pregnancy, cardio-metabolic
pregnancy conditions, and negative mental health, i.e., clinically relevant depressive symptoms (CES-D) during pregnancy and/or mental disorders by the child’s early childhood and late
childhood follow-ups.
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Figure 1. Change in total psychiatric problems
t-scores from early childhood to late childhood
among children of mothers with lower (below
median) and higher (at or above median) levels
of positivemental health composite score during
pregnancy. Analyses are adjusted for child’s sex,
and conducted among mother–child dyads with
psychiatric problems data available at both
follow-ups (n= 1661).

Table 3. Interactions between positive maternal mental health composite score and negative maternal mental health, and main effects of positive maternal mental
health composite score on child total psychiatric problems in the subgroups of mothers with and without negative mental health

Total problems

Early childhood (n= 2296) Late childhood (n= 2001)

Interactions B 95%CI p
Interaction B

(95%CI) B 95%CI p
Interaction B

(95%CI)

Positive maternal mental health × Continuous
CES-D score

0.18 (−0.10, 0.46) −0.18 (−0.52, 0.17)

Main effects of positive maternal mental health
composite score

In children of mothers who do not have clinically
relevant depressive symptoms (CES-D<16)

−0.88 -1.36, −0.41 < .001 −1.19 −1.75, −0.64 < .001

In children of mothers who have clinically relevant
depressive symptoms (CES-D≥16)

0.53 −0.50, 1.55 .31 −0.52 −1.83, 0.79 .43

Positive maternal mental health × Maternal
mental disorders before or during pregnancy

−0.84 (−2.15, 0.47) −1.01 (−2.55, 0.54)

Main effects of positive maternal mental health
composite score

In children of mothers who do not have mental
disorder before/during pregnancy

−1.52 −1.91, −1.13 < .001 −1.85 −2.31, −1.39 < .001

In children of mothers who have mental disorders
before/during pregnancy

−2.31 −3.64, .0.99 < .001 −2.88 −4.51, −1.26 < .001

Positive maternal mental health × Maternal
clinically relevant depressive symptoms and/or
mental disorders before or during pregnancy

−0.20 (−1.14, 0.75) −0.48 (−1.62, 0.65)

Main effects of positive maternal mental health
composite score

In children of mothers who do not have clinically
relevant depressive symptoms and/or mental
disorders before or during pregnancy

−0.84 −1.33, −0.36 < .001 −1.16 −1.74, −0.59 < .001

In children of mothers who have clinically relevant
depressive symptoms and/or mental disorders
before or during pregnancy

−0.99 −1.83, −0.15 .02 −1.62 −2.64, −0.59 .002

CES-D = Center for Epidemiologic Studies Depression scale; CI= confidence interval.
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Discussion

In this prospective pregnancy cohort study among 2636 mother–
child dyads, higher level of positive maternal mental health during
pregnancy, defined as positive emotions, curiosity, and perceived
social support, was associated with lower levels of total psychiatric
problems among children both in early childhood and in late
childhood. These associations were independent of negative
maternal mental health before or during pregnancy and/or by
early childhood and late childhood. The associations were similar
for child’s internalizing and externalizing problems. Total
psychiatric problems from early childhood to late childhood
remained stably lower among children whose mothers reported at
or above median levels of positive mental health during pregnancy,
whereas among children of mothers reporting below median levels
of positive mental health during pregnancy, the psychiatric
problem scores increased from early childhood to late childhood.
The associations between positive maternal mental health during
pregnancy and lower total psychiatric problems in children were
detected also amongmothers with negative mental health before or
during pregnancy. Furthermore, positive maternal mental health
in the late childhood follow-up mediated 66.7% of the effect of
positive maternal mental health during pregnancy on total
psychiatric problems in late childhood. Taken together, these
findings suggest that positive maternal mental health during
pregnancy may have longitudinal benefits for all children,
regardless of their exposure to negative maternal mental health
before or during pregnancy or in childhood, and that a large
proportion of this benefit is mediated by positive maternal mental
health continuing later in offspring’s childhood.

These findings are in line with an earlier Finnish study which
reported that positive maternal mental health during pregnancy
was associated with lower hazard ratios of mental and behavioral
disorders in a follow-up from birth until 8.4−12.8 years and that
these associations were independent of negative maternal mental
health (Lähdepuro et al., 2022). The current results also correspond
with those of a recent Norwegian study reporting an association
between maternal self-efficacy during pregnancy and lower
internalizing and externalizing problems at age 5 years, however,
the earlier study reported the association only among girls
(Clayborne et al., 2022). Also only among girls, this earlier study
demonstrated in line with our findings that the associations were
independent of maternal stress during pregnancy (Clayborne
et al., 2022). Our study did not detect sex differences in the
associations.

