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Abstract

Background. The development of childhood anxiety disorders (CADs) is likely to depend on
pathways that can be programmed by early-life risk factors. We test the hypothesis that early-
life maternal factors can predict this programming effect on CAD.

Methods. Data were obtained from 198 women and children from the Mercy Pregnancy and
Emotional Wellbeing Study (MPEWS), a cohort study with data collected across pregnancy,
postpartum and until 4 years of age. Maternal antenatal depression was measured using
the Structured Clinical Interview for DSM-IV (SCID-IV), together with antenatal hair cortisol
concentrations, maternal childhood trauma and parenting stress at 6 months postpartum.
CAD was assessed with the Preschool Age Psychiatric Assessment and the Child Behaviour
Checklist.

Results. Antenatal depression, a history of maternal childhood trauma and lower gestational
age at birth were each associated with anxiety disorders at 4 years of age in their children. A
multivariate binary logistic model with these early predictors explained approximately 9% of
variance in CAD outcome at 4 years of age; however, only maternal trauma and gestational
age were significant predictors in the model. The effect of early parenting stress on CAD
was found to vary by the concentration of maternal antenatal hair cortisol, whereby post-
partum parenting stress was associated with CAD only when there were higher maternal ante-
natal cortisol levels.

Conclusions. This study suggests the importance of maternal factors pre-conception, preg-
nancy and in the postnatal period, which predict CADs and this is consistent with a develop-
mental programming hypothesis for CAD.

Background

Anxiety disorders are prevalent in childhood and it is likely that the precursors to anxiety dis-
orders in childhood are multifactorial and include both psychological and biological factors
operating together from conception onwards (Glover, 2011; Lewis, Galbally, Gannon, &
Symeonides, 2014; Paulus, Backes, Sander, Weber, & von Gontard, 2015). There is increasing
interest in fetal programming theories to understand early-life factors that may increase the
risk for child mental health disorders.

There are numerous fetal exposures, which could be considered important in any pathway
to childhood anxiety disorders (CADs), but one promising area to understand is the link
between maternal antenatal depression and CAD (Capron et al, 2015; Goodman et al.,
2011; Madigan et al., 2018; McLean, Cobham, & Simcock, 2018). A recent review suggested
a doubling of risk of anxiety symptoms in children when exposed to maternal antenatal
depression and notably this was much greater than for postnatal or paternal depression expos-
ure (Capron et al., 2015; McLean et al., 2018). In addition to maternal depression, there is also
the consideration of the potential influence of transgenerational effects of trauma experiences
on the risk of offspring developing an anxiety disorder. This is supported by evidence that
maternal distress and parenting can mediate the association between the history of maternal
childhood abuse and poorer child outcomes (Plant, Pawlby, Pariante, & Jones, 2018).

Evidently, the mechanisms involved in pregnancy through which maternal depression and/
or past trauma experiences may increase the later development of CAD, will differ from the
postnatal period, because in pregnancy, this requires a biological pathway, which may be rea-
sonably expected to influence the fetus’ development of stress reactivity and
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neurodevelopment. While not the only potential biological mech-
anism, there is already evidence that antenatal maternal mental
health does alter the mother’s cortisol response to stress and it
is also known that circulating maternal cortisol can be transported
across the placenta (Glover, O’Connor, & O’Donnell, 2010;
Kammerer, Taylor, & Glover, 2006). Thus, alteration of the pre-
natal intra-uterine environment through maternal stress regula-
tion and cortisol may represent an early mechanism of
vulnerability to the development of CAD; there is some evidence
to suggest this may increase vulnerability further for CAD when
there are also stressors in the early environment such as those
associated with parenting and the parent-child relationship
(Bergman, Sarkar, Glover, & O’Connor, 2010; de Kloet, Joels, &
Holsboer, 2005; Glover et al., 2010; Lewis et al., 2014; Zijlmans,
Riksen-Walraven, & de Weerth, 2015).

Antenatal depression has also been associated in at least two
meta-analyses with increased risk of preterm birth (Grote et al.,
2010; Jarde et al., 2016). In turn, preterm birth is an early child
risk factor for a range of developmental and behavioural out-
comes including for children born at late preterm (Robinson
et al, 2013). A study specifically assessing late preterm birth
and mental health disorders in preschool children found late pre-
term birth was associated with increased risk for early CAD, and
furthermore, this association was mediated by maternal depres-
sion (Rogers, Lenze, & Luby, 2013). While this study did not col-
lect information on the timing of maternal depression, a
meta-analysis has found that antenatal depression is associated
with an increased risk of preterm birth (Jarde et al., 2016).

