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Abstract

Negative emotionality (NE) was evaluated as a candidate mechanism linking prenatal maternal affective symptoms and offspring internalizing
problems during the preschool/early school age period. The participants were 335 mother-infant dyads from the Maternal Adversity,
Vulnerability and Neurodevelopment project. A Confirmatory Bifactor Analysis (CFA) based on self-report measures of prenatal depression
and pregnancy-specific anxiety generated a general factor representing overlapping symptoms of prenatal maternal psychopathology and four
distinct symptom factors representing pregnancy-specific anxiety, negative affect, anhedonia and somatization. NE was rated by the mother at 18
and 36 months. CFA based on measures of father, mother, child-rated measures and a semistructured interview generated a general internalizing
factor representing overlapping symptoms of child internalizing psychopathology accounting for the unique contribution of each informant. Path
analyses revealed significant relationships among the general maternal affective psychopathology, the pregnancy- specific anxiety, and the child
internalizing factors. Child NE mediated only the relationship between pregnancy-specific anxiety and the child internalizing factors. We high-
lighted the conditions in which prenatal maternal affective symptoms predicts child internalizing problems emerging early in development,
including consideration of different mechanistic pathways for different maternal prenatal symptom presentations and child temperament.
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Symptoms of anxiety and depression are commonly observed
during childhood (Balazs et al., 2013; Polanczyk et al, 2015).
For example, reports are as high as 2% for depressive disorders,
and 9% for anxiety disorders (Sterba et al., 2007; Whelan et al,
2015). These internalizing symptoms emerge as early as the pre-
school/early school age years (Luby, 2010; Tandon et al., 2009),
at rates that remain consistent throughout childhood (Beyer &
Furniss, 2007; Whalen et al., 2017). Two challenges in understand-
ing the developmental origins of early emerging internalizing dis-
orders were the focus of this paper. One, despite consistent
evidence of a relationship between prenatal maternal stress and
early childhood symptoms of anxiety and depression (Van den
Bergh et al., 2017), assessing the contribution of prenatal maternal
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stress has been complicated by the heterogeneous presentation and
comorbidity among prenatal maternal affective symptoms
(Putnam et al.,, 2017) and the diversity of measures used to measure
prenatal stress (Glover, 2014). Two, questions remain about the
role of negative emotionality (NE), a temperamental trait consist-
ing of sadness, fear and emotional over-reactivity (Gartstein &
Rothbart, 2003 ), as a susceptibility endophenotype in the pathway
between prenatal stress and early childhood internalizing disorders
(Dodd et al., 2017; Erickson et al., 2017). Clearer evidence for
which prenatal stress symptoms link to internalizing disorders
and whether NE mediates that pathway would inform strategies
for prevention and early intervention.

Prenatal origins of internalizing disorders

The Fetal Programming Hypothesis and the Developmental
Origins of Health and Disease Hypothesis (DOHAD), have guided
research in understanding how the development of future disease is
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rooted in exposure to adversity in utero (Barker, 2004; Doyle &
Cicchetti, 2018; Hanson & Gluckman, 2008). This has also been
extended to psychopathology, with evidence that an adverse pre-
natal environment can shape fetal development leading to risks for
later mental health (O’Donnell & Meaney, 2017). In line with Fetal
Programming and DOHAD, prenatal maternal affective psycho-
pathology has been found to be a contributor to childhood mental
health, including internalizing problems, as prenatal maternal
affective psychopathology predicts child symptoms of anxiety
and depression (Field, 2011; O’Connor et al, 2014; Szekely
et al,, 2021; Van den Bergh et al,, 2017). Results from a recent
meta-analysis reported an odds ratio of 1.66 (95% CI=1.54,
1.79) for the association between prenatal maternal stress and child
social emotional development and greater effect sizes with increas-
ing severity of prenatal maternal stress (Madigan et al., 2018). This
relationship has been reported in early and mid-childhood
(Hannigan et al.,, 2018; O’Donnell, Glover, et al., 2014) as well
as in adolescence (Capron et al, 2015; Pearson et al., 2013).
These effects seem to be separate from postnatal contributions
of maternal mood (Hentges et al., 2019; Lahti et al., 2017), strength-
ening the argument for in utero biological changes to fetal develop-
ment that underlie differences in risk for later disorder.

Specificity of developmental outcomes occurring from expo-
sure to specific trimesters has yet to be established (Madigan
et al., 2018), however there is some evidence suggesting important
influences on child social emotional development from exposure
during mid-late pregnancy. Infants of mothers experiencing emo-
tional stress during the second and third trimester of pregnancy are
reported to have lower levels of serotonin and dopamine, greater
right frontal EEG activity and lower vagal tone (Field et al., 2002),
more difficult temperament in toddlerhood (Stroustrup et al.,
2016), greater emotional problems at 4 years (O’Connor, Heron,
Golding, et al., 2002; O’Connor et al.,, 2003), and greater anxiety
at 8 and 9 years old (Van den Bergh & Marcoen, 2004).
Although there is literature that points to the entirety of the pre-
natal period as having a potential impact on development (Lahti
et al,, 2017; Van den Bergh et al,, 2017), mid to late pregnancy
remains an important period of consideration in the study of
the effect of prenatal stress on child internalizing problems.

In addition to timing of gestational exposure, the definition and
operationalization of prenatal stress remain sources of discussion,
and both the measurement approaches and the measures them-
selves vary considerably. Clearly, affective symptoms during preg-
nancy manifest in different symptom constellations (Ross et al.,
2003). Putnam et al. (2017) has attempted to group affective symp-
toms into three underlying symptom dimensions across the pre
and immediate postnatal periods - depressed mood, anxiety,
and anhedonia. Pregnancy-specific anxiety, reflecting fears and
worries pertaining to the pregnancy itself (Huizink et al., 2004),
is another symptom dimension to consider given its separate pre-
diction of adverse pregnancy and childhood outcomes (Erickson
etal,, 2017). Szekely et al. (2021) included pregnancy-specific anxi-
ety in their examination of latent dimensions of prenatal affective
symptoms and reported symptom clusters consisting of depressed
mood and anhedonia, somatic symptoms, and pregnancy-specific
worries. This conceptualization was strengthened by evidence that
pregnancy specific worries contributed to children’s psychopathol-
ogy independently of other prenatal stressors. Findings that preg-
nancy specific anxiety independently associates with child
outcome (Erickson et al., 2017) supports the distinction of different
types of stress. In order to best understand the relationship
between prenatal maternal affective symptoms and child
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outcomes, both the qualitatively different underlying dimensions
of affective symptoms and the high degree of relatedness between
the symptoms need to be considered (Reichenheim et al., 2011).
The application of this framework to the study of the link between
prenatal maternal affective symptoms and child internalizing
problems could help clarify whether the negative effects are mainly
due to a general vulnerability to experience affective symptoms
during pregnancy or to one or more specific symptom clusters such
as depressed mood, anhedonia, or pregnancy-specific anxiety.

