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Abstract

The current study investigates whether prepregnancy maternal posttraumatic stress disorder
(PTSD) symptoms, depressive symptoms, and stress predict children’s cortisol diurnal slopes and
cortisol awakening responses (CARs) adjusting for relevant variables. Mothers were enrolled after
delivering a baby and followed through their subsequent pregnancy with 5 years of longitudinal
data on their subsequent child. This prospective design allowed assessment of PTSD symptoms,
depressive symptoms, and perceived stress prior to pregnancy. Children provided three saliva
samples per day on three consecutive days at two timepoints in early childhood (M age =

3.7 years, SD = 0.38; Mage = 5.04 years, SD = 0.43). Mothers’ PTSD symptoms prior to
pregnancy were significantly associated with flatter child diurnal cortisol slopes at 4 and 5 years,
but not with child CAR. Findings at the age of 4 years, but not 5 years, remained statistically
significant after adjustment for maternal socioeconomic status, race/ethnicity, child age, and other
covariates. In contrast, maternal prepregnancy depressive symptoms and perceived stress did not
significantly predict cortisol slopes or CAR. Results suggest that maternal prepregnancy PTSD
symptoms may contribute to variation in early childhood physiology. This study extends earlier
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work demonstrating risk of adverse outcomes among children whose mothers experienced trauma
but associations cannot be disentangled from effects of prenatal mental health of mothers on
children’s early childhood.
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1| INTRODUCTION

Developmental origins of disease and fetal programming models propose that the prenatal
environment shapes fetal development and affects offspring health over the life course (D.
J. P. Barker, 1998; Gluckman & Hanson, 2004). A growing body of research indicates
that maternal experiences prior to conception may also shape the subsequent development
and health of offspring (Fleming et al., 2018; Stephenson et al., 2018). Dysregulation
ofthe hypothalamic—pituitary—adrenal (HPA) axis is a potential mechanism underlying the
intergenerational transmission of maternal stress and mental health (Adam et al., 2017;
Howland et al., 2017). The goal of the present study was to examine whether maternal
mental health and perceived stress reported prior to conception relate to patterns of diurnal
cortisol, a noninvasive measure of HPA axis functioning, in preschool-aged children.

Life-course models and empirical findings on maternal—child health suggest that parent
health and experiences before conception shape pregnancy outcomes and child development
(Lu & Halfon, 2003; Misra et al., 2003; Ramey et al., 2015). Maternal preconception

stress increases risk of adverse birth outcomes, after controlling for pregnancy stress levels
(e.g., Class et al., 2013; Class et al., 2015; Harville et al., 2010; Mahrer et al., 2021,

Witt et al., 2012). Studies using animal models have experimentally elevated preconception
maternal stress exposure, while controlling for further stress during pregnancy, and detected
adverse neurodevelopmental outcomes in offspring (see Keenan et al., 2018 for a review).

In humans, preconception maternal stress and mental health symptoms have been associated
with adverse outcomes in infancy and childhood, including higher incidence or risk of

sleep disturbances (Baird et al., 2009), emotional reactivity (Spry et al., 2020), negative
affectivity (Swales et al., 2022), behavior problems (Letcher et al., 2020), and attention-
deficit/hyperactivity disorder in males (J. Li et al., 2010). Studies of maternal mental health
and stress prior to conception can provide insights about the long-term effects on offspring,
with potential implications for screening and treatment in individuals prior to and during
pregnancy.

These findings warrant further study of intergenerational effects of stress exposure on
underlying physiological mechanisms, such as HPA axis activity. Preconception research
examining child outcomes in humans is largely based on data from national registries
without detailed physiological measures (e.g., J. Li et al., 2010) or retrospective maternal
report of preconception mental health and stress (e.g., Witt et al., 2012, 2014), suggesting a
need for prospective investigations.
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Prenatal programming of the HPA axis is a demonstrated pathway through which fetal
exposures affect health outcomes across the lifespan (Brand et al., 2010; Yehuda &

Bierer, 2007; Yehuda et al., 2000, 2005). HPA axis activity can be measured through
cortisol, a hormone that modulates activity of varied physiological systems (e.g., immune,
cardiometabolic) that are important for health (DeMorrow, 2018). Cortisol is secreted
throughout the day in a diurnal pattern characterized by high levels on morning awakening,
an increase over the first 30—40 min after waking known as the cortisol awakening response
(CAR), and gradual decreases across the day to reach low levels by bedtime, known as

the diurnal slope (Kirschbaum & Hellhammer, 2000). This diurnal rhythm develops during
infancy and early childhood to be consistent with the pattern in adults (Gunnar & Quevedo,
2007).