In the postnatal period, early parenting has been previously
identified as both a potential risk and a protective factor for
CAD (Lewis & Olsson, 2011). Parenting is a broad and complex
concept and studies have varied in focus from parenting beha-
viours to parenting stress and the quality of the parent-child rela-
tionship (Galbally & Lewis, 2017). Previously, early parenting
stress has been identified as an independent predictor of child-
hood anxiety symptoms (Lewis & Olsson, 2011).

In this study, we hypothesize that an offspring’s risk of devel-
oping CAD will be associated with a set of risk factors that affect
maternal stress regulation: maternal expression of psychopath-
ology and altered maternal HPA function. That is, the risk of
CAD in offspring will be higher if the mother has experienced
(i) exposure to childhood trauma; (ii) antenatal depression; (iii)
chronic antenatal stress measured using maternal cortisol levels;
and (iv) postnatal parenting stress. Firstly, we will examine
whether there are associations between antenatal maternal mental
health and postpartum parenting stress with CAD at 4 years age.
We will then test whether antenatal maternal mental health and
maternal early-life trauma, antenatal cortisol, gestational age at
delivery and early parenting stress predict CAD in children at 4
years of age in a multivariate model. Finally, we will examine
the marginal effects of maternal parenting stress and cortisol on
the probability of childhood CAD.

Method

This study draws on participants from the Mercy Pregnancy
Emotional Wellbeing Study, a prospective, selected cohort preg-
nancy study; women were recruited before 20 weeks of pregnancy
and followed up during third trimester, at delivery, 6 months, 12
months and at 4 years postpartum. This study utilizes data from a
subset of 198 women and children who have completed data on
the study variables from pregnancy to 4 years. Study participants
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comprised two groups: those with current depressive disorder at
recruitment (depressed; n=39) and control women (n=159).
On repeat diagnostic assessment at 6 months postpartum, a fur-
ther 10 women had developed major depression. A further 52
women in the overall sample met the criteria for a past depressive
disorder that occurred more than 2 years prior to pregnancy.
Further details of the study are described in the published study
protocol (Galbally et al., 2017). Mercy Health Human Research
Ethics Committee approved this study and all participants pro-
vided informed, written consent.

Measures
Maternal mental health

At recruitment, the Structured Clinical Interview for DSM-IV
(SCID-IV) was administered and then repeated at 6 months post-
partum (First, Spitzer, Gibbon, & Williams, 1997). The Edinburgh
Postnatal Depression Scale (EPDS) and the State-Trait Anxiety
Inventory (STAI) were also administered in pregnancy, post-
partum and 4 years assessment (Cox, Holden, & Sagovsky,
1987; Spielberger & Gorsuch, 1983). The EPDS has 10 items
and a response scale of 0-3. Summed EPDS can range between
0 and 30. The STAI yields both State and Trait total scores,
with 20 items each and using a response scale of 1 (Not at all)
through 4 (Very much so) and total STAI scores range between
20 and 80. For both scales, internal consistency across waves ran-
ged between 0.85 and 0.92. In pregnancy and the postpartum,
antidepressant use was self-reported by women in this sample
and there were 36 women taking antidepressant medication.
There were a range of different antidepressant medications and
further details are published (Galbally et al., 2017).

Maternal childhood trauma

Maternal childhood trauma history was measured using the brief
screen version of the Childhood Trauma Questionnaire (CTQ),
which is a 28-item self-report measure (Bernstein & Fink, 1998;
Bernstein et al., 2003). As previously reported, in our sample,
the total score CTQ and each of the five subscales (emotional
abuse and neglect, physical abuse and neglect, and sexual
abuse) demonstrated adequate to strong internal consistency,
with Cronbach’s as ranging from 0.75 to 0.92 (Galbally,
Watson, Boyce, & Lewis, 2019b). We have also previously
reported the specific numbers of women across each of the sub-
scales for the sample (Galbally et al., 2019b). In this study, we
used a dichotomized total CTQ score because of the positively
skewed reports of CTQ, with many women reporting no history.
Responses were dichotomized using severity cut-off scores, provided
by the CTQ manual to create binary groups (None-to-Minimal
v. Moderate-to-Severe).