NE as an endophenotype

The prenatal origins of later developing phenotypes are thought to
reflect prenatally induced developmental plasticity (Hartman &
Belsky, 2018). Exposure to adversities in the prenatal environment
program susceptibility characteristics in the child that can result in
later problematic outcomes in the face of postnatally adverse envi-
ronments (Hartman & Belsky, 2018). Accordingly, prenatally
determined susceptibility endophenotypes may be implicated in
the pathway to the development of child internalizing symptoms.
NE measured before preschool/early school age, is a well-docu-
mented marker of susceptibility (Hartment & Belskey, 2018). It
is a temperamental trait consisting of sadness, fear and emotional
over-reactivity (Gartstein & Rothbart, 2003), and reflects a gener-
ally stable tendency to show increased emotional reactivity towards
negative situations (Gartstein & Rothbart, 2003; Lemery et al.,
1999). NE’s role as an endophenotype in the pathway to internal-
izing symptoms is supported by evidence of both its prenatal ori-
gins (Watson et al,, 2005) and its reliably consistent association
with internalizing psychopathology (Dodd et al., 2017). Prenatal
maternal affective symptoms appear to influence the development
of NE, as mothers who report more psychopathology during preg-
nancy also rate their children higher in NE above the influence of
other environmental stresses and postnatal maternal mood
(Erickson et al., 2017). For example, pregnancy specific anxiety
has been reported to be associated with infant fearfulness and fall-
ing reactivity (Nolvi et al., 2016), as well as with activity level and
sadness at 6 months (Henrichs et al., 2009). Similarly, prenatal
anxiety and depression is reported to be associated with infant
reactivity (Davis et al., 2004), fearful behaviors (Davis et al,
2007), and slow behavior recovery from a stressor shortly after
birth (Davis et al., 2011). Even the well replicated large genomic
influence on temperament (Saudino, 2009) is reported to be modi-
fied by exposure to stress in utero independent of postnatal mater-
nal mood, as evidenced in studies in which significant Gene X
Environment (G X E) interactions were reported (Gordon
Green et al., 2016; Pluess et al., 2011).

The findings of NE as an endophenotype in the path from
maternal affective psychopathology to internalizing symptoms
are mixed though. Whelan et al. (2015) reported a significant path-
way linking pre- and post-natal maternal depression with child
anxiety/depressive symptoms at 7-13 years through negative tod-
dler NE. Similarly, in a study of the influence of prenatal maternal
stress, measured as a combination of perceived stress, state anxiety
and depression, and NE at 3 years on child internalizing problems
at age 5 years, Hentges et al. (2019) reported a direct effect of pre-
natal stress and child NE at 3 years on child internalizing problems
at 5 years and an indirect effect for child NE on the relationship
between prenatal stress and child internalizing problems
(Hentges et al., 2019). In studying the effects of the Queensland
Flood with a more objective measure of prenatal stress (exposure
to a natural disaster during pregnancy), McLean et al. (2019) also
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found a mediating effect of NE at 16 months on preschool/early
school age internalizing symptoms. In contrast, Glynn et al.
(2018) did not detect a mediating effect of NE measured through-
out early childhood on the relationship between unpredictability of
prenatal maternal mood and anxious and depressive symptoms
from 10 to 13 years of age. Their measure of mood was generated
from pregnancy-specific anxiety, state anxiety, perceived stress and
depression measured repeatedly and combined to reflect patterns
of mood predictability across the prenatal period (Glynn et al.,
2018). The absence of an effect was also reported in a longitudinal
study of mothers and children from low income families, as NE
measured across the first year of life did not mediate the relation-
ship between prenatal stressful life events and internalizing behav-
iors rated by mothers at 18 months (Lin et al,, 2017).
Differences in findings across these studies may be due to var-
iations in methodology and the operationalization of maternal
stress, with no clear factor (including age) explaining the presence
or absence of findings. In two studies, measures of objective stress
and life events were used rather than of mood (Lin et al., 2017;
McLean etal., 2019); in one study the focus was on prenatal depres-
sion (Whelan et al., 2015); one study was on maternal mood with
perceived stress (Hentges et al., 2019), and another on a composite
of different affective symptoms but with no distinction between
them (Glynn et al.,, 2018). As well, the mediating path of NE did
not distinguish between certain types of affective symptom or con-
textual stress. Finally, indirect effects of the mediating variables
were not explicitly tested. Examining how the mediation effect
of NE may be distinct to different symptom clusters of maternal
affective psychopathology will help to clarify its role as an endo-
phenotype in the relationship between prenatal maternal affective
psychopathology and child internalizing symptoms.

Measuring internalizing disorders

Issues of diagnosis and symptom differentiation at an early age com-
plicate the understanding of the prenatal origins of childhood inter-
nalizing symptoms. Contrary to affective illness in adults, preschool/
early school age symptoms are less differentiated (Egger et al., 2006;
Dougherty et al., 2015) and include complex presentations of behav-
ior that are unique to early development (Whalen et al., 2017). Both
concurrent and sequential comorbidity are very characteristic of
childhood mental disorders (Rutter et al., 2006), and externalizing
behaviors are often present when evaluating the presence of inter-
nalizing psychopathology in preschool/early school age children
(Bubier & Drabick, 2009). Accordingly, internalizing symptoms
among this age group may be harder to capture using specific com-
posites of internalizing measures.

In attempting to better understand internalizing psychopathol-
ogy and its complex relationship with other mental health disor-
ders, researchers have aimed to consider alternative ways of
conceptualizing traditional psychiatric diagnostic nosology. One
novel approach has been a latent construct of general psychopa-
thology that includes both a general factor characterized by over-
lapping symptoms of internalizing and externalizing disorders,
and two specific (residual factors) characterized by distinct inter-
nalizing and externalizing symptoms (Neumann et al., 2016; Sallis
et al., 2019; Shields et al., 2021). While the general factor has been
reported to be a strong predictor of adult mental health symptoms
and impairments (Sallis et al., 2019), the specific internalizing fac-
tor is a separate predictor of certain outcomes (Sallis et al., 2019)
validating it as a distinct construct from the externalizing factor.
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Similarly, the use of a general internalizing factor constructed
from multiple informants over multiple timepoints in young chil-
dren would allow for the integration of information about all inter-
nalizing symptoms, at an age when differentiation is less clear and
context specific behaviors and emotions are quite prominent. This
type of factor would capture a general manifestation of internalizing
psychopathology that may be more reflective of actual presentations
of internalizing symptoms in preschool/early school age children,
without missing the cumulative influence of the various internaliz-
ing symptoms. The integration of information from multiple raters
addresses concerns about the influence of one rater influences by
their own internalizing symptoms (Atella et al., 2003), and rater
divergences which complicate the construction of a single diagnosis.
Such an approach also allows for the harmonization of the internal-
izing construct across comparable cohorts using different specific
measures, a first essential in reproducible research.

Research objectives

The present study was designed to evaluate the role of early child-
hood NE as a candidate mechanism linking prenatal maternal
affective symptoms and offspring internalizing problems during
the preschool/early school age period. Three questions were
examined.

What dimensions of second trimester prenatal maternal affec-
tive symptoms associate with childhood internalizing problems at
age 4-6 years?

Does NE measured at 18 and 36 months mediate the association
between prenatal maternal affective symptoms and childhood
internalizing problems (ages 4-6)?

What are the indirect effects of NE for each separate dimension
of prenatal affective symptoms?