Our findings are also partly in line with the Singaporean study
reporting an association between positive maternal mental health
during pregnancy and lower autism symptoms in infants. In
contrast to our findings, this previous study found no associations
with infant internalizing and externalizing problems, except for a
surprising association with higher peer aggression (Phua et al.,
2017). The Singaporean study did not report whether associations
were independent of or mitigated the effects of negative maternal
mental health (Phua et al., 2017). In both of these previous studies,
mothers reported their mental health only once during pregnancy,
whereas our study covered the whole of pregnancy. Moreover, we
followed up the children twice, in early childhood and in late
childhood. It is possible that the associations between positive
maternal mental health and psychiatric problems in children
become more evident as the children mature, as the incidence of
psychiatric problems, particularly clinically significant psychiatric
problems becomes more evident when children reach later
childhood (Solmi et al., 2021). For example, the peak age of onset
for neurodevelopmental and anxiety disorders is estimated to be
5.5 years, and the peak age of onset for mood disorders is 20.5 years
(Solmi et al., 2021).

The increasing prevalence of psychiatric problems according to
the child’s age may also explain the increase in levels of total
psychiatric problems from early childhood to late childhood in
children of mothers with low positive mental health during
pregnancy. This appeared to be the case, even though the total
psychiatric problems scores were already significantly higher in
early childhood compared with the scores of children of mothers
with higher levels of positive mental health during pregnancy.
Alternatively, this finding may also reflect continuity of low
positive maternal mental health from pregnancy to childhood,
which our study demonstrated, and hence accumulation of
adversity.

Our findings on the lack of interaction effects between positive
and negative maternal mental health suggest that the effects of
positive maternal mental health are similar at different levels of
negative maternal mental health. This indicates that positive
maternal mental health may mitigate at least some of the effects of
negative mental health on child psychiatric problems.
Furthermore, our findings on the interaction between positive
maternal mental health during pregnancy and child age when
predicting psychiatric problems among children of mothers with
clinically relevant depressive symptoms suggest that positive
maternal mental health may mitigate the effects of maternal
depressive symptoms during pregnancy on the increase in

Figure 2. Associations between positive maternal men-
tal health composite score during pregnancy and child’s
total psychiatric problems in late childhood are partially
mediated by positive maternal mental health in the late
childhood follow-up (n= 1962).
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psychiatric problems from early childhood to late childhood.
While interesting, this finding needs to be replicated in larger
samples of women and their children.

High continuity of positive maternal mental health from
pregnancy to the child’s late childhood was also reflected in our
findings, which showed that positive maternal mental health in
the late childhood follow-up partially mediated the associations
between higher levels of positive maternal mental health during
pregnancy and lower psychiatric problems in children. While
earlier studies have shown that negative maternal mental health
after pregnancy partly mediates the associations between
negative maternal mental health during pregnancy and psychi-
atric problems in children (Hentges et al., 2019; Lahti et al.,
2017), our study is to our knowledge the first to demonstrate
that similar mediation is present also for positive maternal
mental health. Even though positive maternal mental health in
offspring’s late childhood mediated a sizeable proportion, 66.7%,
of the effect of positive maternal mental health during pregnancy
on child psychiatric problems, this mediation was partial. Hence
positive maternal mental health during pregnancy also had a
significant direct effect on lower total psychiatric problems in
children. This finding suggests that other mediating factors also
play a part.

These other potential mediators include genetic factors that
may underlie the associations between positive maternal mental
health and child mental health (Neumann et al., 2022). However,
we made adjustments for maternal mental disorders and
concurrent positive maternal mental health, and positive maternal
mental health during pregnancy showed effects that were
independent of these factors. Epigenetic changes during preg-
nancy, referring to alterations in chromatin structure that regulate
gene expression, may also link positive maternal mental health to
child mental health. Evidence exists on epigenetic mechanisms
underlying the association between negative maternal mental
health during pregnancy and child mental health (Cao-Lei et al.,
2020; Monk et al., 2019; Provençal et al., 2020), but to our
knowledge, no studies have investigated epigenetic changes
associated with positive maternal mental health during pregnancy.

Positive maternal mental health during pregnancy may also
reflect on the later caregiving environment of the child. Both
negative and positive maternal mental health during pregnancy
may contribute to the development of maternal bonding, care
practices, and parenting behaviors (Le Bas et al., 2021; McManus
et al., 2017; Phua et al., 2020). Subsequent parentingmay play a role
in linking prenatal positive maternal mental health with child
outcomes (Phua et al., 2020).

