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Summary Experimental animal models have demonstrated that one of the primary conse-
quences of prenatal stress is increased fear and anxiety in the offspring. Few prospective human
studies have evaluated the consequences of prenatal stress on anxiety during preadolescence. The
purpose of this investigation is to determine the consequences of prenatal exposure to both
maternal biological stress signals and psychological distress on anxiety in preadolescent children.
Participants included 178 mother—child pairs. Maternal psychological distress (general anxiety,
perceived stress, depression and pregnancy-specific anxiety) and biological stress signals were
evaluated at 19, 25, and 31 gestational weeks. Anxiety was evaluated in the children at 6—9 years of
age using the Child Behavior Checklist. Analyses revealed that prenatal exposure to elevated
maternal cortisol, depression, perceived stress and pregnancy-specific anxiety was associated with
increased anxiety in children. These associations remained after considering obstetric, socio-
demographic and postnatal maternal psychological distress; factors that could influence child
development. When all of the prenatal measures were considered together, cortisol and pregnancy-
specific anxiety independently predicted child anxiety. Children exposed to elevated prenatal
maternal cortisol and pregnancy-specific anxiety were at an increased risk for developing anxiety
problems during the preadolescent period. This project identifies prenatal risk factors associated
with lasting consequences for child mental health and raises the possibility that reducing maternal
distress during the prenatal period will have long term benefits for child well-being.
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1. Introduction

One out of seventeen Americans will suffer from a mental
illness during their lifetime (Kessler et al., 2005). The origins
of mental illness often begin early in life (De Bellis et al.,
1999; Nemeroff, 2004; Gunnar & Quevedo, 2008; Green
et al., 2010), yet surprisingly little is known about how early
d.
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life experiences determine risk for mental illness. The pre-
natal period represents a time of extremely rapid change in
brain development including neurogenesis, cell neuronal
differentiation, dendritic arborization, axonal elongation,
synapse formation, collateralization, pruning and myelina-
tion (Huttenlocher, 1994; Bourgeois, 1997; Huttenlocher &
Dabholkar, 1997; Levitt, 2003). The rapid neurological
advances during this period render the fetus susceptible to
beneficial and detrimental influences with life-long implica-
tions for mental health. Maternal stress signals are a domi-
nant early life influence contributing to the organization of
the nervous system. The purpose of the present study was to
investigate the programming influence of prenatal exposure
to maternal psychological distress and biological indicators of
stress on the development of anxiety during preadolescence.

2. Prenatal maternal glucocorticoids and
child behavioral and emotional regulation

For a number of reasons, glucocorticoids have been proposed
as a primary candidate for fetal programming of later health
outcomes. Glucocorticoids are steroid hormones that are the
end product of the hypothalamic-pituitary adrenocortical
(HPA) axis and exert influences on nearly every organ and
tissue in the body (Drake et al., 2007). Maternal cortisol
increases two to four-fold over the course of normal gestation
(Sandman et al., 2006). Fetal exposure to the increasing
concentrations of maternal cortisol is regulated by a placen-
tal enzyme, 11b-hydroxysteroid dehydrogenase type 2 (11b-
HSD2), which oxidizes cortisol to its inactive form cortisone
(Brown et al., 1996; Murphy & Clifton, 2003). A portion of
active maternal cortisol passes through the placenta result-
ing in significant correlations between fetal and maternal
cortisol levels (Gitau et al., 1998, 2001). Exposure to mater-
nal cortisol can influence the fetal nervous system because
cortisol easily passes through the immature blood—brain
barrier and targets glucocorticoid receptors that are present
throughout the central nervous system, influencing both
emotional and cognitive functioning (Jacobson & Sapolsky,
1991; Sanchez et al., 2000). Glucocorticoids play a critical
role in normal brain development, providing further evidence
for glucocorticoids as a mechanism for programming the
fetus (Trejo et al., 2000; Seckl, 2008).

Animal and human evidence indicate that one of the
primary consequences of exposure to excess glucocorticoids
may be increased fear and anxiety in the offspring. Results
from studies with rodents and non-human primates indicate
that fetal exposure to elevated glucocorticoids is associated
with increased fearful behaviors and greater stress reactivity
(Maccari & Morley-Fletcher, 2007; Kapoor et al., 2008; Seckl,
2008). Consistent with animal work, human fetal exposure to
elevated maternal cortisol is associated with greater physio-
logical and behavioral reactivity to stress during infancy and
childhood (Gutteling et al., 2005a; Davis et al., 2011a) as well
as fussiness, negative behavior and fearfulness during infancy
(de Weerth et al., 2003; Davis et al., 2007). Further evidence
for the role of glucocorticoids in the development of anxiety
disorders comes from studies of prenatal exposure to syn-
thetic glucocorticoid. Children who were exposed to syn-
thetic glucocorticoid treatment during the prenatal period
display both impaired HPA axis regulation (Davis et al.,
2004a,b, 2011b) and higher levels of behavioral inhibition
and social anxiety (Trautman et al., 1995; Lajic et al., 2011).
These findings raise the possibility that prenatal exposure to
elevated glucocorticoids may increase the risk for developing
anxiety problems among children.