The study includes three methodological advances. One, prena-
tal maternal affective symptoms was captured using a bifactor
latent structure, which includes a general maternal affective
psychopathology factor and a number of specific factors represent-
ing unique variation of specific affective symptom clusters not
explained by the general factor (Szekely et al., 2021). Two, pre-
school/early school age internalizing problems were modeled with
a single internalizing factor that represents children’s general
manifestation of internalizing pathologies by capturing the vari-
ance shared across the different internalizing symptoms, which
were assessed repeatedly at 4-6 years of age using questionnaires
from multiple different raters and diagnostic interviews. Three,
early NE was assessed at two time points (18 and 36 months) dur-
ing the first 3 years of life.

Method
Participants

The participants were a community-based sample of mother—
infant dyads recruited between 2003 and 2009 from Montreal,
Quebec and Hamilton, Ontario as part of the Maternal
Adversity, Vulnerability and Neurodevelopment (MAVAN)
Project. The mothers were recruited from the general population
at 13-20 weeks gestation during their routine ultrasound and were
included in the study if they were at least 18 years old, and fluent in
either French or English. Participants were excluded if they expe-
rienced serious obstetric complications during pregnancy or dur-
ing the delivery of their child, extremely low birthweight (under
1,000 g), if their child had any congenital diseases or if they deliv-
ered prematurely (before 37 weeks’ gestation). Details on the
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MAVAN cohort are reported elsewhere (O’Donnell, Gaudreau,
et al.,, 2014).

Retention rates for the MAVAN subjects were 97.4% at
6 months, 84.04% at 18 months, and 80.5% at 36 months, reducing
the total sample size from 590 to 464 dyads at 36 months.
Compared to mothers who stayed in the study, those who left
the study differed significantly on measures of age at birth and edu-
cation. Mothers who left the study also had significantly higher
postnatal depression (#(423) =2.79, p =.006). Compared to chil-
dren who remained in the study, those who left the study did
not differ significantly on measures of anxiety and NE.
However, children who left the sample were more likely to be girls
(% (1, N=408) = 5.46, p = .02) and had significantly higher anhe-
donia (#(435) = 2.84, p =.005).

Of the 590 eligible dyads, there were 578 women who had infor-
mation on prenatal affective symptoms. Standardized latent factor
scores representing prenatal affective symptoms were derived pre-
viously in our sample from (Szekely et al., 2021). Of the 590 eligible
children, 408 had information on at least one internalizing subscale
between the ages of 4 and 6 years. Thus, the analysis deriving the
internalizing factor scores of children included 408 participants.
Full information maximum likelihood was used to handle missing
data. For the path analysis, out of the 408 dyads that had informa-
tion on internalizing subscales, 337 had information on NE at 18 or
36 months, and 335 had information on the covariates included.
Thus, the final path analysis comprised 335 mother-child dyads.
Informed consent was obtained at the time of recruitment and
at each data collection. Ethics Review Board approval was obtained
from the institution of each study site.

Measures

Maternal Prenatal Depression and Pregnancy-Specific Anxiety
The mothers reported on their depressive symptoms at 24-36
weeks of pregnancy using the Centre for Epidemiological
Studies Depression Scale (CES-D; Radloff, 1977). The items on the
CES-D are designed to measure symptoms of depression in com-
munity-based populations, and include 20 questions about mood,
appetite, and sleep. Items are rated on a Likert-scale ranging from
0-3. The CES-D has been validated for use in pregnant women
(e.g., Field et al., 2002). In the sample used in the present study,
internal reliability is good (a =.91).

Pregnancy-specific anxiety was assessed at 24-26 weeks of
pregnancy using the Pregnancy-Specific Anxiety scale developed
by Roesch et al. (2004). Out of a larger set of questions concerning
pregnancy-specific emotional reactions, Roesch et al. (2004) iden-
tified four items of pregnancy-related fears and worries using fac-
tor analysis. Each question is rated on a 5-point Likert scale ranging
from having “never” experienced the anxious symptoms described
to having “almost always” experienced the anxious symptoms
described in the past 7 days. The four items included in this mea-
sure are; (a) How often have you felt anxious about being pregnant?
(b) How often have you felt concerned about being pregnant?
(c) How often have you felt panicky about being pregnant?
(d) How often have you felt afraid of being pregnant? In the sample
used in the present study, internal reliability is good (a = .83).

Negative Emotionality
The mothers rated their children’s NE at 18 and 36 months using
the Early Child Behavior Questionnaire (ECBQ; Putnam et al,
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2006). The ECBQ is a reliable and valid measure of child tempera-
ment including 18 subscales. Two factors representing NE at 18
and 36 months were extracted factor analytically using promax
with oblique rotation. Internal consistency was 0.79 and 0.75 at
18 and 36 months, respectively. Further information on the con-
struction of these factors is available elsewhere (Gordon Green
et al., 2016). Factor scores representing NE are standardized and
range from —1.42 to +2.41.

Childhood Internalizing Problems

The children’s internalizing problems were repeatedly assessed
between 4 and 6 years of age using the following questionnaires
and diagnostic interviews. Reliability information is provided for
those measures for which it is available. There is no reliability data
for the Strengths and Difficulties Questionnaire (SDQ) and the
Pictorial Dominic Questionnaire which were automatically coded
from an algorithm using self-report data. Subscales specific to
internalizing problems as indicated by the creators of each measure
were chosen.

(1) the Child Behavior Checklist (CBCL 1'?-5) (Achenbach et al.,
1991) at 48 and 60 months rated by mothers. At the 48 month
assessment, internal consistency was .60 for the anxious
depressed scale, .60 for the emotional reactive scale, .60 for
the somatic scale, and .64 for the withdrawn scale. At the 60
month assessment, internal consistency was .72 for the anx-
ious depressed scale, .69 for the emotional reactive scale, .65
for the somatic scale, and .58 for the withdrawn scale.

(2) the PAPA. The PAPA is a semistructured researcher-admin-
istered diagnostic parent interview feasible and validated for
children under 7 (Egger & Angold, 2004). One week test-retest
reliability of the PAPA was comparable to interviews for older
children and adults, and did not vary significantly by age, sex,
or race (Angold & Costello, 2000; Egger et al., 2006) with, for
example, kappa and ICC for depression of 0.72 and 0.71,
respectively. The reliability for our sample was more then
95% in a 10% sample recoded from the original audio
recordings.

(3) the SDQ (Goodman, 1999) rated by mothers at 60 and
72 months and by fathers at 60 months. The SDQ is a 25-item
psychopathology screening questionnaire which has been
extensively evaluated and widely applied to assess behavior
disorders of children and adolescents around the world
(Goodman, 1999; Goodman et al., 2000, 2003; Shojaei et al.,
2009). The SDQ inquires about positive and negative attributes
and includes a scale for anxious and depressive psychopathol-
ogy, which consists of five questions with scores ranging from
0 (“not true”) to 2 (“certainly true”). The SDQ emotional
symptoms subscales score ranges from 0 to 10.

(4) The Pictorial Dominic Questionnaire (the Dominic) (Valla
et al, 1997) completed by the children themselves at 72
months. This measure is a pictorial-based semistructured
questionnaire which asks children whether they endorse
precise situations representing symptoms for common
Diagnostic and Statistical Manual-IV (DSM-IV) childhood
psychopathologies. Probability diagnoses are produced for
the most prevalent DSM-IV disorders including specific pho-
bia, major depressive disorder, separation anxiety disorder and
generalized anxiety disorder. Validated cut-off points are used
to determine three diagnostic probability categories: “likely


https://doi.org/10.1017/S0954579421001747

608

» <«

absent,” “possible”, and “likely present.” In this original
version, the alphas measuring internal consistency ranged
from 0.62 to 0.88. Test-retest interclass correlations ranged
from 0.59 to 0.74 (Valla et al., 1994). Criterion validity against
clinical judgment yielded kappa values ranging from 0.64 to
0.88 with best kappa values for the anxious and depressive psy-
chopathologies (Bidaut-Russell et al., 1998; Shojaei et al., 2009;
Valla et al., 1994).