Dysregulation of the diurnal rhythm of the HPA axis is associated with adverse physical
and mental health outcomes across the lifespan. During childhood, flatter diurnal slopes
predict greater externalizing symptoms (Ruttle et al., 2011), mental health symptom severity
(Shirtcliff & Essex, 2008), and risk of upper respiratory infections (Turner-Cobb et al.,
2011). The magnitude of the CAR is also associated with higher externalizing symptoms

in early childhood (McGinnis et al., 2016) and risk of internalizing disorders during
adolescence and adulthood (Adam et al., 2010, 2014; Harris et al., 2000; Rao et al.,

2010; Vrshek-Schallhorn et al., 2013). Overall, evidence indicates that dysregulation of
diurnal cortisol has downstream effects on multiple aspects of biology, behavior, and health.
Only a few studies have considered whether maternal stress and mental health symptoms
prior to conception shape the developing HPA axis in humans. Slopen et al. (2018) found
that maternal lifetime history of trauma exposure related to higher levels of hair cortisol

in offspring at 3—4 years of age. Others reported that preconception trauma experienced

by mothers shapes HPA outcomes in offspring, extending into adulthood (Lehrner et al.,
2014; Yehuda et al., 2000; Yehuda et al., 2007; Yehuda et al., 2002). Such evidence
indicates that maternal experiences even before pregnancy may influence the HPA axis

in offspring. Notably, these studies assessed prepregnancy variables retrospectively and, to
our knowledge, no prior study prospectively examined multiple prepregnancy predictors of
offspring cortisol patterns.

2| CURRENT STUDY

Using a prospective cohort study in a socioeconomically, racially, and ethnically diverse
sample of maternal—child pairs, we examined how maternal mental health symptoms and
perceived stress prior to conception relate to diurnal cortisol slopes and CARs in preschool-
aged children. We assessed mothers’ posttraumatic stress disorder (PTSD) symptoms,
depressive symptoms, and perceptions of stress after one birth and prior to a subsequent
pregnancy. Children provided cortisol samples via saliva at two time points, when they were
approximately 4 and 5 years of age. We hypothesized that higher levels of maternal PTSD
symptoms, depressive symptoms, and perceived stress prior to conception predict smaller
CAR and flatter diurnal slopes in children.
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3| METHOD

3.1| Participants

Participants were 85 mother—child dyads. Mothers were recruited by the Community Child
Health Network (CCHN) following the birth of a child. Women completed study visits after
that birth and during and after a subsequent pregnancy and livebirth.1

Participants then enrolled in a follow-up study and completed additional home visits during
their subsequent child’s early childhood. Mothers provided ratings of prepregnancy stress
and mental health and subsequent children provided saliva samples at the age of 4 years
(n =281 at Time 1). Of these children, 66 (77.6%) provided saliva samples again at the

age of 5 years, and four additional children provided samples at the age of 5 years but

not age 4 years (n= 70 at Time 2). Participation did not differ as a function of mothers’
education, race/ethnicity, age, family income, depressive symptoms, perceived stress, and
post-traumatic symptoms, or by child’s race or sex, all gs > .1. Further detail on CCHN
and the follow-up study is reported elsewhere (Dunkel Schetter et al., 2013; Mahrer et al.,
2021; Morgan et al., 2020; Ramey et al., 2015). Table 1 presents description of the analytic
sample.2

3.2| Procedures

Mothers completed structured in-home interviews at 6-month intervals after the earlier birth
in English or Spanish. Mother—child pairs in the follow-up study completed additional home
visits during early childhood when the subsequent child was approximately 4 years old (M
=3.77, SD = 0.38, range = 3.5-4.7) and approximately a year later (A/=5.04, SD = 0.43,
range = 4.3-6.1). Parents received gift cards for completing the study visits and the child
received a small gift at each visit. The Institutional Review Boards at each site approved the
study, and mothers provided written informed consent for themselves and their child.

