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Effects of antenatal stress and anxiety

Implications for development and psychiatry

VIVETTE GLOVER and THOMAS G. O'CONNOR

It is increasingly apparent that antenatal
maternal mood can have lasting effects on
the psychological development of the child.
Until recently, behavioural and biological
evidence was limited to animal studies but
there is growing evidence that a parallel
process exists in humans. This editorial
reviews findings from the animal research,
considers how studies in humans have
begun to tackle this issue, and examines
what implications these findings have for
developmental models of psychopathology.

LESSONS FROM ANIMAL
MODELS

The major finding from animal research is
that the link between antenatal stress and
impaired behavioural adjustment/emotional
reactivity in the offspring is remarkably
robust, and these effects continue into
adulthood (Weinstock, 2001). The distur-
bances in offspring that are linked to
antenatal stress are broad in nature, and
extend well beyond just behavioural distur-
bance/emotional reactivity to include
cognitive and neurological development
and atypical sexual behaviour. Changes in
the functioning of the hypothalamic—
pituitary—adrenal (HPA) axis account, at
least partly, for these associations. For
example, similar disturbances in offspring
can be induced by exposing the pregnant
mother to stress or by mimicking the
physiological effects of stress by injection
of adrenocorticotrophic hormone (Schneider
et al, 2001). Offspring of mothers who have
suffered antenatal stress are over-reactive to
a stressor and hypersecrete cortisol com-
pared with controls. These behavioural
and physiological disturbances in offspring
last into adulthood in rodents and for
years in the primate model,
indicating that the HPA axis can be
‘programmed’ during the foetal period.
Dopaminergic and serotonergic systems

several

have also been implicated, although these
findings seem to complement rather than
supplant the mechanism linked with the
HPA axis. Furthermore, the effects of
antenatal stress are sensitive to gestational
age.

Cross-fostering and adoption studies
indicate that the postnatal rearing environ-
ment can moderate the effects of antenatal
stress, implying that although the HPA axis
could be programmed during the foetal
period, this does not mean that inter-
ventions or subsequent experience cannot
reduce or exacerbate the effects of ante-
of the
offspring. Further research is required to
determine whether it is only very early post-
natal interventions that can moderate the

natal stress on development

effects of antenatal stress. Finally, studies
have begun to integrate genetic factors in
studies of antenatal stress. This is an
important development because genetic
influence on anxiety and stress response
(e.g. the corticotrophin-releasing hormone
system) are becoming better understood,
and it is now possible to examine how
genetic and ‘environmental’ (e.g. antenatal)
risks combine in development.

The above findings provide an impress-
ive background to, and a number of explicit
hypotheses for, human studies. The general-
isability to humans of the animal findings
depends on a number of factors, such as a
comparable definition of behavioural
disturbance, the of parallel
physiological mechanisms, the appropriate-

existence

ness of the stress models employed in
animal studies, and sufficient regard for
individual differences. The last factor is
essential because few animal studies
examine individual differences as sample
sizes are usually too small. Yet research
(e.g. Caldji

et al, 2000) is important if these findings

on individual differences
are to be translated to humans. It is by
examining individual differences that we
will be able to identify genetic variance
and gene-environment interplay, construct
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bio-social mechanisms of risk and
resilience, and develop the most effective

treatments.

EVIDENCE FROM STUDIES
IN HUMANS

The studies of the effects of antenatal stress
and anxiety in humans have concentrated
on obstetric outcome. Hansen et al (2000)
found that women who experienced severe
life events in the first trimester of pregnancy
had a 50% increase in the rate of congenital
abnormalities in cranial-neural crest-
derived organs (e.g. cleft palate). Even
greater risk was associated with the most
severe and rare stress, the unexpected death
of a child.

Preterm labour and low birthweight for
gestational age are the outcomes linked
most consistently with antenatal stress or
anxiety in humans (Hedegaard et al,
1993; Lou et al, 1994). These findings are
relatively robust across different measures
of stress/anxiety. In one study of 8719
women, Hedegaard et al (1993) reported
a significant association between self-
reported general distress at 30 weeks and
an increased risk of preterm delivery,
defined as <37 weeks (relative risk was
found to be 1.22 for moderate and 1.75
for high distress v. low distress); however,
the effect of distress early in pregnancy on
obstetric outcome was not significant. Lou
et al (1992) have shown that individuals
who experienced severe stressful events
during pregnancy showed a 50% increase
in marked premature delivery (babies born
at <34 weeks).