Hair cortisol

As previously described for this cohort, a length of maternal hair
of approximately 20 g (150 strands) was collected on day 1 post-
delivery, which allows to retrospectively provide average cortisol
for each trimester of pregnancy (Galbally, van Rossum, Watson,
de Kloet, & Lewis, 2019a; Manenschijn, Koper, Lamberts, & van
Rossum, 2011; Smy et al., 2016). A hair questionnaire was admi-
nistered, and as previously reported, both bleaching and treating
hair during pregnancy were not associated with differences in
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hair cortisol concentration (HCC) (Galbally et al., 2019a). At least
5 mg of the most proximal 3 cm of hair was weighed for each hair
sample and samples were collected, processed and analysed as
previously described (Galbally et al., 2019a; Noppe, Rijke, Dorst,
Akker, & van Rossum, 2015). Hair cortisol was quantified by
liquid chromatography - tandem mass spectrometry using a
Xevo TQ-S system (Waters, Milford, MA, USA) (Galbally et al.,
2019a; Noppe et al, 2015). Minimum detection limits were
between 1.3 and 210 pg/mg.

Parenting stress

At 6 months postpartum, parenting was assessed using the
Parenting Stress Index, Short-form (PSI-4-SF; Abidin, 2012;
Barroso, Hungerford, Garcia, Graziano, & Bagner, 2016).
PSI-4-SF is a 36-item index, which uses a five-point Likert
scale, which yields a total score of overall parenting stress and
three subscales (Difficult Child, Parent Distress, and Parent-
Child Dysfunctional Interactions). Raw scale and total scores
can be converted to percentile scores for easier comparison across
research. Internal consistency of the total score on the PSI and
three subscales have been reported as adequate to strong, with
Cronbach’s as ranging between 0.75 and 0.92 (Barroso et al,
2016). Due to strong associations between the Parent Distress sub-
scale and mental health measures, we used an average of only the
Difficult Child and Parent-Child Dysfunctional Interactions sub-
scales as percentiles.

Childhood anxiety disorders

Preschool Age Psychiatric Assessment

CADs were assessed at 4 years of age using the Preschool Age
Psychiatric Assessment (PAPA). This is a structured diagnostic
interview for 3-8 years of age children that was administered to
the mothers of the children. It takes approximately 1 h to admin-
ister and draws on DSM-V-based symptoms to use computer
algorithms to generate DSM-V diagnoses. Our research team
has undertaken training with Duke University, Developmental
Epidemiology (Egger et al., 2006). Both the test-retest reliability
and the inter-rater reliability have been established (Egger et al.,
2006; Luby, Gaffrey, Tillman, April, & Belden, 2014). The
CADs assessed by the PAPA are generalized anxiety disorder,
social phobia, specific phobias, panic disorders, separation anxiety
disorder and obsessive-compulsive disorder.

Child Behaviour Checklist

Child Behaviour Checklist (CBCL) for ages 1.5-5 was collected
through maternal report (Achenbach & Rescorla, 2001). The
CBCL 1.5-5 consists of 99 items including an anxiety problem
scale. Psychometrics of the instrument has been well demon-
strated including in an Australian sample (Achenbach &
Rescorla, 2001; Hensley, 1988). For this study, anxiety problem
scale was examined and this assesses the symptoms of generalized
anxiety disorder, separation anxiety disorder and specific phobia.

Covariates

Maternal age, ethnicity, parity, employment status, education
(0 =no university, 1= university), relationship status (0=not in
a married or otherwise stable relationship, 1 = Married, de facto
or otherwise stable relationship), body mass index at recruitment,
and smoking and alcohol use during pregnancy were collected.
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For the child, gender (0 = fernale, 1 =male) and gestational age
at birth were also collected.