3. Prenatal maternal psychological distress
and child behavioral and emotional
regulation

Accumulating evidence has shown that human fetal exposure
to maternal psychological distress during pregnancy addi-
tionally is associated with increased fearful and anxious
behavior later in life. Prenatal exposure to maternal anxiety,
stress and depression has been associated with impaired
stress regulation (Van den Bergh et al., 2008; Grant et al.,
2009; Davis et al., 2011a), behavioral/emotional problems
(Huizink et al., 2002; O’Connor et al., 2002, 2003; Van den
Bergh & Marcoen, 2004; Gutteling et al., 2005b) and fearful
temperament (Davis et al., 2004a,b, 2007; Austin et al.,
2005; Bergman et al., 2008; Blair et al., 2011), even after
controlling for postnatal maternal psychological distress.
Although few prospective studies have evaluated the con-
sequences of gestational stress on child affective problems
beyond infancy and early childhood, there is evidence that
these effects persist. Prenatal maternal anxiety is associated
with behavioral problems during childhood (O’Connor et al.,
2003) as well as risk for depressive mood during adolescence
(Van den Bergh et al., 2008) after considering postnatal
maternal psychological distress. Consistent with these find-
ings, Finnish children whose mothers experienced the stress
of the Chernobyl disaster during pregnancy, but did not
experience significant exposure to radiation, were at an
increased risk for depression during adolescence (Huizink
et al., 2007). Not all studies have found that the effects
of the prenatal environment persist after considering post-
natal influences. In a sample of children conceived by in vitro
fertilization who were genetically unrelated to their
mothers, Rice et al. (2010) found evidence for a non-genetic
pathway to the development of anxiety. However, in this
study the relation between prenatal stress (analyzed only in
late gestation) and child anxiety did not persist after statis-
tically covarying current maternal distress. These studies
document the importance of jointly considering both pre-
natal and postnatal maternal psychological distress in order
to understand the development of child anxiety.

Most studies of fetal exposures have focused on general
measures of prenatal maternal psychological distress such as
perceived stress, state anxiety, and depression. However,
more recent studies suggest that pregnancy-specific anxiety
may be superior to general measures of distress for predicting
developmental outcomes because it more accurately char-
acterizes psychological states specific to a woman during
pregnancy (Huizink et al., 2003; DiPietro et al., 2006; Buss
et al., 2010, 2011; Davis & Sandman, 2010; Sandman and
Davis, 2010; Blair et al., 2011; Tollenaar et al., 2011). For this
reason, we have included both generalized distress measures
as well as evaluation of pregnancy-specific anxiety.

The present study is unique in the evaluation of exposure
to both prenatal maternal cortisol and several psychological
indices of maternal distress at multiple gestational periods,



1226 E.P. Davis, C.A. Sandman
in association with child anxiety. The following hypotheses
will be tested (1) prenatal exposure to both psychological and
biological indicators of maternal stress will be associated
with child anxiety and (2) concern or worry that is specific to
pregnancy will be the best predictor of child outcomes as
compared to generalized distress measures.

4. Methods

4.1. Study overview

Study participants included mother—child pairs from a pro-
spective longitudinal study of prenatal stress and develop-
ment. Women with singleton pregnancies less than 16 weeks
gestational age were recruited from obstetric clinics in
Southern California and assessed throughout gestation and
when the child was 6—9 years of age.

4.2. Participants

The sample included 178 mothers and their 6—9 year old
children (mean � SD: 7.3 � 0.8; 55% female). Initial prena-
tal recruitment criteria were as follows: Study participants
were English-speaking adult women (>18 years age) with
singleton, intrauterine pregnancies. Exclusion criteria were
tobacco, alcohol, or other drug use in pregnancy; uterine or
cervical abnormalities; or presence of any condition poten-
tially associated with dysregulated neuroendocrine function
such as endocrine, hepatic or renal disorders or corticoster-
oid medication use. All children participating in the current
investigation were born after 34 gestational weeks (M gesta-
tional age = 38.1 weeks, SD = 1.6 weeks) and had a stable
neonatal course (all Apgar scores > 8). Descriptive informa-
tion for this sample is provided in Table 1. Women partici-
pating in this study were primarily non-Hispanic white
or Latina, married or cohabitating at the time of child
Table 1 Description of the study sample at the time of child
assessment.