Covariates

The covariates for the present study were selected by theoretical
conception. They were retained for the final analyses if they were
significantly associated with any of the predictors or outcome.
They included mother’s age at childbirth, education, child gender
and study site. Postnatal maternal depression was also included as
a covariate, given its strong association with both predictor and
outcome. Further, including postnatal maternal depression as a
covariate also allowed for the assessment of the unique contribu-
tion of maternal affective psychopathology during the prenatal
period, above and beyond the contribution of postnatal depressive
symptoms. Most of the covariates were obtained from the Health
and Well Being of Mothers and their Newborns questionnaire
(Kramer et al.,, 2009) administered prenatally and at 6, 12, 24
and 36 months postnatal. Maternal education was assessed prena-
tally and was coded as having a “high school degree or less”, “some

» «

years of college or vocational training”, “completed college or voca-
tional training”, “university graduate or higher”. In light of the low
frequencies, the four categories were collapsed into two for further
analyses; “high school degree or less”, “some years of college or
vocational training”, and “completed college or vocational train-
ing” consisted of one category and “university graduate or higher”
consisted of the second category. Maternal postnatal depression
was measured using the CES-D at 6 and 12 months postpartum.
An aggregate score was created, reflecting the average amount
of maternal depressive symptoms across the first postpartum year
(i.e. 6 and 12 months assessments combined).

Statistical analysis

Prenatal Maternal Affective Symptoms

Latent factors underlying general and specific prenatal affective
symptom factors were previously derived using confirmatory
bifactor analysis (FFA) (lavaan R package, version 0.6-1.1133;
Rosseel, 2012) of the same sample (Szekely et al., 2021). In this type
of analysis, each item is simultaneously loaded onto a general fac-
tor, representing the variance shared across all prenatal affective
items (i.e., CES-D and Pregnancy Anxiety Scale), as well as on their
corresponding specific factor, which—for the CES-D—were iden-
tified previously (Carleton et al. (2013). Based on the solution pro-
posed by Carleton et al. (2013), five factor latent dimensions were
specified: (a) A general maternal affective psychopathology factor
including all CES-D and pregnancy-specific items entered in the
analysis. (b) A somatic symptom factor. An example of an item
from this factor is “I did not feel like eating, my appetite was poor”.
(c) A negative affect factor. An example of an item from this factor
is “I'felt sad”. (d) An anhedonia factor. An example of an item from
this factor is “I felt hopeful about the future”. (e) A pregnancy-spe-
cific anxiety factor that included the four questions on the
Pregnancy Specific Anxiety scale. An example of the type of ques-
tions asked is: “In the past seven days, how panicky have you felt
about being pregnant”. Standardized factor scores for each
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participant were extracted for further analyses. See Appendix A
in supplementary material for model fit statistics and factor load-
ings of the bifactor CFA model.

Negative Emotionality

The stability of NE over 18 and 36 months was examined using
paired sample ¢-tests. No significant differences were found between
the average NE score at 18 months (M =—0.3, SD=.64) and 36
months (M =0.00, SD=.57) (#(311) = —1.052, p =.294) and both
scores were positively correlated, r(310) =.619, p <.001, indicating
high stability between the factor scores at both time points.
Accordingly, the scores at 18 and 36 months were combined into
an average NE score for the present analysis. See Appendix B in sup-
plementary material for factor loadings.

Child Internalizing Factor

The mother, father, and child ratings of internalizing subscales of
the CBCL, PAPA, SDQ, and Pictorial Dominic were standardized
and entered into a CFA (lavaan R package, version 0.6-1.1133;
Rosseel, 2012) using the maximum likelihood robust estimator.
All of the items were specified to simultaneously load onto a gen-
eral internalizing factor, as well as their corresponding measure-
ment/rater factor (i.e., mother, father, child). Rater factors were
added to minimize any biases inherent in having the same rater
reporting on multiple subscales. Accordingly, the internalizing fac-
tor represents a general vulnerability to internalizing psychopa-
thology with variance associated with each informants’ ratings
parsed out. Similar methodology has been used elsewhere to exam-
ine latent factor structures of child psychopathology (Neumann
et al,, 2016).

The bifactor internalizing model described above was com-
pared to (a) a simpler unifactor model that included only a general
internalizing factor, (b) a more complex trifactor model that fur-
ther specified unique symptom factors of anxiety and depression in
addition to the general internalizing and rater-specific factors. The
model fit was evaluated by the Comparative Fit Index (CFI), the
Tucker-Lewis Index (TLI), and the Robust Root Mean Square
Error of Approximation (RMSEA), with RMSEA <0.05 and
CFI/TLI > 0.9 indicative of good model fit. Outliers were identified
by visual inspection of Cook’s Distance plots. Only one outlier was
identified. However, as the results were identical when it was omit-
ted from the analysis, the subject was not removed from further
analyses. Standardized internalizing factor scores were extracted
for use in further analyses.

Main Associations and Mediation Analyses

The analyses were conducted in three steps. First, using correlation
coefficients, we examined separately the associations between the
different factors of prenatal maternal affective psychopathology
(i.e., overall affective symptom factor; the negative affect factor,
the anhedonia factor, the somatic symptoms factor, and the preg-
nancy-specific anxiety factor) and NE and the child internalizing
psychopathology factor (general internalizing factor of the bifactor
model). Second, factors that were significantly associated with NE
or child internalizing symptoms were entered in a path model
additionally including the factor of NE and the general internaliz-
ing factor. Specifically, the factors included were the general mater-
nal psychopathology factor, the prenatal anxiety factor, and the
anhedonia factor. Path analyses were conducted using the lavaan
R package (version 0.6-1.1133; Rosseel, 2012). This was to deter-
mine significant pathways of prenatal maternal affective
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Figure 1. Path model testing associations between maternal affective factors, NE, and the internalizing factor.

psychopathology, NE (aggregate score 18-36 months) and child
internalizing symptoms (4-6 years). Third, when a significant
pathway included NE, the mediating effect of NE was statistically
evaluated by examining the indirect effect of the significant predic-
tor through NE using lavaan (version 0.6-1.1133; Rosseel, 2012).
Refer to Figure 1 for a conceptualization of the entire hypothesized
path model.

Results
Descriptives

The mean age for mothers at delivery was 30 years (SD =4.72).
Half of the women had a university degree or higher. The average
household income was $61,000 (Canadian) per year, with 38% of
women reporting an annual family income over $70,000.
Unstandardized prenatal depression scores ranged from 0 to 49
(M=12.13, SD=9.90), with 25% of the women meeting the
threshold for clinically significant symptoms of depression (i.e.,
score >16) at 24 to 26 weeks of pregnancy. Pregnancy-specific
anxiety scores on the Pregnancy-Specific Anxiety scale ranged
from 0 to 16 (M =4.11, SD =3.45). In terms of postnatal depres-
sion, unstandardized scores at 6 months postpartum ranged from
0to52 (M=10.31,SD =9.06), and 19% of women met the thresh-
old for depression. Characteristics for postnatal depression at
12 months were similar. In terms of child characteristics, there
was an almost equal distribution of males and females.
Standardized scores ranged from —1.22 to +3.92 for NE at 18
months (M =-0.02, SD=0.65) and from —1.42 to 2.21 at 36
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months (M =0.00, SD = 0.59). Refer to Table 1 for more detailed
information on the sample characteristics.