Data analysis

We first present descriptive statistics and then unadjusted associa-
tions (odds ratios [OR] for associations between CADs and binary
variables, and correlation coefficients between CADs and con-
tinuous variables) between sociodemographic characteristics and
observed mental health variables with the CADs binary variable
(1 =any CADs). We have previously described the approach to
how we transformed raw HCC (Galbally et al., 2019a) using the
natural log for this paper. Women who reported taking oral ster-
oid medication were excluded. From the PAPA, five children met
the criteria for a depressive disorder and these were excluded from
our analyses so that children in the comparison group did not
meet the criteria for an emotional disorder. Then, using a logistic
regression model, we include maternal self-report childhood
trauma, major depression diagnosis at recruitment in early preg-
nancy, antenatal HCC and parenting stress at 6 months post-
partum as the predictors of CADs at 4 years of age. In addition,
we include in the model the interaction term between antenatal
HCC during pregnancy and parenting stress at 6 months of age
(Karaca-Mandic, Norton, & Dowd, 2012). In models with binary
outcomes, the interpretation of continuous by continuous inter-
action terms in the model is complex and the significance of
the interaction term can vary. To properly evaluate the interaction
term in our multivariate logistic model, we follow Karaca-Mandic
et al. who recommend exploring continuous by continuous inter-
actions using the margins command to plot the marginal effect of
one continuous variable on the logit of the outcome at specific
values of the other continuous variable (Karaca-Mandic et al.,
2012). We plot these margins to assist in demonstrating the
exploration of differences within differences. In the model, con-
tinuous variables were centred and missing data were handled
using case-wise deletion. All statistical analyses were conducted
using Stata 16 (Statacorp, 2017).

Results
Sample characteristics

Sample descriptive statistics for maternal sociodemographic and
other key variables are presented in Table 1. While this cohort
was recruited from a public maternity hospital, these data do
demonstrate that in this sample women are mostly Oceanic/
European (89.3%), married, de facto or otherwise stable relation-
ship at recruitment (92.4%) and predominantly university-edu-
cated (68.5%) possibly reflecting the longitudinal nature of the
study and capacity of participants to commit to this. Within the
sample, women with current depression also were noted to have
significantly higher anxiety including state (Not depressed M =
32.0, s.0.=9.79 and Depressed M =43.00, s.0.=11.86) and trait
anxiety (Not depressed M =35.01, s.0. =9.83 and Depressed M =
47.71, s.0. = 9.23) as measured on STAI suggesting statistically sig-
nificant maternal co-morbid anxiety symptoms (both p <0.001).

Childhood anxiety disorders

In total, 41.8% of the children in this sample met diagnostic criteria
for one or more CAD. The most prevalent CADs were specific pho-
bias (n =58, 29.3%), followed by social phobia (n =30, 15.2%) and
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Table 1. Sample sociodemographic and other key characteristics (N =198)
N %
Child gender (male) 110 55.6
Maternal characteristics
Ethnicity (missing=1)
Oceania/European 176 89.3
Aboriginal and Torres Strait Islander Australians 2 1.0
Asian 16 8.1
Middle-Eastern 3 1.5
University education (missing =1) 135 68.5
Employment status at recruitment
Full-time work 137 69.2
Part-time and casual work 46 23.1
Other 14 7.7
Married, de facto or otherwise stable relationship (missing =1) 182 92.4
Nulliparous 179 90.4
Any smoking during pregnancy (missing=2) 21 10.6
Any alcohol use during pregnancy (missing=2) 68 34.7
Depression diagnosis at recruitment (SCID-IV) 39 19.7
History of moderate-to-severe childhood trauma (missing =4) 60 30.9
Antidepressant use during pregnancy 36 18.2
Mean (min-max) s.D.
Maternal age at recruitment 31.78 (19-48) 4,59
Maternal STAI state 34.24 (20-75) 11.09
Maternal STAI trait 37.51 (20-70) 10.93
Gestational age at birth 39.37 (30.30-42.10) 1.66
Child age at assessment 4.17 (3-5) 0.23

Valid percentage.