3.3| Measures

3.3.1| Sociodemographic and medical variables—Mothers reported children’s
biological sex at birth and race/ethnicity as well as their own race/ethnicity, household
income, and years of education completed. Timing of prepregnancy visits relative to
conception was estimated based on child due date and birthdate.

1Participants in the CCHN cohort were followed for up to 2 years after the first birth, and there were 447 subsequent pregnancies
identified by study staff. To determine whether mental health after the first child’s birth predicted who went on to have another child
in this sample, we compared these 447 participants to the 1068 women who remained in contact with the study through the end of

the follow-up period but did report a subsequent pregnancy. There were no differences between the two groups in PTSD symptoms

at 6 months postpartum or perceived stress at 1 month, 6 months, or 12 months postpartum, or in depressive symptoms at 1 month, 6
months, or 12 months postpartum (all gs > .10). Thus, it appears unlikely that mental health after the first child predicted who went on
to have another child in this sample.

2The analytic sample of 85 mother—child dyads included in analyses did not differ significantly from the full cohort (7= 129) with
respect to study site, length of interpregnancy interval, child sex, household income, mother’s education, mother’s relationship status,
or maternal prepregnancy perceived stress, depressive symptoms, and PTSD symptoms. Children in the analytic sample were slightly
younger at the time of the first study visit (M = 3.77, SD = 0.47) than those in the full cohort (M = 3.85, SD = 0.42), {125) = 2.33, p
=.02); there were no significant age differences at the second study visit. Mothers in this sample were less likely to identify as African
American/Black (13% vs. 21% in the full cohort), and children were also less likely to be Black (11% vs. 19% in the full cohort).
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3.3.2| Maternal PTSD symptoms—Mothers reported PTSD symptoms prior to
pregnancy using the PTSD Checklist—Civilian Version (PCL-C; Blanchard et al., 1996)
indicating how much they were bothered by symptoms in the past month, on a 5-point Likert
scale from 1 (not at all) to 5 (extremely). Item ratings were summed, with higher scores
indicating more PTSD symptoms (see Table 1). The PCL-C is a reliable, well-validated
measure of PTSD symptoms (Ruggiero et al., 2003), previously used to assess PTSD
symptoms in women during the perinatal period (e.g., Huth-Bocks et al., 2013). Prior work
in the larger CCHN cohort provided further validation of this measure by documenting

an association between PCL-C scores and past-year trauma burden (Thomas et al., 2021).
Consistent with prior research, a cut-off score of 30 was used to indicate clinically elevated
symptoms and a probable diagnosis of PTSD (Swales et al., 2022), and 13 participants
(20.31%) met criteria for clinically elevated symptoms. The PCL-C demonstrated excellent
internal consistency in the present sample (a = .91). On average, participants completed the
PCL-C 56.4 weeks before conception (SD = 50.0, median = 37 weeks).

The sample for analyses including PTSD symptoms is smaller (7= 64) because eight
women did not complete this assessment and 13 women were pregnant by 6 months

after delivery of the first child (when this measure was completed), thus preventing a
preconception measure for them. Of the children who completed cortisol samples at each
time point, 56 children provided saliva samples at the age of 4 years and had preconception
reports of their mother’s PTSD symptoms (69.1% of children who provided cortisol at the
age of 4 years) and 51 children provided saliva samples at the age of 5 years and had
preconception reports of their mother’s PTSD symptoms (72.9%).