Child internalizing factor

The fit of the bifactor model was compared to a more parsimonious
unifactor model (i.e., internalizing factor without the rater factors).
Closely approaching our criteria used to evaluate good model fit
(RMSEA < 0.05 and CFI/TLI > 0.9), the bifactor model had supe-
rior fit indices compared to the unifactor model (Table 2). It was
also compared to a more complex trifactor model, which included
a general internalizing factor, a rater factor and specific anxiety and
depression factors, depending on whether they described anxiety
or depressive symptoms. Fit was similar to the bifactor model,
however, with only two subscales loading onto the specific depres-
sion factor, this model did not satisfy the reliability criteria of a
minimum three items (or subscales) per factor (Raubenheimer,
2004). As such, the bifactor model was retained for further analy-
ses. See Table 2 for comparison of model fit statistics.

All internalizing psychopathology subscales from the CBCL,
PAPA, and SDQ significantly loaded onto the general internalizing
factor, independent of the rater variables (Table 3). Subscales from
the Dominic did not load significantly onto the general factor, and
there was an almost perfect correlation between the general inter-
nalizing factor scores when the Dominic Scale was included as part
of the factor analysis and when it was not r=1.00, p = <.0000.
However, it was included as the fit statistics improved when it
was included in the overall model.
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Table 1. Descriptive statistics of MAVAN mother and child (N =408 pairs)

Cathryn Gordon Green et al.

Table 3. Factor loadings of individual subscales on the General Internalizing
Factor (N =408 pairs)

Mothers M(SD) %
i Standardized
Age at delivery 30.81(4.72) Item Estimate SE
Prenatal CES-D score 12 see) S CBCL emotional dysregulation 48months 0.59%* 0.07
Pregnancy Anxiety Scale score 4.11(3.45) CBCL emotional dysregulation 60months 0.73%* 0.09
Postnatal CES-D at 6 months 10.31(9.06) 19% <16 CBCL anxiety 48months 0.67+* 0.06
Postnatal CES-D score at 12 months 10.83(9.04) 22% <16 CBCL anxiety 60months 0.77%% 0.08
Education CBCL somatic 48months 0.51%* 0.06
< High School Wi CBCL somatic 60months 0.57%%* 0.08
Some College/Trade R CBCL withdrawl 48months 0.47%% 0.08
College/Trade Graduate S CBCL withdrawl 60months 0.60%* 0.09
L 3
2 University Graduate a0 PAPA separation anxiety 0.53%% 0.09
Annual Household Income in K 61.96(31.39) PAPA generalized anxiety 0.497%% 0.08
0,
< 15,000 i PAPA specific phobia 0.46%% 0.08
0,
15,000 to <30,000 1 PAPA social phobia 0.21% 0.08
0,
30,000 to <55,000 AV PAPA over anxious 0.38% 0.11
55,000 to <70,000 16% PAPA panic 0,35+ T
0,
2 1y . PAPA depression/dysthymia 0.62%* 0.07
Children M(sD) % Dominic separation anxiety 0.07 0.05
Gender - Female 47% Dominic overanxious 0.01 0.06
Negative Emotionality 18 months —0.02(0.65) Dominic specific phobia 0.08 0.05
Negative Emotionality 36 months 0.00(0.59) Dominic major depression 0.06 0.05
SDQ emotion 60 months-mother 0.72%* 0.06
SDQ emotion 72 months-mother 0.68%* 0.06
Table 2. Confirmatory factor analysis of a general internalising factor (N =408 SDQ peer 60 months-mother 0.46%* 0.06
pairs) using maximum likelihood estimation procedure
SDQ peer 72 months-mother 0.437%% 0.07
Robust Robust Robust 90% CI lower Cl .
X ETS
Model Crl Ll RMSEA (RMSEA) upper SDQ emotion 60 months-father 0.51 0.07
SD 60 ths-fath 0.41%* 0.08
Unifactor (GIF) 0.495 0.423 0.120 0.116 0.132 Q peer 60 months-father
Bifactor (GIF and  0.842  0.813  0.062 0.056 0.068 Note. “p = <.01, *’p = <.0001.
rater)
Trifactor (GIF, 0.866  0.832 0.059 0.053 0.065 included in the path analysis as they were not correlated with child

rater, anx&dep)

Note. GIF = General Internalizing Factor, CFI = Comparative Fit Index, TLI = Tucker-Lewis
Index, RMSEA = Root-Mean-Square Error of Approximation.

Main effect and path analysis

Relationships between the general prenatal maternal affective
symptom factors, child temperament and general internalizing fac-
tor were examined using Pearson correlation coefficients. The cor-
relation coefficients are shown in Table 4. The general prenatal
maternal affective psychopathology factor, and the specific preg-
nancy-specific anxiety factor were significantly correlated with
the general child internalizing factor (r=.26, p <.0001; r=.12,
p = .02, respectively). Regarding the associations with NE, the gen-
eral maternal affective psychopathology factor (r=.27, p <.0005),
the pregnancy-specific anxiety factor (r=.15, p=.002) and the
anhedonia factor (r=.11, p =.02) were all significantly associated
with child NE. Thus, the general prenatal maternal affective
psychopathology factor, the pregnancy-specific anxiety and anhe-
donia factors were taken forward into the path analyses. The
somatic symptom factor and the negative affect cluster were not
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NE or child internalizing problems.

Based on the above associations, the hypothesized path model
examined both the direct and indirect (i.e., through NE) effects of
the general maternal affective psychopathology factor and the
pregnancy-specific anxiety factor on children’s internalizing
behavior, and the indirect effect (through NE) of the anhedonia
factor on children’s internalizing symptoms. The covariates
included in the model were maternal education, maternal age at
birth, child gender, study site and postnatal maternal depression.
The analyses were conducted using the maximum likelihood esti-
mation procedure.