Study sample (n = 178)

Maternal age (years) 38.1a

Married or cohabitating (%) 82
Maternal education (%)
High school or equivalent 30
Associates degree 12
Bachelors degree 29
Graduate degree 23

Annual household income (%)
$0—$30,000 5
$30,001—$60,000 17
$60,001—$100,000 30
Over $100,000 48

Maternal race/ethnicity (%)
Non-Hispanic White 49
Latina 18
Asian 13
African American 10

aSD = 5.8, range = 25—51.
assessment and had at least some college education. All
methods and procedures were approved by the Institutional
Review Board of the participating institutions and all
mothers provided written informed consent and all children
provided informed assent.

4.3. Procedures

4.3.1. Overview of data collection
Maternal salivary samples were collected for cortisol ana-
lysis and maternal psychological state (state anxiety, per-
ceived stress and depression) was assessed at three intervals
during pregnancy (Time 1: 19.3 � 0.8, Time 2: 25.0 � 0.8,
and Time 3: 31.0 � 0.8 weeks of gestation). The sampling
intervals were selected based upon evidence that biological
markers of stress (e.g., cortisol) increase over the course of
human pregnancy (Sandman et al., 2006). Prenatal medical
history and risk for adverse obstetric outcomes were
obtained from extensive structured medical interviews at
each visit in combination with a thorough review of prenatal
and hospital medical records. When the child was 6—9 years
of age, child anxiety and maternal psychological distress
were evaluated.

4.3.2. Maternal salivary cortisol
Salivary samples were collected in the early afternoon, at
least 1 h after the participant had eaten, (mean time of day
ranged from 1417 h to 1446 h across the three assessment
intervals) using a Salivette sampling device (Sarstedt, Num-
brecht, Germany). Within this restricted range of sample
collection time, time of day was modestly associated with
cortisol levels (rs ranged from �0.14 to �0.25, ps ranged
from 0.08 to 0.01). Thus time of day was regressed against
maternal cortisol and residuals retained for subsequent ana-
lysis.

Salivary samples were spun and stored at �70 8C until
assayed. Thawed samples were centrifuged at 3000 rpm for
15 min before assay. Salivary cortisol levels were determined
by a competitive luminescence immunoassay (LIA; IBL-Amer-
ica, Minneapolis, MN) with reported detection limits of
0.015 mg/dl. The cross reactivity of the assay was <2.5%
with cortisone, prednisone and corticosterone and <0.1%
with other naturally occurring steroids. The intra- and
inter-assay coefficients of variance were 5.5% and 7.6%,
respectively. Data reduction for the LIA assay was done by
an automated four-parameter logistics computer program
(software Mikro Win 2000; Berthold Microplate Lumin-
ometer). Samples were assayed in duplicate and averaged.
A log transformation was implemented to reduce skewness.
Values reported in the text, tables and graphs are raw mg/dl
levels to facilitate interpretation. Cortisol assessments were
not available for six of the women participating in the
present investigation.

4.3.3. Maternal psychological assessments
Maternal psychosocial stress was evaluated using four stan-
dardized measures. Generalized or non-specific stress was
evaluated using the 12-item version of Cohen’s Perceived
Stress Scale (PSS) (Cohen et al., 1983). This measure evaluates
participants’ feelings about how they were able to handle day-
to-day problems and hassles, how often they felt nervous and
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stressed and how often they felt things were going well during
the past week. Responses were made on a 5-point Likert scale
ranging from 0 (never) to 4 (almost always) and the final score
ranged from 0 to 48. The short form of the Center for Epide-
miological Studies Depression Inventory was used to evaluate
maternal depression (Santor & Coyne, 1997). Responses to
each of the 9 items in this measure were recorded on a 4-point
Likert scale with a range of 0—3. Anchor points, in terms of days
per week during the last week, were ‘‘rarely or none of the
time (less than 1 day)’’ to ‘‘most or all of the time (5—7 days)’’.
The final score ranged from 0 to 27, with a higher score
indicating greater impairment. The CES-D has been validated
in pregnant samples (Marcus et al., 2003) and is commonly used
in studies evaluating prenatal depression (e.g., Kramer et al.,
2009; Yim et al., 2009; Goedhart et al., 2010). General anxiety
was measured using the 10-item State Anxiety subscale of the
State-Trait Personality Inventory (Speilberger, 1983). This
measure assesses the degree to which participants had experi-
enced anxiety-related symptoms or emotions in the last few
days. Responses were made using a 4-point Likert scale ranging
from 1 (not at all) to 4 (very much) and scores ranged from 10 to
40. Pregnancy-specific anxiety was measured with the 10 item
Pregnancy Related Anxiety scale (Rini et al., 1999). This
instrument assesses a woman’s feelings about her health dur-
ing pregnancy, the health of her baby and her feelings about
labor and delivery and has been used in a number of studies
evaluating pregnancy-specific anxiety (e.g., Glynn et al.,
2008). Answers were given on a 4-point Likert scale ranging
from 1 (not at all) to 4 (very much) and included items such as: I
am fearful regarding the health of my baby, I am concerned or
worried about losing my baby, and I am concerned or worried
about developing medical problems during my pregnancy. The
final score on this measure ranged from 10 to 40.