3.3.3| Perceived stress—Perceived stress was measured using the 10-item brief
version of the Perceived Stress Scale (PSS; Cohen et al., 1983) at an average of 25.3 weeks
before conception of the study child (SD = 27.4). The PSS was administered during study
visits scheduled at 6-month intervals after the previous birth, and the score from the visit
most proximal to the study’s child date of conception was used in analyses. Participants
responded on a scale ranging from 1 (never) to5 (almost always). Item responses were
summed after four positively worded items were reverse-coded. Scores had a possible range
of 10-50, with higher scores indicating higher perceived stress. Cronbach’s alpha indicated
good reliability for this measure (a = .80).

3.3.4| Depressive symptoms—~Participants completed the 10-item Edinburgh
Postnatal Depression Scale (EPDS; Cox et al., 1987). The EPDS was administered 1, 6,

and 12 months after the earlier birth. The score from the prepregnancy visit most proximal to
the study child’s estimated date of conception was used in analyses (M = 38.0 weeks before
conception, SD = 41.5). A composite was created using the sum of the 10 items. Scores

can range from 0 to 30, with higher scores indicating more severe depressive symptoms.
Cronbach’s alpha indicated good reliability for this measure (« = .83). In the present sample,
nine mothers (10.59%) had EPDS scores >12, indicating probable postpartum depression.

3.3.5| Child cortisol—Parents collected saliva samples from their children three times
per day for three days following each early childhood home visit. They were instructed to
take samples immediately after the child woke up, 30 min. after awakening, and at bedtime.
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Saliva was collected using absorbent Weck-Cel Spears (Beaver-Visitec International,
Waltham, MA, USA). Instructions noted that children should not eat, drink, or brush teeth
before completing a saliva sample. After collection, parents were asked to write the date and
time of collection on a label, refrigerate the sample, and then return all collected samples by
mail at the end of the 3-day collection period. Samples were centrifuged at 3000 RPM for 15
min to extract absorbed saliva and stored in an —80°C ultralow freezer. They were shipped
on dry ice to the Technische Universitat Dresden (Dresden, Germany) where they were
assayed in singlet for salivary cortisol by immunoassay with chemoluminescence detection
(CLIA) from IBL-Tecan (Hamburg, Germany), catalogue number R62111. Out-of-range
observations were rerun. Samples were assayed in three batches over the course of the
four-year study period. Average intra- and inter-assay coefficients of variation were less than
7 and 9%, respectively.

Parents also completed diaries documenting the child’s wake time, bedtime, sample
collection times, and medication intake. MEMS track caps (MWYV Switzerland Ltd.) on
bottles containing eye spears electronically logged the time that each sample was collected
for a subset of participants (n7=19) at the age of 4 years visit to check if timing of cortisol
collection was reported accurately. Comparisons of self-reported collection times with data
recorded using MEMS caps showed an average discrepancy of 2.34 min (SD = 25.95) for
samples collected upon awakening, 2.98 min (SD = 25.95) for samples collected 30 min
after waking, and 5.62 min (SD = 24.64) for bedtime samples.

Cortisol slope was calculated by subtracting waking cortisol from evening cortisol and
dividing by the amount of time in hours between the two measurements. CAR was
calculated by subtracting waking cortisol from waking +30 cortisol. Most waking +30
samples were provided within 20-40 min of the waking sample (86.99% at the age of 4
years; 89.89% at the age of 5 years). Demographic factors and maternal mental health were
not related to odds of timely completion at the age of 4 years, although older children (B
=-0.21, SE = 0.07, p<.001), children whose mothers had higher preconception PTSD
symptoms (8= -0.11, SE = 0.05, p=.011), and children whose mothers were higher in
depressive symptoms (8= -0.01, SE = 0.007, p=.0136) were less likely to provide samples
on time at the age of 5 years. Models were tested with all values of CAR and after limiting
values to those including waking +30 samples collected 20-40 min after waking samples.

3.4 | Analytic plan

Prior to analysis, child cortisol was examined for outliers (>3 standard deviations from
sample mean). All values of CAR and diurnal slope were within three standard deviations of
the mean at the age of 5 years. At the age of 4 years, there was one extreme value for CAR
and one extreme value for diurnal slope that exceeded three standard deviations above the
mean; each of these values was winsorized to three standard deviations.