Prior to adjusting for covariates, analyses of direct effects revealed
that the general maternal affective psychopathology factor signifi-
cantly predicted children’s internalizing factor scores (B=.17,
p=.001; Table 5), whereas the pregnancy-specific anxiety factor
did not (B=.07, p=.23; Table 5). Analyses of effects between the
general maternal affective psychopathology factor, temperament,
and the internalizing factor indicated that the general maternal
affective psychopathology factor (B=.15, p <.001: Table 5) and
the pregnancy-specific anxiety factor (B = .12, p = .001; Table 5) sig-
nificantly predict NE, whereas the anhedonia symptom factor
(B=.05, p=.30; Table 5) did not. NE was significantly associated
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Table 4. Pearson Correlation Coefficients between the prenatal maternal symptom factors, measures of prenatal maternal psychopathology, child negative

emotionality and internalizing psychopathology

GMF Somatic Negative Affect Anhedonia Pregnancy Anxiety NE GIF PrenatalCES-D PrenatalPAS

GMF = .152%* .332%* 170%* .100* 277** .262%% .968%* .602%*
Somatic - - —.239%* —.226%* —.087* .044 .063 278+ .030

Negative Affect - —-.343 —.032 .007 —.009 270%* —.122%*
Anhedonia - —.032 .110%* .059 .220%* .074

Pregnancy Anxiety - .153%** .125% .037 .831%*
NE - .391%* 277+ 275%*
GIF - L2 .251%%
Prenatal CES-D = E5895

Prenatal PAS

Note. GIF = General Internalizing Factor. GMF = General Maternal Psychopathology factor. PAS

Table 5. Unadjusted path model of effects between the general maternal
affective psychopathology, temperament, and the internalizing factor (n =339
pairs)

Standardized Standard
Outcome Predictor Estimate Error P Value
GIF
Pregnancy .07 .06 .23
Anxiety
GMF 17 .05 .001
NE .56 .09 .000
NE
Pregnancy 12 .04 .001
Anxiety
GMF .15 .03 .000
Anhedonia .05 .04 .30

Note. GIF = General Internalizing Factor. GMF = General Maternal Psychopathology factor.
NE = Negative Emotionality.

with children’s internalizing factor scores (B=.56, p <.001;
Table 5).

Results were similar in fully adjusted models. The general
maternal affective psychopathology factor significantly predicted
children’s internalizing factor scores (B=.15, p=.01), whereas
the pregnancy-specific anxiety factor did not (B=.07, p=.24;
Figure 2). Conversely, analyses of effects between the general
maternal affective psychopathology factor, temperament, and
the internalizing factor indicated that the general maternal affec-
tive psychopathology factor (B =.07, p=.07) and the anhedonia
symptom factor (B=.03, p=.45) did not significantly predict
NE, whereas the pregnancy-specific anxiety factor did (B=.11,
p =.003). NE was significantly associated with children’s internal-
izing factor scores (B = .51, p < .001; Figure 2). Refer to Table 6 for
statistics from the fully adjusted model.

Analyses of the indirect effect using bootstrapping of 1,000
resamples revealed that child NE mediated the effect of maternal
pregnancy-specific anxiety on child internalizing problems
(B=.08, Bootstrap SE=.03, 95% CI=0.021, 0.14, p=.009;
Table 7). The associations between the general maternal affective
psychopathology factor, the anhedonia symptom factor, and the
child internalizing factor was not significantly mediated by child
NE (Figure 2).
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= Pregnancy Anxiety Scale. NE = Negative Emotionality*p = <.05, **p = <.01.

Discussion

The results of the present longitudinal study revealed significant
contributions of second trimester prenatal maternal affective
psychopathology on preschool/early school age internalizing
symptoms, independent of postnatal maternal depression.
Further, distinct pathways for this relationship were identified
based on different symptom clusters of maternal affective psycho-
pathology. Importantly, we report on NE between 18 and 36
months as one mechanism underlying this relationship.
Findings provide further support for the developmental origins
of health and disease (DOHaD) hypothesis emphasizing the
importance of antenatal mental health on early child temperament
and later preschool/early school age mental health outcomes
(Doyle & Cicchetti, 2018; Hanson & Gluckman, 2008;
O’Donnell & Meaney, 2017).

We addressed previous limitations within the literature by
using novel methodologies to study longitudinal associations.
Specifically, we used a factor representing overlapping symptoms
of maternal affective psychopathology and four additional factors
representing different symptom clusters to identify distinct ante-
natal influences from those with less significant contributions.
We also generated an internalizing factor representing a general
vulnerability to child internalizing psychopathology with variance
associated with maternal, paternal and child’s ratings parsed out to
account for rater biases, such as those associated with maternal
affective symptoms. Finally, within the longitudinal context of
our study, formal mediation tests directly examined the indirect
effect of NE, revealing early temperament plays a role in the causal
pathway between prenatal affective psychopathology and later pre-
school/early school age internalizing symptoms.

Certain findings stand out. The primary finding was that only
the factors representing general maternal affective psychopathol-
ogy and pregnancy-specific anxiety significantly contributed to
preschool/early school age internalizing problems. Further, the
general maternal affective psychopathology factor was the strong-
est predictor of child internalizing problems and was the only
affective predictor to demonstrate a direct effect in the mediation
analysis. This indicates that there appears to be an element shared
among depression and pregnancy-specific anxiety symptoms that
is particularly important in predicting preschool/early school age
internalizing symptoms. In addition, after accounting for overlap-
ping symptoms of maternal prenatal psychological distress,
depressive symptoms do not appear to have significant unique
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Figure 2. Depicts results of indirect and direct effects

effects on preschool/early school age internalizing symptoms,
whereas symptoms specific to pregnancy-specific anxiety do.

Similar findings were demonstrated for temperament. A signifi-
cant relationship was initially detected between the anhedonia
symptom factor, representing mother’s diminished interest in
pleasure, and NE at 18 and 36 months. However, this association
was no longer significant once accounting for the other symptoms
of prenatal maternal affective psychopathology. Although the gen-
eral maternal prenatal affective symptom factor significantly con-
tributed to NE in the initial model containing other specific
maternal factors, the association was no longer significant after
controlling for covariates, including postnatal depression.
Conversely, the effect for pregnancy-specific anxiety remained
even after accounting for other specific factors and covariates.

These findings are in line with research reporting a particularly
robust effect for pregnancy-specific anxiety on child developmen-
tal outcomes compared to other prenatal stressors. For example,
Erickson et al. (2017), report similar differences in effects on infant
temperament for prenatal depression and general anxiety as com-
pared to pregnancy-specific anxiety in their recent review. After
examining 34 different studies looking at the effect of different
types of prenatal maternal affective psychopathology on the devel-
opment of temperament, they reported equivocal findings for
depression and anxiety. Half of the studies reviewed found signifi-
cant associations, whereas the other half reported no association.
Conversely, support for pregnancy-specific anxiety was robust
(Erickson et al., 2017).

The significance of pregnancy-specific anxiety may be
embedded within the distinct context of pregnancy. As this stressor
is characterized by women’s worries about the health of their chil-
dren and fears related to delivery (Huizink et al., 2004), symptoms
are more easily distinguishable from other unmeasured environ-
mental stressors that may also impact maternal psychological state
and child development (Huizink & de Rooij, 2018). Conversely,
symptoms of more general anxiety or depression are often inti-
mately intertwined with contextual factors such as socio-economic
status or level of social support (Mancuso et al., 2004).

The effect of the pregnancy-specific anxiety factor compared to
the other specific depression factors may be explained in part by
the adjustment of our models for symptoms of postnatal depres-
sion. Mothers who experience symptoms of prenatal maternal
depression often also experience depressive symptoms during
the postnatal period (Evans et al., 2001; Faisal-Cury & Menezes,
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examined in path model. Note **p <.001, *p <.01.

2012). Disentangling their separate contributions is often difficult,
particularly due high levels of collinearity (Belsley, 2004; van der
Wal et al., 2007). Although postnatal depression was also covaried
in the models examining the effect of pregnancy-specific anxiety,
pregnancy-specific symptoms of anxiety could not be covaried.
Thus, as the time period when these symptoms occur are contained
to pregnancy, it becomes easier to disentangle them from the con-
tribution of other maternal affective symptoms occurring during
other developmental windows.