Positive mental health in the general population has shown
several protective effects on public health, including decreased
mortality and a lower risk of later psychopathology (Holt-Lunstad
et al., 2010; Keyes et al., 2010; Vos et al., 2017). Some countries are
already systematically screening for positive mental health among
their residents (Office of National Statistics, 2023; Orpana et al.,
2016), and our findings suggest that similar screening measures of
positive mental health would be beneficial among pregnant
women. Our findings also suggest that maternal interventions
during pregnancy that aim at supporting positive mental health
may have beneficial effects and provide protection for the child’s
mental health. These interventions may target maternal perceived
social support, feelings of competence, physical health and active
lifestyle, self-compassion, and resilience (Monteiro et al., 2021;
Rodriguez-Ayllon et al., 2021; Varin et al., 2020). Interventions
supporting positive maternal mental health already during

pregnancy may also promote higher parenting self-efficacy and
thus enhance positive parenting practices after the child’s birth
(Phua et al., 2020). Further research is needed to investigate the
effectiveness of such interventions on child mental health.

Strengths and limitations

The strengths of our study included a large study sample, a
prospective study design, and a follow-up extending to the
offspring’s late childhood; to our knowledge, this is the longest
follow-up to date on the effects of positive maternal mental health
during pregnancy on child psychiatric problems. Another major
strength was that we followed up the children twice, in early
childhood and in late childhood. We also used validated, age-
appropriate questionnaires to assess child psychiatric problems,
enabling us to investigate change in psychiatric problems across
childhood. Positive and negative maternal mental health during
pregnancy were also assessed with validated questionnaires, using
biweekly assessments, thus adding to the reliability of assessment.
We were also able to investigate whether the associations of
positive maternal mental health were independent of co-occurring
negative maternal mental health.

Our study also has limitations. First, the participants of the
PREDO cohort live in a high-resource Nordic setting providing
free-of-charge antenatal and well-baby clinic services for all
women and children. Furthermore, loss to follow-up was selective
as the participating mothers were more often highly educated,
primiparous, married, or cohabiting, and less likely to smoke or to
have cardio-metabolic conditions during pregnancy or diagnosed
mental disorders during their lifetime. For example, over 70% of
the participating mothers had at least a tertiary education level.
This selective attrition may limit the generalizability of our
findings; there is some evidence, for example, that positive mental
health may be higher among individuals who are older and with
higher education level (Keyes et al., 2002). Also in our sample,
mothers with the highest education level reported higher positive
mental health during pregnancy than did mothers with the lowest
education level (data not shown). When planning and implement-
ing interventions to target positive maternal mental health during
pregnancy, it should also be noted that women differing from our
sample in these characteristics may differ in accessibility and
adherence to these interventions.

Second, psychiatric problems in children weremother-assessed,
and concurrent maternal moodmay affect themother’s assessment
of their child’s symptoms. However, we accounted for positive
maternal mental health at late childhood follow-up in the
mediation analyses, and were thus able to at least partially account
for possible bias that may relate to maternal mood at the time of
reporting child psychiatric problems. Finally, positive maternal
mental health at the late childhood follow-up and psychiatric
problems in children were assessed concurrently, which limits our
ability to make inferences about the direction of causality between
positivematernal mental health in late childhood and co-occurring
psychiatric problems in children (Pek & Hoyle, 2016). Concurrent
timing with the outcome variable is also against the strict definition
of a mediating variable (Cole & Maxwell, 2003). However, our
mediation analysis does inform about both independent associ-
ations of positive maternal mental health during pregnancy with
child psychiatric problems, the high continuity of positive
maternal mental health across time, and the possible pathways
through which positive maternal mental health during (and after)
pregnancy may be associated with child behavior.
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Conclusions

In this prospective pregnancy cohort study, higher levels of positive
maternal mental health during pregnancy were associated with
lower levels of total, internalizing, and externalizing psychiatric
problems in children both in early childhood and in late childhood
and these associations were independent of several socio-
demographic factors and of negative maternal mental health
before or during pregnancy or by early childhood and late
childhood. Positive maternal mental health during pregnancy was
also associated with change in total psychiatric problems in
children from early childhood to late childhood: psychiatric
problems increased only among children of mothers with low
levels of positive mental health during pregnancy. The associations
between positive maternal mental health during pregnancy and
lower total psychiatric problems in children were detected among
mothers with and without negative mental health before or during
pregnancy.We also showed that positivematernal mental health in
the late childhood follow-up partially mediated the effects of
positive maternal mental health during pregnancy on psychiatric
problems in children. Our findings underscore the importance of
supporting positive maternal mental health during pregnancy in
the efforts to prevent psychiatric problems among children.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/S0954579423001244.
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