3.4.1| Unadjusted models—Hierarchical multilevel models tested the variance in
cortisol slope and CAR predicted by mental health variables. Multilevel models with days
(Level 1) nested within children (Level 2) were used. Separate models tested whether
maternal PTSD symptoms, perceived stress, and depressive symptoms were related to
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children’s cortisol, with separate models for CAR and diurnal slope. Models were tested

for children’s cortisol at ages of 4 and 5 years. All models covaried for children’s use of
corticosteroid medication, given potential associations with cortisol output (n= 4, 7.1% of
sample at the age of 4 years; n= 6, 11.8% at the age of 5 years; dummy-coded as no use =0,
use =1).3

3.4.2| Adjusted models—Covariates were selected based on theory and previous
research showing that they are associated with cortisol slopes and/or the CAR (DeSantis

et al., 2007; Jessop & Turner-Cobb, 2008; Martin et al., 2012). All models were repeated
adjusting for mother’s reports of child wake time and sleep duration from the previous

night at Level 1, and child sex, child race/ethnicity, child age, mother’s years of education,
household income relative to the poverty line, and current symptoms at Level 2. Models with
depressive symptoms and perceived stress as the predictor variables adjusted for maternal
depressive symptoms or perceived stress, respectively, at the time when child cortisol was
collected in early childhood. While maternal PTSD symptoms were not assessed at the early
childhood visits, we tested models controlling for levels of perceived stress and depressive
symptoms at the time of the study visit to account for current mental health status. Maternal
anxiety symptoms were measured only at the study visit when children were aged 5 years
using the Overall Anxiety Severity and Impairment Scale (Campbell-Sills et al., 2009) and
included in models predicting age 5 years diurnal cortisol parameters from PTSD to further
adjust for current mental health symptoms. Continuous covariates were mean centered.

We also repeated the final adjusted models using Bayesian statistics to estimate credible
intervals, given the relatively small sample size.

4| RESULTS

41| Preliminary analyses

Paired samples £tests across all observations indicated that cortisol significantly increased
from wake to 30 min postwake at the age of 4 years, £201) = 2.13, p=.034, D=0.16,

and at the age of 5 years, {177) = 2.20, p=.029, D= 0.17. Consistent with prior work

in toddlers and young children showing negative CAR in some participants (Baumler et al.,
2013), 43.56% of CAR observations collected at the age of 4 years were negative, with
10.14% of participants having negative CAR observations for all 3 days, and 47.75% of
CAR observations collected at the age of 5 years were negative, with 13.59% of participants
having negative CAR observations for all 3 days. Cortisol significantly declined from wake
to bedtime at the age of 4 years, {192) = 8.79, p<.001, D= 0.63, and at the age of

5 years, {168) = 12.81, p<.001, D= 1.03. CAR and slope were significantly inversely
associated at the ages of 4 and 5 years, such that children with a greater CAR showed a
steeper decline in cortisol from morning to evening. Table S1 presents bivariate Pearson’s
correlation coefficients of study variables.

3In sensitivity analyses, we repeated analyses excluding participants with reported use of corticosteroid medication. Results were
similar and the pattern of statistical significance was identical. Therefore, we present final models including all participants and
covarying for corticosteroid medication.
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Primary analyses

4.2.1| PTSD symptoms—First, models examined associations between maternal
preconception PTSD symptoms and child cortisol slope. The unadjusted model (covarying
only steroid medication use) showed that more PTSD symptoms were associated with flatter
cortisol slope at the age of 4 years (Table 2). In the model adjusted for all covariates, the
association of PTSD symptoms with slope remained significant (Table 3). At the age of 5
years, PTSD symptoms were also associated with flatter cortisol slopes in the unadjusted
model (Table 2) but not in the adjusted model (Table 3). Figure 1 presents results.

A parallel set of models tested associations of PTSD symptoms with CAR at the ages of

4 and 5 years. PTSD symptoms were not associated with CAR in adjusted or unadjusted
models at the ages of 4 and 5 years (see Tables 2 and 3), both when testing all CAR values
and values from samples collected 20 — 40 min after waking.