Somatic symptoms did not significantly contribute to NE or
childhood internalizing problems. This may be because the ques-
tions that comprise this factor measure a different construct in
pregnant women than other depressed populations. Specifically,
the somatic symptom factor may be tapping into the physiological
effects of pregnancy, rather than depressive symptomology. The
validity of the somatic factor for specific populations with other
medical conditions has been questioned elsewhere (e.g., Cheng
et al,, 2006). Further, although Carleton et al. (2013) confirmed
the validity of a somatic factor in a three factor structure of the
CES-D, they recognized that this may not be optimal in certain
populations with health concerns. Our results appear to support
this claim.

A second essential finding was that NE mediated the relation-
ship between pregnancy-specific anxiety and preschool/early
school age internalizing problems. Few studies have examined
NE as a mediating mechanism of prenatal maternal affective
psychopathology, with equivocal findings reported (e.g., Glynn
et al, 2018; Hentges et al., 2019). Adding to this literature, our
study is the first to identify NE from 18 to 36 months as a mediating
mechanism linking pregnancy-specific anxiety to child internaliz-
ing problems, and the first to demonstrate the joint influence of
these effects on internalizing problems as young as preschool/early
school age. There is some evidence suggesting pregnancy-specific
anxiety is related to maternal cortisol levels (Kane et al., 2014),
which have been hypothesized to have programming effects on
the child hypothalamic-pituitary-adrenal (HPA) axis (Glover
et al,, 2010). The HPA axis is one of the most studied biological
systems implicated in the development of anxiety and depression.
As one of the main outflow systems of the stress response system,
the HPA axis acts to mediate and regulate stress and emotion
(Jacoby et al., 2016). Since irregular activation of the HPA axis
is implicated in the development of anxiety and depression
(Kallen et al., 2008; Parker et al., 2003) and in children with NE
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Table 6. Adjusted path model of effects between the general maternal affective
psychopathology, temperament, and the internalizing factor (n =335 pairs)

Standardized  Standard

Outcome Predictor Estimate Error P Value

GIF
Pregnancy Anxiety .07 .06 24
GMF .15 .06 .02
NE .51 .09 .000
Site -.17 .09 .07
Gender —-.03 .09 75
PostnatalDepression .01 .01 37
Maternal Education -.02 .10 .82
Mother Age —-.01 .01 .36

NE
Pregnancy Anxiety 11 .04 .003
GMF .07 .04 .07
Anhedonia .03 .04 45
Site -.10 .06 .09
Gender —.04 .06 A7
PostnatalDepression .02 .004 .000
Maternal Education —.04 .06 .50
Mother Age -.01 .01 .07

Note. GIF = General Internalizing Factor. GMF = General Maternal Psychopathology factor.
NE = Negative Emotionality.

Table 7. Mediation of the association between pregnancy anxiety and child
internalizing problems by negative emotionality (n =335 pairs)

Standardized Estimate Bootstrapped

(95% Cl) Standard Error P Value
Indirect 0.08 (.02, .14) .03 .009
effect
Direct 0.07 (-.05, 19) .06 24
effect
Total 0.15 (.03, .27) .06 01
effect

(e.g., Baibazarova et al,, 2013), prenatal programming of this sys-
tem could be one mechanism which links pregnancy-specific anxi-
ety and the development of internalizing problems in children via
infant NE.

Importantly, mediation was specific to pregnancy-specific
anxiety. Although the general maternal affective psychopathology
factor did significantly predict preschool/early school age internal-
izing symptoms, no mediation effect was found. The specificity of
the mediation effect to the pregnancy-specific anxiety factor sug-
gests that discrepancies reported across previous studies may be
due to undifferentiated symptoms of stress and mood.

Differences in mediation by symptom cluster may reflect dis-
tinct mechanisms that mediate these two different types of stress.
Pregnancy-specific anxiety may operate through NE, whereas the
impact of general maternal affective psychopathology may be
mediated by other factors. Possibilities include, inflammation
markers (Barker et al, 2018), epigenetics (Monk et al., 2012),
and brain systems involved in emotional reactivity and emotion
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regulation (Field et al., 2002; Qiu et al., 2015). More studies are
needed to confirm the precise underlying mechanisms of this
unique stressor that influence child development.

The absence of a mediation effect for the general maternal affec-
tive psychopathology factor and other depressive symptom factors,
may also be reflective of a moderated-mediation effect, such that
only children with certain characteristics or who are living under
certain environmental conditions are influenced by prenatal
maternal affective psychopathology and go on to develop NE, or
internalizing problems. Indeed, in our previous study, a significant
association between prenatal maternal depression and NE only
existed for children with certain susceptibility genes (Gordon
Green et al., 2016). Other studies report postnatal maternal behav-
ior, such as sensitivity and parenting, can modify the effects of pre-
natal stress. For example Sharp et al. (2012) reported that maternal
stroking over the first weeks postpartum modified the associations
of prenatal depression on infant physiological and behavioral out-
come. Results from this and other similar studies lead to the ques-
tion raised by Pluess and Belsky (2011) in their theory Prenatal
Programming of Postnatal Plasticity, that perhaps prenatal stress
programs the child to develop modifiable susceptibility character-
istics that are influenced by the postnatal environment in a for bet-
ter or for worse manner. As such, according to Pluess and Belsky,
the effects of prenatal stress on later developing phenotypes such as
internalizing problems would be dependent on postnatal environ-
mental influences that modify prenatally programed endopheno-
types (Pluess & Belsky, 2011). As NE is considered to be a factor
highly susceptible to both positive and challenging environments
(Hartman & Belsky, 2018), including other postnatal moderating
factors in future models may be key in further understanding the
variation in mediation of NE observed for different symptom fac-
tors in the present study.

These findings have important implications for prevention and
intervention programs. Treatments targeting prenatal maternal
affective problems have helped to reduce symptoms of maternal
psychopathology (Glover, 2014; Wakschlag et al., 2019), with the
field now moving forward with Randomized Control Trials to
explicitly ascertain whether this improves child outcome (Brown
et al.,, 2021). We identify an early child characteristic that can serve
as an additional target for intervention for women with symptoms of
pregnancy-specific anxiety to facilitate more optimal outcomes for
their children. NE is conceptualized as a susceptibility factor, such
that children characterized with this type of temperament are more
sensitive to both negative and positive environmental influences
(Belsky & Pluess, 2009). Indeed, there is evidence that children with
more difficult temperament are more vulnerable to negative parent-
ing, but also profit more from positive parenting, specifically at
younger ages (Slagt et al., 2016). As such, working on parenting skills
could be one way to help children with NE reduce the negative
impact of maternal symptoms of pregnancy-specific anxiety on their
level of internalizing symptoms. Importantly, although interven-
tions targeting NE remain valuable in the absence of maternal preg-
nancy-specific anxiety, they may be less effective in reducing the
impact of other types of prenatal stress.