Table 2. Unadjusted associations (OR 95% Cls) between sociodemographic and mental health variables with childhood anxiety disorders diagnosed at 4 years of

age using the preschool age psychiatric assessment (N =198)

No disorder CAD
(n=117) (n=81)
Sociodemographic and mental health variable N %° N %? OR (95% Cls) p value
Male child 64 54.7 46 56.8 1.09 (0.62-1.93) 0.291
University education 79 67.5 56 70 1.12 (0.61-2.08) 0.368
Smoking during pregnancy 16 13.8 5 6.3 0.42 (0.15-1.19) 0.102
Alcohol during pregnancy 52 36.2 26 325 0.84 (0.47-1.49) 0.542
Depression diagnosis at recruitment (SCID-1V) 17 15.7 22 28.6 2.19 (1.08-4.46) 0.030
History of moderate-to-severe childhood trauma 26 23.1 34 42 2.42 (1.30- 4.51) 0.005
Antidepressant use during pregnancy 18 15.4 18 22.2 1.57 (0.76-3.25) 0.222

CAD, childhood anxiety disorders; OR, odds ratio; Cls, confidence intervals.
“Missing data handled using case-wise deletion.

then generalized anxiety disorder (n =21, 10.6%). Only one child
was diagnosed with panic disorder without agoraphobia.

Table 2 displays the proportions of children with CADs, v.
those without a CAD, across sociodemographic and mental health
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binary variables. Children of women who reported a childhood
history of moderate-to-severe trauma, compared to women who
reported none-to-minimal childhood trauma, were at 2.42 greater
odds of having a CAD at 4 years of age. Likewise, children of
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Table 3. Zero-order bivariate correlations between sociodemographic characteristics and mental health with childhood anxiety disorders diagnosed at 4 years of age, and univariate descriptive statistics (n=198)

1 2 3 4 5 6 7 8 9 10 11 12 13 14
1. Childhood anxiety -
diagnosis (1)
2. CBCL anxiety scale (raw) 0.32*** -
3. Maternal age at 0.04 —0.04 -
recruitment
4. Child age at PAPA 0.12 0.03 —0.18* -
assessment
5. Gestational age at birth -0.17* —-0.16* 0.01 -0.12 -
6. Average HCC during 0.02 —0.10 0.08 0.23** 0.04 -
pregnancy?
7. Parenting stress at 6 0.12 0.15 0.01 —0.05 —0.04 —0.12 =
months postpartum
8. Parenting stress at 4 years 0.23** 0.34*** 0.06 —-0.01 —0.05 —-0.10 0.31*** -
postpartum
9. State anxiety symptoms at 0.10 0.33*** 0.07 -0.11 —0.02 —-0.12 —0.46™** 0.35*** -
6 months postpartum
10. State anxiety symptoms 0.08 0.41*** 0.04 0.04 —0.01 0.01 0.18* 0.44*** 0.56*** =
at 4 years postpartum
11. Depressive symptoms at 0.09 0.34*** —0.03 0.05 —0.05 —0.03 0.37*** 0.34*** 0.76*** 0.50*** -
6 months postpartum
12. Depressive symptoms at 0.07 0.32*** —0.02 —0.01 0.04 —0.04 0.20** 0.44**** 0.55*** 0.81*** 0.58*** -
4 years postpartum
13. Moderate-to-severe 0.20** 0.14 0.00 0.03 0.07 —0.07 0.00 0.14* 0.19** 0.19** 0.21** 0.18* -
childhood trauma (1)
14. Depression diagnosis at 0.16* 0.19* —0.07 0.18* —0.04 —0.03 0.05 0.09 0.21** 0.25** 0.22** 0.31** 0.18* -
recruitment (1)
Mean 0.41 2.86 31.78 4.17 39.37 1.17 27.73 40.86 31.71 34.01 5.97 6.17 0.31 0.20
Standard deviation 0.49 2.92 4.59 0.23 1.66 0.94 19.86 23.29 8.93 10.85 4.33 4.41 0.46 0.40
Range 0-1 0-18 19 40 3-5 30.30- 0.26- 2.50- 2.50- 20.00- 20.00- 0.00- 0.00- 0-1 0-1
32.10 3.65 80.00 98.50 58.00 71.00 22.00 19.00

Correlations between binary and continuous variables represent point-biserial coefficients, and between binary and binary variables represent Phi coefficients.
?Log-transformed variable (raw descriptive statistics for average HCC during pregnancy: Mean =3.22, s.0. =2.56, range: 1.30-38.47).

*p <0.05, **p <0.01, ***p <0.001.
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women with depression in early pregnancy, compared to those
without depression, were at 2.19 greater odds of having a CAD.