4.3.4. Prenatal course and birth outcome
An extensive structured medical interview was conducted by
a research nurse at each prenatal visit to assess maternal
health and pregnancy related complications. Maternal and
infant medical records were reviewed to assess pregnancy
complications and birth outcome. A score assessing prenatal
obstetric risk was derived (Hobel, 1982).

4.3.5. Child anxiety
Child anxiety was measured using the Achenbach System of
Empirically Based Assessment (ASEBA), which offers a com-
prehensive approach to assessing adaptive and maladaptive
functioning (Achenbach & Rescorla, 2001). The ASEBA is a
reliable and valid measure that is widely used in research and
clinical practice with children. The parent report form, the
Child Behavior Checklist (CBCL) was administered to mothers
by a trained interviewer who was directly supervised by a
clinical psychologist. The CBCL contains 113 items represent-
ing a broad scope of behaviors. It has high test retest stability
and good internal consistency. In the present study the
anxiety problems subscale of the CBCL was used. This stan-
dard scale is consistent with the Diagnostic and Statistical
Manual of Mental Disorders-IV evaluation of generalized
anxiety disorder, separation anxiety disorder and specific
phobia (Achenbach & Rescorla, 2001). The anxiety problems
scale consists of six statements. Responses were made on a 3-
point Likert scale ranging from 0 (not true) to 2 (very true).
Thus, scores on this measure could range from 0 to 12.
4.3.6. Data reduction and analysis
Preliminary analyses were carried out using correlations and
t-tests to identify sociodemographic (maternal race/ethni-
city, maternal age, cohabitating with child’s father, and years
of maternal education), pregnancy-related (obstetric med-
ical risk, gestational age at birth), and child (sex, current
age, and birth order) variables that might affect child anxi-
ety. Only gestational age at birth was significantly correlated
with child anxiety [r (178) = �0.20, p < 0.05] and thus was
included as a covariate in all subsequent analyses. Maternal
perceived stress [r (178) = 0.23, p < 0.05], general anxiety [r
(178) = 0.34, p < 0.05] and depression [r (178) = 0.28,
p < 0.05] at the time of child assessment were significantly
associated with report of child anxiety. To reduce the effects
of maternal reporting bias maternal current psychological
state was included as a covariate in all analyses. In addition
to considering maternal psychological state, all analyses
adjusted for maternal education as a proxy for socioeconomic
status and child sex in order to statistically account for these
factors known to be associated with child anxiety (Essex
et al., 2010; Lewis et al., 2011).

Primary analyses evaluated the association between
cumulative exposure to maternal prenatal cortisol, per-
ceived stress, depression, general anxiety and pregnancy-
specific anxiety over the course of gestation and child anxi-
ety. Hierarchical linear regression analyses were performed
to assess the association between average prenatal maternal
cortisol (adjusted for time of day), perceived stress, depres-
sion, general anxiety and pregnancy-specific anxiety and
child anxiety. Child sex, gestational age at birth, maternal
education, and maternal psychosocial stress at the time of
child assessment were entered in the first step. Prenatal
predictors were entered separately in step 2 resulting in four
models (prenatal cortisol, perceived stress, depression, gen-
eral anxiety and pregnancy-specific anxiety). When signifi-
cant relations were observed between prenatal predictors
and child outcomes two sets of subsequent analyses were
performed. First, post hoc tests were implemented to deter-
mine effects of timing of exposure. Second, logistic regres-
sions were implemented to determine if prenatal measures
predicted ‘‘clinically significant’’ levels of anxiety. For these
analyses, child anxiety status was dummy coded (none vs.
borderline or clinically significant using standard CBCL cut off
scores) and entered as the dependent variable, covariates
were entered in the first step and prenatal predictors were
entered separately in step 2. A final model was implemented
to determine which of the four gestational measures best
predicted child anxiety and whether these measures had
independent associations with child anxiety. In this model
prenatal cortisol, perceived stress, depression, general anxi-
ety and pregnancy-specific anxiety were entered step-wise in
level 2. Diagnostic tests described by Cohen et al. (2003)
indicated that multicollinearity was not a problem for this
model.