4.2.2.| Depressive symptoms and perceived stress—Scores on the EPDS were
not significantly associated with child cortisol slope or CAR in unadjusted models at the
ages of 4 or 5 years (see Table S2) or adjusted models (see Table S3). Similarly, maternal
preconception perceived stress was not significantly associated with child cortisol slope or
CAR in unadjusted models at the ages of 4 or 5 years (see Table S4) or adjusted models

(see Table S5). Again, results for CAR did not differ when testing all values and values

from timely samples. We also tested models adjusting for maternal depressive symptoms
and perceived stress assessed at study visits proximal to cortisol collection at the ages of 4
and 5 years. Associations between maternal prepregnancy depressive symptoms and current
depressive symptoms were moderate at the age of 4 years, /(66) = .32, p=.006, and at the
age of 5 years, /(60) = .44, p<.001. Similarly, associations between prepregnancy perceived
stress and concurrent perceived stress were also moderate at the age of 4 years, /(66) = .48, p
<.001, and at the age of 5 years, (60) = .47, p=.004. Associations of perceived stress with
CAR and diurnal slope remained nonsignificant when accounting for maternal perceived
stress at the time of the visit. Similarly, associations of depressive symptoms with CAR and
diurnal slope remained nonsignificant when accounting for mother’s reports of depressive
symptoms at the time of the visit. Finally, we repeated all models with Bayesian estimates
due to the relatively low sample size and the pattern of results was identical.

DISCUSSION

In a prospective study of mothers and their children, we found that maternal mental

health symptoms prior to pregnancy were associated with diurnal cortisol slopes in early
childhood. Symptoms of PTSD in mothers assessed before conception were associated
with flatter diurnal cortisol slopes at the ages of 4 (n7=56) and 5 (n7=51) years, and at

the age of 4 years, these associations were independent of child sex, race/ethnicity, and
socioeconomic status. These findings are notable because flatter cortisol slopes have been
associated with adverse outcomes across the lifespan (Adam et al., 2017; Bernard et al.,
2015). However, maternal symptoms of depression and perceived stress prior to conception
were not associated with diurnal cortisol slopes or CAR.
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Prior work shows that prepregnancy, prenatal, or early postnatal adversity alter offspring
HPA axis functioning (Bernard et al., 2010; Bruce et al., 2009; Gunnar & Vazquez, 2001,
Yehuda et al., 2002, 2007). However, to our knowledge, this is the first prospective study
showing that maternal posttraumatic stress symptoms reported prior to pregnancy are
related to offspring cortisol patterns. PTSD symptoms prior to conception may influence
diurnal slopes through multiple mechanisms. Traumatic stress may result in biological
changes that impact gene expression, gametes, the intrauterine environment, or early
postnatal care, thus altering the developing neuroendocrine system (Bowers & Yehuda,
2015). Epigenetic modifications can occur following exposure to traumatic stress and alter
functional expression of genes implicated in HPA axis regulation (Yehuda & Bierer, 2009).
For example, reviews of the literature indicate that individuals with PTSD have altered
methylation of glucocorticoid receptor genes, lower daily cortisol output, and flattened
cortisol slopes in comparison to those not exposed to trauma (Bowers & Yehuda, 2015;
Morris et al., 2012; Speer et al., 2019). During pregnancy, maternal glucocorticoids are
transported across the placenta, enter fetal circulation, and alter fetal stress architecture
(Weinstock, 2005). Thus, epigenetic modifications resulting from trauma exposure and
alterations in fetal exposure to maternal glucocorticoids during gestation may play a role
in shaping diurnal cortisol patterns in offspring (Davis et al., 2011; Gutteling et al., 2005;
Gutteling et al., 2004; Irwin et al., 2021; O’Connor et al., 2013).