Finally, in this study we were able to identify prenatal maternal
affective symptoms and early child NE as predictors of preschool/
early school age internalizing problems, which have also been dem-
onstrated to be predictors of symptoms of anxiety and depression
throughout development (Dodd et al., 2017; Nigg, 2006; Van den
Bergh et al., 2017). This supports the characterization of internal-
izing behaviors emerging as early as age 4-6 years as reflecting per-
sistent symptoms rather than developmentally transient behaviors.
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Further, the generation of the child internalizing factor yielded a
bifactor model that did not differentiate between different symp-
tomatology of anxiety and depression. Developmental differences
may make it difficult to differentiate between anxious and depres-
sive symptomology so early on in childhood. This is in line with
research demonstrating high levels of comorbidity between inter-
nalizing symptoms during the preschool/early school age period
(Rutter et al., 2006).

Limitations

Our study design does not explicitly test for possible genetic
influences. As internalizing problems are heritable, the association
between prenatal maternal affective psychopathology and pre-
school/early school age internalizing problems might not be char-
acterised by influences on the developing fetus (i.e, foetal
programming), but by heritability. However, some of our findings
were independent of postnatal maternal mood, suggesting effects
are not entirely related to genetic transmission of risk. Further, pre-
vious studies within our cohort have adjusted for maternal geno-
type and found the impact of maternal affective psychopathology
remained a significant predictor of child temperament (Babineau
et al, 2015; Gordon Green et al., 2016). Future investigations
should aim to further disentangle the role of genes underling
the relationships between maternal affective psychopathology,
child temperament, and preschool/early school age internalizing
problems.

Our NE factors and the factors of maternal affective psychopa-
thology were obtained from parent-report measures rated by the
mother. As such, parental mood may influence the ratings given
to the child (Atella et al., 2003), at least for child temperament.
However, parent report questionnaires benefit from a longer
observation period and the ECBQ specifically inquires about the
frequency of observable behaviors (Rothbart, 1981), minimizing
parent-reporting bias. Further, the effect of parental mood on rat-
ings of childhood internalizing problems is limited by the longi-
tudinal design of the study, controlling for postnatal maternal
mood, including rater factors in the CFA models to remove any
residual variation related to specific raters, by measuring NE at
two different time points, and using diagnostic, self-rated, father
and mother rated measures of child psychopathology.

Our study does not account for all possible types of prenatal
maternal stress. Specifically, mothers who experience depression
and pregnancy-specific anxiety may also be vulnerable to adverse
environmental factors that could provoke a different type of stress
experienced by the foetus, such as more general symptoms of anxi-
ety. However, there is some evidence that pregnancy-specific
anxiety may be a more robust contributor of foetal programming
than other types of stress including more general symptoms of
anxiety (Davis & Sandman, 2012; Erickson et al., 2017).

Including postnatal depression in models examining the effect
of prenatal stress can cause collinearity given its strong association
with prenatal depression. In our sample, prenatal and postnatal
CES-D were strongly correlated (r=.612, p=<.001). Although
this did not lead to collinearity in our analyses, the inclusion of
both prenatal affective symptoms and postnatal depression in
the adjusted path models may have led to over adjustment and
a conservative estimation of the associations with the maternal
affective psychopathology factor. However, adjusting for postnatal
depression is important given the known contribution on child
development demonstrated in the literature, and in our analysis
an effect of the maternal effective psychopathology factor on child
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internalizing problems was established even after postnatal depres-
sion was included in our model. Application of alternative study
designs have demonstrated consistent independent prenatal effects
above that of postnatal mood, some on child temperament and
internalizing problems (Davis et al., 2011; O’Donnell, Glover,
etal., 2014), and may be considered in future studies invesitagting
mediating effects with prenatal affective variables.

In addition, there are other unmeasured confounds that could
explain the associations found in our study. However, we are con-
fident that despite these possible confounding factors, the impact
on child internalizing symptoms in the present study is at least in
part due to maternal affective psychopathology as the relationship
between maternal mood and child outcome has been established in
several large community studies even after controlling for common
confounds and suggest a direct causal pathway (Glover et al., 2018).

There is evidence from animal models highlighting sex
differences in the relationship between prenatal stress on develop-
mental outcome (Weinstock, 2007). As such, in the present
investigation, post hoc we stratified the path analysis to look at
associations for girls and for boys (Appendix C in
Supplementary material). Some differences did emerge for preg-
nancy anxiety, such that the relationship between the pregnancy
anxiety factor and NE appears stronger for boys, whereas the rela-
tionship between the pregnancy anxiety factor and the child inter-
nalizing factor appears stronger for girls. However, stratification
does not allow us to determine if these differences are statistically
significant and due to the number of parameters in our analysis, we
did not have enough power to look at an interaction. Differences
on the impact of pregnancy-specific anxiety on development
among boys and girls is an important area for future investigations.

Many studies have demonstrated that the association between
prenatal environmental exposure and child development is depen-
dent on timing of gestation (e.g., Davis et al., 2007). As such,
another limit of this study is that exposure to maternal affective
symptoms was only measured between 24 and 26 weeks of preg-
nancy. Further examination of exposure to maternal affective
psychopathology earlier and later during pregnancy is needed to
determine if similar associations may be found during different
developmental periods. However, there is some research showing
that behavioral and emotional outcomes are associated only with
exposure during later gestation (Davis et al., 2007; O’Connor,
Heron, Glover, et al., 2002). Further, the second trimester appears
to be important for neurodevelopment (e.g., Sandman et al., 2015),
which may be captured in part in this sampling time frame.

Finally, there might be other important mediators that were not
tested such as parental sensitivity, family environment, attachment
security, some of which are also linked in part with prenatal stress.
Biological mediators such as child HPA and autonomic function
could also play a role in the development of NE and child internal-
izing difficulties (Cost et al., 2021).

Summary and future directions

The results of this study further specify the conditions in which
prenatal maternal affective psychopathology predicts child inter-
nalizing symptoms emerging early in development. Our results
indicate that different types of maternal affective psychopathology
may exert influence via distinct mechanistic pathways. There are a
number of hypothesized biological mechanisms underlying
prenatal stress exposure. Specifically, changes to the fetal HPA axis,
differences in brain development based on glucocorticoid expo-
sure, impact on the sympathetic nervous system, and alteration
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of fetal neurotransmitter systems have all been identified as pos-
sible pathways that contribute to child psychopathology
(Huizink & Rooij, 2018). However, it is not well understood
how these changes may be influenced by different types of stressors
(O’Donnell & Meaney, 2017; Tiemeier, 2017). For example, foetal
exposure to glucocorticoids is one common investigated biological
mechanism, demonstrating effects on child temperament and
internalizing symptoms (Buss et al, 2012; de Weerth et al,
2003). However, it has not been consistently found to mediate
the effect of maternal symptoms of prenatal psychopathology
(Davis et al., 2007, 2011). New avenues for further investigation
of biological pathways of prenatal stresses include integration of
genetic information into DOHaD models (O’Donnell &
Meaney, 2017). Indeed, genetic vulnerability has been implicated
in the path from maternal affective psychopathology symptoms
to fetal brain development (Qiu et al., 2017), temperament
(Babineau et al., 2015; Gordon Green et al., 2016), and child inter-
nalizing symptoms (Velders et al., 2012). As such, future directions
of this study include a continued investigation of how the relation-
ships between pregnancy-specific anxiety, the general maternal
psychopathology factor, NE, and child internalizing problems
might differ based on child genetic vulnerability. It is expected that
such further specification of the present model will continue to
help uncover the mechanisms of prenatal maternal affective
psychopathology, as well as provide evidence for more tailored pre-
vention and intervention.
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