5. Results

5.1. Maternal cortisol

Maternal salivary cortisol levels increased from 0.24 mg/dl at
19 gestational weeks to 0.29 mg/dl at 25 weeks and to



Figure 1 Gestational exposure to maternal cortisol is associ-
ated with anxiety among preadolescent children. Children who
are in the normal range for anxiety were exposed to lower
maternal cortisol during gestation. In contrast, children who
were exposed to elevated maternal cortisol during gestation are
significantly more likely to be rated in the anxious/borderline
anxious range.

Table 2 Psychological and endocrine stress measures during
gestation.

Mean (SD)

Average depression 16.0 (4.5)
Depression at 20 weeks’ GA 15.8 (5.4)
Depression at 25 weeks’ GA 15.8 (4.8)
Depression at 30 weeks’ GA 16.4 (5.4)

Average perceived stress 26.9 (6.8)
Perceived stress at 20 weeks’ GA 27.2 (7.7)
Perceived stress at 30 weeks’ GA 26.5 (7.7)

Average general anxiety 20.5 (5.5)
General anxiety at 20 weeks’ GA 21.0 (6.6)
General anxiety at 25 weeks’ GA 20.4 (6.2)
General anxiety at 30 weeks’ GA 19.8 (6.6)

Average pregnancy-specific anxiety 18.7 (4.6)
Pregnancy-specific anxiety
at 20 weeks’ GA

19.9 (5.8)

Pregnancy-specific anxiety
at 25 weeks’ GA

18.3 (4.8)

Pregnancy-specific anxiety
at 30 weeks’ GA

17.9 (4.7)

Average cortisol (mg/dl) 0.29 (0.14)
20 weeks’ GA 0.24 (0.23)
25 weeks’ GA 0.29 (0.19)
30 weeks’ GA 0.34 (0.23)
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0.34 mg/dl at 31 gestational weeks ( p < 0.01). Intercorrela-
tions among cortisol measures ranged from 0.17 to 0.29,
ps < 0.05.

5.2. Maternal psychological state

Means and standard deviations for perceived stress, depres-
sion, general anxiety and pregnancy-specific anxiety are
shown in Table 2. Perceived stress and depression did not
significantly change over the course of pregnancy
( ps > 0.3). Consistent with prior work, a non significant
trend for state anxiety to decrease ( p = 0.058) and a sig-
nificant decrease in pregnancy-specific anxiety ( p < 0.01)
were observed as pregnancy advanced (see Sandman et al.,
2011 for review).

The correlation of each of the four maternal psychological
distress measures over the three prenatal assessment time
points ranged from 0.51 to 0.81. As expected, within each
gestational interval, measures of state anxiety, perceived
stress and depression were significantly intercorrelated (rs
ranged from 0.64 to 0.81, ps < 0.01). Associations between
the general distress measures and pregnancy-specific anxiety
were significant, but lower (rs ranged from 0.31 to 0.47,
ps < 0.01). Prenatal psychological distress measures were
additionally correlated with psychological distress at the
time of child assessment (rs ranged from 0.35 to 0.53,
ps < 0.01).

5.3. Prenatal maternal cortisol and maternal
psychological state

Maternal cortisol was not significantly associated with con-
current measures of maternal perceived stress, depression,
general anxiety, or pregnancy-specific anxiety at any of the
three prenatal assessment time points (all ps > 0.24).

5.4. Child anxiety

Child anxiety scores ranged from 0 to 12 (M = 1.5, SD = 2.2).
The vast majority of children (n = 150) scored within the
normal range for anxiety using standard cut off scores as
described in the ASEBA manual. Of the remaining 28 children,
17 were in the borderline range and 11 were in the clinical
range for anxiety. Child anxiety was analyzed two ways: (1)
using continuous data and (2) dummy coded for comparison
of children scoring in the normal range vs. children in the
borderline or clinical range.