Consistent with the animal evidence,
some early studies in humans have shown
links between antenatal stress or anxiety
and behavioural/emotional disturbance in
the child. However, the strength of this
association was uncertain as these studies
did not covary antenatal risks, such as
smoking, and failed to distinguish between
ante- and postnatal stress. In next month’s
issue of the Journal we will be reporting
the strongest evidence to date for such an
association using a large community
sample, the Avon Longitudinal Study of
Parents and Children (ALSPAC) cohort
(O’Connor et al, 2002). There was a strong
link between maternal anxiety in the third
trimester and  behavioural/emotional
problems in the resulting children at 4
years. This link was maintained after
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controlling for maternal anxiety on four
successive postnatal periods, up to 33
months. After controlling for antenatal,
obstetric and socio-economic risks, ante-
natal and postnatal depression and multiple
indicators of postnatal anxiety, we found
that self-reported antenatal anxiety at 32
gestation  predicted
behavioural/emotional problems in both

weeks’ severe
boys and girls. Hyperactivity/inattention
in boys was the one sub-scale that remained
significantly associated with anxiety in late
gestation after controlling for the above
covariates. The findings would not be easily
explicable by genetic transmission or
anxious parenting, because postnatal
anxiety on multiple subsequent occasions
was statistically controlled for. Of par-
ticular interest was the finding that the
effect derived from antenatal anxiety and
not depression, despite the marked overlap
between these dimensions. Anxiety, rather
than depression, is the analogue of the risk
used in animal studies.

Analyses from the ALSPAC cohort also
found evidence of a link between antenatal
anxiety and neurological development.
High maternal anxiety at 18 weeks’ gesta-
tion predicted atypical laterality (i.e. mixed
handedness) in the child (further details
available from the author upon request),
independently of maternal and paternal
handedness and obstetric and other ante-
natal risks. No association was found with
postnatal anxiety, indicating that maternal
anxiety had qualitatively different effects
on child handedness in the antenatal and
postnatal periods. An association between
antenatal anxiety and mixed handedness
in the child was also found in a Danish
cohort (C. Obel et al, personal communi-
cation, 2002). If antenatal anxiety is
causally associated with mixed handedness,
then it could have a role in other disorders
associated with mixed handedness that
have a neurodevelopmental component,
such as dyslexia and autism.

Several plausible mechanisms linking
antenatal stress/anxiety and disturbances
in offspring have been suggested. Antenatal
anxiety could increase the risk for offspring
disturbance by shortening gestation and
reducing birthweight. Preterm birth is the
single largest perinatal risk factor for later
morbidity, including
hyperactivity disorder and schizophrenia,
and being small for gestational age is

attention-deficit

associated with similar adverse mental and
behavioural problems (Hultman et al,
1999).
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Research supporting a mechanism
involving the HPA axis is increasing. Gitau
et al (2001) found that maternal and foetal
levels of the stress hormone cortisol were
correlated (r=0.58), suggesting that suffi-
cient maternal cortisol can cross the placenta
to significantly alter foetal exposure. Other
research indicated that elevated maternal
anxiety in late (but not early) pregnancy is
associated with impaired blood flow or
raised resistance index to the foetus
through
(Teixeira et al, 1999). High resistance is

associated with adverse obstetric outcome,

the maternal uterine arteries

particularly intra-uterine growth restriction
and pre-eclampsia, and could therefore also
help to explain why anxious mothers have
babies that are small for their gestational
age. It is unlikely that the same mechanism
explains all obstetric and behavioural/
emotional/neurodevelopmental outcomes.
Further research on the HPA axis as a causal
mechanism is required and will need to take
into account the fact that pregnancy itself
alters the functioning of the HPA axis.
Different effects of antenatal mood are
observed at different stages of gestation
because the foetus shows different vulner-
abilities depending on its state of develop-
ment. Thus, severe stress experienced in
early gestation, when the organs are being
formed, affects physical outcomes such as
cleft palate. In contrast, the effects of
stress/anxiety later in pregnancy, when
neuronal connections are being made in
the brain, are on behavioural/emotional
outcomes. However, about
developmental timing persist and this
remains a central area for research.

questions

IMPLICATIONS
FORIDENTIFYING
DEVELOPMENTAL
MECHANISMS

In conclusion, we consider examples of
how studies of antenatal stress/anxiety
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challenge current concepts of

development and psychiatric risk. The first

could

example concerns the role of ‘obstetric
factors’ (e.g. low birthweight), which have
been given considerable attention in psychi-
atric research. The role of antenatal anxiety
is considered rarely in these studies and, as
the preceding discussion suggests, poor
obstetric outcome might not only be a
causal agent for later morbidity in the off-
spring but also an outcome of antenatal
stress or affective disorder. A second mis-
specification that can result from ignoring
antenatal maternal mood is in the area of
postnatal depression. Frequently, postnatal
depression is preceded by antenatal de-
pression (Evans et al, 2001) as well as
antenatal anxiety; it could be that some of
the effects on the child attributed to post-
natal depression may derive instead from
antenatal mood, perhaps especially anxiety.
Third, the possibility that early stress expo-
sure increases the risk for child and adult
behavioural/emotional disturbances associ-
ated with the HPA axis (e.g. depression)
provides an important complementary —
or perhaps even alternative — hypothesis
to those derived from contemporary genetic
and psychosocial
obvious scientific, clinical and policy impli-
cations for psychology and psychiatry, the

research. Given its

hypothesis that antenatal stress or anxiety
in humans affects developmental program-
ming in a way that leads to later psycho-
pathology requires systematic and direct
testing.
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