Table 3 displays zero-order correlations amongst sociodemo-
graphic and mental health variables with the CADs variable, as
well as univariate descriptive statistics for each variable. These cor-
relations demonstrate that in addition to childhood trauma and
depression at recruitment, CAD at 4 years of age was significantly
associated with lower gestational age at birth. Antidepressant
medication in pregnancy was not associated with CAD. When
examining the CBCL Anxiety Problem scale, children with
CADs scored significantly higher raw scores on the anxiety prob-
lem scale using the CBCL (p <0.001). Children of mothers who
had depression diagnosed in pregnancy scored significantly
higher raw scores on the Anxiety Problems scale (p=0.024),
but no difference when using t-scores (p =0.095).

Maternal trauma, antenatal mental health and early
postpartum parenting stress predicting CADs

We next fit a multivariate binary logistic regression model. The
fitted regression model was a significantly better predictive model
of CAD than the null model was of CAD [Wald x*(df=6) =
20.48, p=0.002], explaining approximately 9% of the variance of
the CAD latent response variable. Model estimates are presented
in Table 4. In the multivariate model, diagnosed depression at
recruitment was not associated with CADs ( p = 0.099), but mater-
nally reported moderate-to-severe childhood trauma was associated
with significantly higher odds ratio of CAD diagnosis at 4 years
postpartum compared to women who reported none-to-minimal
childhood history of trauma ( p = 0.003). Lower gestational age at
birth was also associated with a significantly higher odds ratio for
CAD, when compared to higher gestational age at birth (p=
0.014). Both average maternal antenatal HCC (p=0.227) and
parenting stress at 6 months postpartum were not significantly
associated with CADs; however, the effect of parenting stress at
6 months postpartum was approaching significance (p =0.056).
A sensitivity analysis excluding the 52 women in the control
group who met diagnostic criteria for past depressive disorder
more than 2 years prior to pregnancy demonstrated the same sub-
stantive results as presented in Table 4.

Although the interaction term was not significant between
parenting stress at 6 months postpartum and average maternal
antenatal HCC within our model, as planned we plotted the mar-
ginal effect of the continuous variable, parenting stress, on the
logit of CADs at specific values of the other continuous variable,
HCC. Figure 1 demonstrates that the effect of parenting stress at 6
months postpartum on the logit of CAD varies by level of ante-
natal HCC. The figure demonstrates that for levels of antenatal
HCC that are above the mean (1.17), higher levels of parenting
stress at 6 months postpartum are associated with significantly
higher logits for CAD, and the size of this effect increases as
HCC increases. However, for average and below-average levels
of antenatal HCC, there is no significant effect of parenting stress
in the early postpartum on the logit of CAD. Given the HCC vari-
able was skewed towards lower concentrations, this suggests that
for most of this sample, CADs are not associated with variation
in parenting stress in the early postpartum; however, for women
with above-average antenatal HCC, higher parenting stress at 6
months postpartum was associated with higher probability of
CAD at 4 years of age.

To compare the symptom-based self-report measures with
diagnostic measures of child and maternal mental health, we fit
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several alternative models similar to the CAD model reported in
Table 4. We first replaced the SCID diagnosis with self-reported
depressive symptoms on the EPDS in pregnancy (average of
EPDS reported in early pregnancy and third trimester), and in
a separate model, we replaced with the average score on the self-
reported trait anxiety measure in pregnancy (STAI-T), and these
two models were used to predict CAD at 4 years old. In both
models, the pattern of the results was the same as the results of
the CAD model reported in Table 4 using the SCID. Although,
both pregnancy depressive symptoms (B =—0.03, s.e.=0.04, p =
0.56), and separately, trait anxiety symptoms (B=0.02, sE.=
0.02, p =0.349), demonstrated weaker, non-significant effects on
CAD compared to antenatal depression diagnosed by the SCID.
In another alternative model using the same predictors as those
reported in Table 4, we replaced CAD diagnosis from the PAPA
as the outcome with the CBCL anxiety problem scale (raw). In
this model, none of the included variables significantly predicted
anxiety symptoms in children.