5.5. Does prenatal maternal cortisol predict
child anxiety?

Elevated average maternal gestational cortisol was asso-
ciated with higher child anxiety at 6—9 years of age after
considering relevant covariates including current maternal
psychological distress (beta = 0.16, p < 0.05; F (4,167) = 6.7,
p < 0.05). No significant gestational timing effects of cortisol
exposure were observed. Next, the relation between pre-
natal cortisol and child anxiety status (normal range vs.
borderline/clinically significant) was considered. Logistic
regression confirmed group differences in prenatal cortisol
exposure based on the clinical status of child anxiety. Chil-
dren with anxiety ratings within the borderline/clinically
significant range were twice as likely to have been exposed
to higher maternal cortisol during gestation compared to
children with ratings in the normal range (odds ratio = 2.1,
95% confidence interval = 1.1—3.9, p < 0.05). The relation
between prenatal maternal cortisol and child anxiety status
is illustrated in Fig. 1.
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5.6. Does prenatal maternal psychological
distress predict child anxiety?

High average perceived stress, depression and pregnancy-
specific anxiety during gestation were associated with
higher child anxiety at 6—9 years of age, after considera-
tion of relevant covariates including postnatal maternal
distress at the time of child assessment (beta = 0.20,
F (4,177) = 7.1, p < 0.05; beta = 0.19, F (4,177) = 5.7,
p < 0.05; and beta = 0.20, F (4,177) = 7.3, p < 0.05, respec-
tively). Prenatal maternal general anxiety was not signifi-
cantly associated with child anxiety ( p = 0.12). Post hoc
tests evaluating the effects of timing of exposure indicated
that for perceived stress and depression, fetal exposure at
20 weeks’ GA emerged as the strongest predictor of child
anxiety (beta = 0.20, F (4,158) = 5.5, p < 0.05; beta = 0.24,
F (4,158) = 5.8, p < 0.05, respectively). For pregnancy-
specific anxiety fetal exposure at 25 weeks’ GA was
the strongest predictor of child anxiety (beta = 0.22,
F (4,158) = 5.8, p < 0.05).

Next, analyses evaluated the relation between the psy-
chosocial measures and child anxiety status. Logistic regres-
sion revealed that among all of the psychosocial measures,
only pregnancy-specific anxiety was associated with child
anxiety status (normal range vs. borderline/clinically sig-
nificant). Children with anxiety ratings within the normal
range were exposed to significantly lower maternal preg-
nancy-specific anxiety during gestation compared to chil-
dren in the borderline/clinically significant group (odds
ratio = 1.1, 95% confidence interval = 1.0—1.2, p = 0.05).
This indicates that a 1 point change in pregnancy anxiety
(range 10—40) is associated with a 10% increase in risk for
child anxiety. The relation between maternal pregnancy-
specific anxiety and child anxiety status is illustrated in
Fig. 2.
Figure 2 Pregnancy-specific anxiety predicts anxiety classi-
fication during preadolescence. Children who are in the nor-
mal range for anxiety were exposed to lower pregnancy-
specific anxiety. In contrast, children who were exposed to
elevated pregnancy-specific anxiety during gestation are sig-
nificantly more likely to be rated in the anxious/borderline
anxious range.
5.7. Do maternal psychological and endocrine
factors exert an independent or joint influence
on child anxiety?

A hierarchical regression model determined whether psycho-
social (perceived stress, depression, pregnancy-specific anxi-
ety) and endocrine (cortisol) measures independently or
jointly predicted portions of the variance in child anxiety.
After adjusting for covariates, pregnancy-specific anxiety
(beta = 0.22, F (4,165) = 6.4, p < 0.05) and prenatal maternal
cortisol (beta = 0.16, F(5,164) = 6.1, p < 0.05) independently
predicted child anxiety. After accounting for the variance
associated with pregnancy-specific anxiety and prenatal
maternal cortisol, perceived stress and depression no longer
significantly contributed to the model.

6. Discussion

In a prospective study with multiple prenatal assessments we
document that prenatal maternal cortisol and prenatal psy-
chosocial distress measures are associated with anxiety in
preadolescent children. These are among the first prospec-
tive findings to document an association between both bio-
logical indicators of stress and psychological distress during
gestation and risk for anxiety during preadolescence.

6.1. Prenatal maternal cortisol and child anxiety

The results of this study indicate that elevated maternal
cortisol levels during gestation are associated with childhood
anxiety as long as nine years later and that this association
cannot be explained by critical prenatal or obstetric risk
factors or by postnatal influences such as maternal psycho-
logical well being and socioeconomic status. Specifically,
children who were exposed to elevated levels of maternal
cortisol during gestation are significantly more likely to fall in
the borderline or clinically significant range for anxiety.
Interestingly, in the current study the consequences of pre-
natal cortisol are not determined by timing of exposure. The
association between prenatal exposure to elevated maternal
cortisol and child anxiety is consistent with experimental
animal studies indicating lifelong consequences of prenatal
exposure to elevated glucocorticoids (Kapoor et al., 2008;
Seckl, 2008) and with human studies that link maternal
cortisol with increased fearful or reactive behavior during
infancy (de Weerth et al., 2003; Davis et al., 2007, 2011a).
Given the documented influence of postnatal maternal psy-
chological well being on child mental health (e.g., Rice et al.,
2010), it is important that the observed associations
remained after considering current maternal psychological
distress.