These findings also complement prior work showing that traumatic stress exposure in
parents is a risk factor for adverse outcomes in offspring, including heightened risk

of psychopathology (Chemtob et al., 2010; Samuelson & Cashman, 2008; Weems &
Scheeringa, 2013). For example, children of parents with PTSD are at higher risk of

PTSD (Leen-Feldner et al., 2013; Scheeringa & Zeanah, 2001; Yehuda & Bierer, 2007).
Concurrent work in this cohort reports that prepregnancy maternal PTSD symptoms are
associated with greater child negative affectivity in early childhood (Swales et al., 2022).
Blunted diurnal cortisol may be indicative of psychological differences in mental health

risk or may serve as a mechanism underlying the intergenerational effects of traumatic
experiences. Dysregulation of diurnal cortisol may also have implications for physical health
outcomes across the lifespan. Diurnal variation in cortisol serves as a signal of central
circadian rhythms to multiple peripheral biological systems, and disruption of these patterns
has pervasive effects throughout the brain and body, including modulation of immune,
metabolic, and cardiovascular activity. For example, dysregulated diurnal cortisol predicts
include shorter sleep duration (Saridjan et al., 2017) and increased risk ofupper respiratory
infections in children (Turner-Cobb, Rixon & Jessop, 2011) as well as poorer immune
function, cancer progression, fatigue, and depression in adults (Adam et al., 2017).

The two other predictor variables, depressive symptoms and perceived stress, were not
significantly associated with diurnal cortisol slope or CAR in children. To our knowledge,
no prior studies have examined maternal depressive symptoms or perceived stress prior to
conception as predictors of diurnal cortisol. One possible explanation for the differential
effects of PTSD symptoms as compared to perceived stress and depressive symptoms

is that more mild variations in distress prior to conception have weaker effects on

maternal physiology as compared to traumatic stress. In addition, greater PTSD symptoms
were associated with flatter cortisol slopes at the second study visit (aged 5 years)
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but the strength of the association was somewhat weaker and not robust to adjustment

for covariates. Differences across timepoints suggest that the effects of maternal PTSD
symptoms are strongest at certain sensitive developmental timepoints, but other factors may
also contribute. For example, the transition to kindergarten typically occurs around the age
of 5 years and may lead to changes in daily routine that affect wake time, morning routine,
levels of stress, and diurnal cortisol patterns in children (Bruce et al., 2002; Quas et al.,
2002). Taken together, the pattern of findings suggests the importance of considering timing,
chronicity, and acuity of exposures and the developmental context of outcome assessment in
shaping offspring diurnal cortisol outcomes. Furthermore, results must be replicated in larger
cohorts with greater power to detect smaller effects of depressive symptoms and perceived
stress.

5.1| Strengths and limitations

The present study included low-income Black/African American, Latinx, White, and
multiracial mother/child pairs who are historically underrepresented in maternal—child health
research. Strengths of the present study also include prospective assessment of maternal
mental health and stress prior to conception. Notably, we also assessed maternal depressive
symptoms and perceived stress at study visits proximal to cortisol collection at the ages

of 4 and 5 years. Childhood assessments shared approximately 10-20% of the variance

with preconception mental health measures. The variability in perceived stress and maternal
mental health symptoms over the course of the study period suggests that the prospective
data collected prior to pregnancy account for additional variance in maternal mental health
and are not merely capturing a stable phenomenon.

The present study did not assess PTSD symptoms during pregnancy, the postpartum period,
or early childhood. It is beyond the scope of these findings to conclude that PTSD symptoms
prior to pregnancy influence child cortisol patterns independent of prenatal, postnatal, and
early childhood influences. Rather, these results suggest that symptoms detected before
conception may relate to offspring physiology and complement research demonstrating

that maternal mental health across the lifespan has implications for mothers, children, and
families. For example, prior work has shown that maternal posttraumatic stress predicts
adverse maternal outcomes including permissive parenting behaviors and negative emotion
during childhood (Franz et al., 2022); therefore, the observed effects could be due to the
continuation of PTSD symptoms beyond the period prior to conception and into early
childhood, contributing to differences in parenting behaviors, which in turn influence child
diurnal cortisol patterns. It is also possible that the association between prepregnancy PTSD
symptoms and child cortisol slopes is due to genetics. However, experimental work in
animal models indicates that prepregnancy maternal stress affects offspring neuroendocrine
function independently of genetic influences (e.g., Huang et al., 2010; H. Li et al., 2010;
Zaidan & Gaisler-Salomon, 2015).