Discussion

There are three key findings of this study. Firstly, that CAD in oft-
spring at 4 years of age is associated independently with maternal
antenatal depression and maternal exposure to childhood trauma,
and these are of a similar magnitude as the small-to-moderate
association found in previous research using predominantly
symptom measures of maternal and child mental health
(Goodman et al., 2011; Plant et al., 2018). Secondly, we were
able to predict 9% of variance for CAD within a multivariate
model that included maternal antenatal depression, maternal
childhood trauma, cortisol levels in pregnancy, gestational age
of the infant at birth and parenting stress at 6 months postpartum,
but found maternal childhood trauma and gestational age at birth
were the only significant predictors in the model. Thirdly, that the
relationship between antenatal hair cortisol, parenting stress and
CAD was such that the likelihood of a child having CAD was
only significant when there were both higher levels of antenatal
maternal cortisol and higher postpartum parenting stress, but
not when there was low maternal antenatal cortisol levels.
Overall, these findings from our longitudinal study, albeit
derived from observational data, provide preliminary evidence
that is consistent with an association between early-life maternal
risk factors and CAD in offspring. The implied aetiological model
of CAD, which our findings suggest, is one that is likely to be
multifactorial, trans-generational and where maternal factors
operating pre-conception as far back as early-life trauma, as
well as factors in pregnancy and the postpartum are all vital to
understand the early development of CAD (Glover, 2011;
Glover et al.,, 2010; Lee & Vaillancourt, 2019; Murray, Creswell,
& Cooper, 2009). The role of cortisol in understanding maternal
mental health and child outcomes that we found is consistent
with reviews and commentaries where there is not a simple rela-
tionship with either maternal or child outcomes (Galbally et al.,
2019a; Zijlmans et al., 2015). Nevertheless, our findings suggest
that cortisol may influence pathways across early life towards
child mental health outcomes through potential exposure to
increased glucocorticoids in utero influencing early neurodevelop-
ment but only in the context of early environment and in particu-
lar the quality of caregiving (Bergman et al., 2010; Zijlmans et al.,
2015). This model of developmental programming is supported
by previous research which found an association between poorer
child cognitive outcomes and exposure to higher antenatal
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Table 4. Results for logistic regression model using maternal predictors of CAD diagnosis in offspring at 4 years of age, by maternal predictors, with robust standard

errors and 95% confidence intervals for odd ratios (n=194)

B Robust s.e. B p OR (95% Cls)

Intercept —0.74 0.21 <0.001 0.48 (0.32-0.71)
Gestational age at birth 0.24 0.10 0.014 1.27 (1.05-1.53)
Moderate-to-severe childhood trauma 0.98 0.33 0.003 2.65 (1.39-5.09)
Major depression diagnosis 0.61 0.37 0.099 1.83 (0.89-3.77)
Maternal antenatal HCC 0.21 0.17 0.227 1.23 (0.89-3.77)
Parenting stress at 6 months postpartum 0.001 0.01 0.056 1.02 (1.00-1.03)
Interaction term

Parenting stress at 6 months postpartum x maternal antenatal HCC 0.01 0.001 0.110 1.01 (1.00-1.03)

*0<0.05, **p <0.01.

015

01
!

0

Parenting Stress on CAD
005

Estimated Coefficients for the Effect of Early

-.005

T T T T T T T T T T T T T T T
0.260.460.660.861.061.261.461.661.862.062.262.462.662.86 3.06 3.

2 =

6

Average Log-transformed Maternal HCC During Pregnancy

Fig. 1. The marginal effect of parenting stress at 6 months postpartum on the logit of the outcome, CAD at 4 years of age, across the range of maternal antenatal
hair cortisol concentrations. CAD, childhood anxiety disorders; HCC, hair cortisol concentrations. Error bars denote 95% confidence intervals of the marginal

estimates.

cortisol was moderated by the quality of infant-parent relation-
ship (Bergman et al.,, 2010).

This study confirmed the association between lower gesta-
tional age at birth and an increased risk of developing CAD
(Treyvaud et al., 2013). While we examined this as a continuous
variable and did not specifically focus on preterm infants, this
finding highlights the importance of gestational age at birth
for mental health outcomes. Furthermore, previous research
has identified, even for those infants born as late pre-term
babies, there may be a potential increased risk for later mental
health symptoms (Robinson et al., 2013; Rogers et al., 2013).
Preterm birth has been associated with a range of poorer devel-
opmental and behavioural outcomes, most likely due to both
the pregnancy complications that result in preterm birth as
well as post-delivery complications from being born preterm
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(Slattery & Morrison, 2002). Together with a previous study,
these study findings suggest the importance of continuing to
explore a potential association specifically with CAD (Rogers
et al.,, 2013).