Exposure to maternal cortisol during gestation may influ-
ence the development of anxiety by modifying fetal devel-
opment in regions such as the amygdala (Herman & Cullinan,
1997; Joels & Baram, 2009) that are particularly sensitive to
excessive levels of glucocorticoids (Rodrigues et al., 2009)
and play a role in the regulation of anxious behavior
(Schulkin, 2006). Findings from animal models illustrate that
prenatal stress exposures including excess glucocorticoids
alter the density of cortisol receptors (Kapoor et al., 2006)
and increase the production of CRH in the amygdala (Cratty
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et al., 1995; Mueller & Bale, 2008). Further, exposure to
stress during the prenatal period is associated with an
increase in amygdala volume (Salm et al., 2004) suggesting
a plausible mechanism by which prenatal cortisol may influ-
ence vulnerability to the development of anxiety.

6.2. Maternal psychosocial stress and child
anxiety

Higher maternal perceived stress, depression and pregnancy-
specific anxiety also are associated with elevated child anxi-
ety after considering relevant covariates including current
maternal psychological distress. This finding is consistent
with experimental animal studies indicating that prenatal
maternal stress is associated with increased fear/anxiety
(Maccari & Morley-Fletcher, 2007; Kapoor et al., 2008; Seckl,
2008; Markham & Koenig, 2011). The present findings add to
human work linking prenatal maternal psychological distress
with increased fearful or anxious behavior during infancy/
toddlerhood (Davis et al., 2004a,b, 2007; Bergman et al.,
2007), and are conceptually consistent with two prospective
studies showing persisting effects into childhood (O’Connor
et al., 2005) and adolescence (Van den Bergh et al., 2008). In
a large sample of children, O’Connor et al. (2005) found that
maternal anxiety measured only in late gestation was asso-
ciated with increased behavioral and emotional problems at
6.5 years of age. Van den Bergh et al. (2008) demonstrated
that prenatal anxiety predicts depressive mood in 14—15 year
old children. Our data support these findings and add new
information indicating that pregnancy-specific anxiety is the
type of maternal anxiety most strongly related to child
anxiety.

Pregnancy-specific anxiety measures a woman’s fears and
beliefs about pregnancy, delivery, and health of the baby.
This construct has been shown to be an independent entity,
separate from measures of generalized anxiety or other
psychological distress measures. As reviewed elsewhere,
measures of pregnancy-specific anxiety predict a wide vari-
ety of developmental outcomes including fetal behavior,
birth outcome, infant and toddler cognitive and motor devel-
opment, early childhood temperament and child brain devel-
opment (Huizink et al., 2004; Sandman et al., 2011). The
finding that pregnancy-specific anxiety exerts a more potent
influence on fetal development compared to generalized
measures of distress may be because stress related to events,
beliefs or fears proximal to pregnancy are more relevant to
the pregnant woman and therefore more consequential to
the fetus.

The mechanism by which maternal psychosocial stress is
communicated to the fetus is unknown. Consistent with prior
work, it is unlikely that maternal cortisol mediates the effect
of maternal report of psychosocial stress on child anxiety
(e.g., de Weerth & Buitelaar, 2005; Harville et al., 2009;
Davis & Sandman, 2010). As reported here, maternal cortisol
and psychosocial distress are not correlated and they exert
independent effects on child mental health. The report in
humans that fetal exposure to maternal depression is asso-
ciated with increased methylation of the glucocorticoid
receptor gene in the neonate and with increased HPA
responses to a challenge, suggests an epigenetic mechanism
that may underlie both the maternal communication of
adversity to the fetus and the persistent influence of the
exposure (Oberlander et al., 2008). This possibility is sup-
ported by animal models demonstrating that very early
experiences exert lifelong consequences on methylation
(Champagne & Curley, 2009; Szyf, 2011). It has additionally
been shown that prenatal anxiety alters placental function-
ing providing an additional mechanism by which psychosocial
distress may impact fetal development (O’Donnell et al.,
2011). Further, maternal psychosocial stress exerts wide-
spread influences on a number of stress sensitive systems
other than the HPA axis including the immune and vascular
systems (Dunkel Schetter & Glynn, 2011). The present find-
ings illustrate that the evaluation of both psychological and
biological indicators of maternal stress during gestation will
significantly improve our understanding of the influence of
the prenatal environment on child outcomes.