Though only waking samples collected within typical awakening times (4 AM and 1 PM)
and wake +30 samples collected within 20—40 min of the first sample were included

in analyses, compliance issues may have influenced our findings with respect to CAR
because collecting samples immediately upon awakening and 30 min later may have been
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challenging, particularly among families with young children. Child awakening times were
also reported by parents in daily diaries and were not verified using an objective method
(e.g., actigraphy) as recommended in expert consensus guidelines for the assessment of
CAR (Stalder et al., 2016). Future studies should ideally incorporate objective recording of
wake and sampling times to accurately estimate CAR profiles in children.

5.2 | Future directions and implications

Study results highlight the importance of screening and intervention to improve maternal
mental health prior to the start of pregnancy. Current practice guidelines suggest screening
women for symptoms of depression and anxiety early in pregnancy (Milgrom & Gemmill,
2014), but it may be important to screen for symptoms of PTSD as well. For women

who have given birth, screening between pregnancies or prior to conception of subsequent
children would be ideal, as sensitive developmental windows occur early in pregnancy
before parents typically initiate prenatal care. For example, much of the structural
development of the HPA axis in the fetus occurs early in the first trimester of pregnancy
(Howland, Sandman & Glynn, 2017). Preconception mental health also predicts maternal
mental health during and after pregnancy (Kee et al., 2021; Witt et al., 2011). Thus, the
interpregnancy interval may be a window of opportunity to ameliorate conditions during a
subsequent perinatal period and is therefore ideal for screening and intervention especially
in women with a history of mental health problems. To date, prepregnancy interventions

to address adverse birth outcomes have primarily focused on maternal nutrition and health
behaviors (M. Barker et al., 2018). The life-course framework that has been applied to
effective nutrition and behavioral interventions before conception, during pregnancy, and
throughout childhood could also be applied to maternal mental health, with the potential to
impact development and long-term health of both mothers and offspring. Screening during
encounters with the healthcare system that occur before, during, and after pregnancy may
be the most effective way to enhance detection of symptoms and provide opportunities for
intervention, provided that routine screenings are coupled with referral services and support
systems for providers and patients (Gjerdincjen et al., 2009; Gordon et al., 2006; Scholle
et al., 2003; Seehusen et al., 2005). Early identification of women with elevated levels of
PTSD symptoms would also allow obstetric providers to be aware that they are caring for
individuals with mental health concerns, facilitating the provision of trauma-informed care.
Overall, women’s mental health before, during, and after pregnancy plays an important role
in maternal and child health outcomes and treating symptoms of PTSD may ameliorate
adverse outcomes across the life course.

Future work may explore potential pathways underlying the association between maternal
preconception mental health and child HPA axis activity, which could include alterations
in maternal physiology or behavior during pregnancy, early parenting practices, or other
mechanisms. Though prior work suggests that diurnal cortisol patterns predict important
physical and mental health outcomes across the lifespan, additional work is needed to
explore the implications of diurnal cortisol patterns in children for subsequent risk of
psychopathology or other adverse outcomes. Future studies could also examine paternal
factors before or during pregnancy to better understand transmission of risk from parent to
child.
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6| CONCLUSIONS

Our findings in a sample of predominantly low-income, preschool-aged children suggested
that maternal posttraumatic stress symptoms prior to conception predict diurnal cortisol
slopes in offspring. Higher symptoms of PTSD prior to conception predicted a flatter

slope in offspring during early childhood. While preconception effects of PTSD cannot be
disentangled completely from ongoing effects on mothers during pregnancy and children’s
early childhood, these findings emphasize the importance of preconception maternal mental
health and are relevant to interventions that aim to apply a life course perspective to
improving maternal and child health outcomes.
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FIGURE 1.
Scatterplots showing associations of maternal preconception posttraumatic stress disorder

(PTSD) symptoms with child diurnal cortisol slope. Panel (a) displays data for slope at the
age of 4 years (n=56) and panel (b) displays data for slope at the age of 5 years (7= 51).
Abbreviation: PTSD, Posttraumatic Stress Disorder
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