There has been a substantial body of research, including two
meta-analyses, suggesting that maternal depression is associated
with poorer child mental health (Glynn et al, 2018; Goodman
et al.,, 2011; Madigan et al., 2018; McLean et al., 2018). Our find-
ings complement these earlier studies by confirming the import-
ance of maternal antenatal depression as a risk factor for CAD but
demonstrated that other factors such as maternal childhood
trauma and a child’s gestational age at delivery were also import-
ant predictors.

Maternal trauma history has been found to be associated with
poorer child outcomes and our study shows now a specific link to
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anxiety disorders (Capron et al., 2015; Plant et al.,, 2018). Within
our sample, 31% of women had a history of moderate-to-severe
trauma and this is consistent with previous studies (Scher,
Forde, McQuaid, & Stein, 2004; Xie et al., 2018). Overall, our find-
ings suggest that maternal childhood trauma is an important
focus for understanding the predictors of CAD, and against the
hypothesis, our study findings suggest this does not appear to
be either through or due to associations with maternal depression,
maternal antenatal cortisol or parenting stress but may be an
independent risk factor. While there is now a substantial body
of research to show the detrimental impact of childhood trauma
on an individual’s later life outcomes (Bellis et al., 2015), there
are also increasing findings that suggest these impacts are also
inter-generational (Le-Scherban, Wang, Boyle-Steed, & Pachter,
2018; Plant et al., 2018). It is now a challenge for researchers to
find the potential mechanisms and pathways that underlie how
historical childhood trauma experiences impact on the mental
health outcomes for the next generation.

The high rate of CAD was surprising given the reported popu-
lation rates for these disorders in Australia. In contrast to 5.7%, as
reported in the 2nd National Survey of Australian Children in
2016 and 19-22% in pre-school children in other community
samples, 41.8% of children in our sample met the criteria for an
anxiety disorder placing the children in this sample of the
MPEWS cohort at a 6.75 increased risk of having a CAD (95%
CI 4.45-10.21, p<0.001) relative to the Australian population
data (Finsaas, Bufferd, Dougherty, Carlson, & Klein, 2018;
Lawrence et al., 2016; Paulus et al, 2015). Although it should
be noted the Australian National Survey of Child Mental Health
utilized a diagnostic measure that has limited validity and reliabil-
ity for 4-year-old children and recruited a general community
sample (Lawrence et al,, 2016). Our study is a selected cohort
for depression and as such represents a higher risk sample for
mental health than a community sample. For instance, in this
study, 46% of women had a history of depression at some point
in their lifetime and higher rates of anxiety symptoms and this
supports the notion that this is a high-risk sample for transge-
nerational anxiety and depressive disorders.

One of the strengths of this study was the use of both diagnos-
tic and symptom-based measures in mother and child. Using the
CBCL anxiety problem subscale, we demonstrated the children
with a diagnosis of CAD had higher anxiety symptoms on this
well-validated and widely used measure. However, when the
CBCL anxiety subscale was substituted for the PAPA in the
model, it was no longer significant. The CBCL provides a continu-
ous measure of symptoms in the child, whereas the PAPA is pre-
cise in identifying those children who have reached clinical
diagnostic threshold for an anxiety disorder. These findings sup-
port a focus on diagnostic measurement of mental health as vital
to progressing knowledge about CAD rather than the broader
more common anxiety symptoms. The use of a diagnostic meas-
ure in mother and child also places these findings and this
research in a clinical context where these women and these chil-
dren do reach diagnostic threshold for clinical care and as such
the research is of direct relevance to this context.

While this study has focused on maternal predictors of CAD, a
limitation includes the lack of inclusion of data on paternal par-
enting and mental health as an additional influence on CAD
(Bogels & Phares, 2008). As a selected cohort with over-
representation of mothers with past and current depression,
many of the offspring are likely to carry an increased genetic
risk for anxiety disorders and this study cannot account for
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such transmission. Due to sample size restrictions, this study
was also unable to examine the impact of maternal factors on
individual CAD. Sample size also restricted the complexity and
variables that can be included within any statistical model.

In conclusion, our study underscores the importance of risk
factors from pre-conception, pregnancy through to postpartum
in the development of CAD. Future research can continue to
refine our understanding of the pathways from conception to
CAD and identify the earliest modifiable pathways and risk fac-
tors beginning in utero.
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