6.3. Limitations

This study relied on naturally occurring variations in maternal
biological stress signals and psychological distress, rather
than experimental manipulations. It is difficult, therefore,
to separate the effects of prenatal maternal psychological
state from the consequences of other factors that might
contribute to this association including genetic factors.
Genetically informed study designs involving children con-
ceived by in vitro fertilization who were not genetically
related to their mothers provide strong evidence that the
environment contributes to poor child mental health includ-
ing anxiety risk (Rice et al., 2010; Lewis et al., 2011). Studies
evaluating the consequences of random exposure to extreme
stressors during gestation further suggest that prenatal expo-
sures to stress exerts a lasting influence on child development
(King & Laplante, 2005; Huizink et al., 2007; Li et al., 2010).
An additional limitation of the present investigation is the
reliance on maternal report of child behavior. Notably, in the
present study, all significant associations between prenatal
exposures and child anxiety remain after statistically covary-
ing maternal psychological state at the time of reporting on
child anxiety and sociodemographic factors that might con-
tribute to child anxiety. A strength of the study is that
mother—child pairs were assessed using a prospective and
serial longitudinal design beginning in gestation which
allowed for greater temporal resolution to examine the
programming effects of prenatal maternal stress on child
anxiety. The assessment of maternal cortisol during gesta-
tion, in addition to self report of psychological distress, is a
strength and circumvents methodological issues related to
shared methods variance (i.e., mother’s reporting on their
own stress and on child behavior) that are prevalent in the
existing literature.

6.4. Implications

There is growing recognition that early experiences are a
primary factor contributing to mental illness. It has been
recently estimated that early adversity may explain over 30%
of the risk for developing mental illness (De Bellis et al.,
1999; Nemeroff, 2004; Gunnar & Quevedo, 2008; Green
et al., 2010). The presence of anxiety during childhood
suggests lifetime vulnerability to poor mental health; over
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half of mentally ill adults exhibit symptoms before the age of
14 (Kessler et al., 2005). Greater understanding of the
developmental origins of mental illness is a critical step
for the development of new diagnostic methods and
improved treatments. The current findings indicate that
the understudied prenatal biological and psychological indi-
cators of maternal distress shape the construction of the fetal
nervous system with consequences for the development of
anxiety in preadolescent children. Effect sizes in the current
investigation were similar to those observed in studies eval-
uating the association between prenatal stress and birth and
child outcomes (see Talge et al., 2007 for review). Associa-
tions were observed in a healthy, low risk sample of mother—
child pairs and thus it is plausible that more profound effects
would be observed among children of clinically anxious or
depressed pregnant women. It is, however, possible that
evaluation of a low risk sample that did not include women
who smoked or used alcohol or illegal drugs during their
pregnancy may have increased our power to detect an asso-
ciation between prenatal stress indices and child anxiety.
This is so because the known consequences of these terato-
gens on health and development (e.g., Stroud et al., 2009;
Shankaran et al., 2011) may mask the effects of maternal
stress and anxiety on child anxiety.

We found that prenatal maternal cortisol and pregnancy-
specific anxiety independently predict anxiety at 6—9 years
of age. These data suggest that it would be beneficial for
clinicians to consider these factors when working with preg-
nant women. Data indicating the importance of pregnancy-
specific anxiety as compared to generalized distress mea-
sures are particularly encouraging because a woman’s con-
cerns and fears about pregnancy are likely modifiable with
early intervention. Approaches focused on cognitive reas-
sessment of the risks associated with pregnancy may be most
effective at promoting the psychological health of both
mother and child. Specifically, reducing pregnancy-specific
anxiety may benefit a wide range of developmental outcomes
including childhood anxiety, resulting in more optimal psy-
chological functioning.

7. Conclusions

There is increasing evidence that the fetal environment plays
a role in the development of psychiatric disorders (Schlotz &
Phillips, 2009). There are important studies demonstrating
associations between maternal psychological distress during
pregnancy and risk for poor mental health during childhood
and adolescence (O’Connor et al., 2003; Huizink et al., 2007;
Van den Bergh et al., 2008). To our knowledge these are the
first findings linking both biological and psychosocial mea-
sures of maternal stress to mental health in preadolescence.
Future studies with these children will consider the implica-
tions of prenatal stress exposures for the transition to ado-
lescence.
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