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tional age, lower birth weight, and smaller
head circumference when corrected for birth
weight. Stress had a similar magnitude of
effect to smoking. Prenatal stress also
significantly worsened the scores on the
neonatal neurological examination.

POSSIBLE TRANSMISSION
MECHANISMS

The mechanism for the transmission of
maternal stress to the foetus is not known.
It is possible that raised maternal stress
hormones constrict the uterine artery, caus
ing impaired blood flow to the baby, which
in turn generates a foetal stress response. It
is also possible that, despite substantial
metabolism by the placenta, certain hor
mones are transmitted in sufficient quantity
to the foetus to have a direct effect. About
80% of maternal cortisol, which rises
substantially throughout pregnancy, is me
tabolised to cortisone by I I f3-hydroxyster
oid dehydrogenase in the placenta
(Tulchinsku & Little, 1994). The only study
which has looked at maternal and foetal
levels together, at different gestational ages,
failed to find a significant correlation
(Economides et a!, 1988). However, it is
possible that in certain circumstances, for
example, in women with reduced 11 @3-
hydroxysteroid dehydrogenase activity,
higher levels of cortisol do reach the baby.

HPA RESPONSES AND
DEPRESSION

Small head circumference, one of the effects
of maternal stress described by Lou et a!
(1994), has been linked with a later in
creased HPA responsiveness (Ramsay &
Lewis, 1995). This was shown by the
amount of increase in saliva cortisol, after
an inoculation prick, at six months of age.
This, then, is similar to the effects of
maternal stress found in animals.

There is substantial evidence for ab
normalities of the HPA axis in many adults
with major depression, including increased
cortisol levels, and failure of the dexametha
sone suppression test. Several groups have
suggested that a hyper-responsive HPA axis
is the primary defect, with changes in
monoamine systems being secondary. It
looks plausible that maternal stress in
pregnancy has long-term neurodevelopmen
tal effects on the infant, and these may
include an increased predisposition to later
depression.

There has been much attention paid in
recent years to postnatal mental illness and
also to its possible effects on the baby. Much
less attention has been given to antenatal
mental disorder and its possible effects on
foetal development. There is increasing
evidence that variations in the prenatal
environment can influence the responses of
the baby for life. For example, birth weight,
throughout the range of low to high, has
been found to be a predictor of susceptibility
to coronary problems several decades later.
Barker has emphasised how adult vulner
ability to disease may be programmed
during the foetal period (Barker, 1995).
There is also increasing evidence that the
foetus develops a range of behavioural
responses from quite early in gestation. It
responds to external sounds, for example,
from at least 20 weeks (Hepper & Shahi
dullah, 1994). It also can mount its own
hormonal (Giannakoulopoulos et a!, 1994)
and other (Teixeira et a!, 1996) stress
responses, from at least mid-gestation.

ANIMAL STUDIES

It is clear from animal studies that the
behaviour of the adult offspring can be
altered by prenatal stress in the mother. In
particular, the hypothalamoâ€”pituitary
adrenal (HPA) axis has been shown to be
affected, showing increased responsiveness
to a particular stimulus. For example,
stressing the mother monkey, by exposure
to unpredictable noise during mid- to late
gestation, resulted in the offspring having
raised basal cortisol levels, and a raised
adrenocorticotropin response during stress
(Clarke et a!, 1994). Similar findings have
been obtained with rodents. Henry et a!
(1994) have shown that prenatal stress of
the mother caused an elevated corticoster
one response in the offspring during ex
posure to a novel environment. Levels of
both glucocorticoid type I and type II
receptors were reduced in the hippocampus

at 90 days, showing a possible mechanism
for the long-lasting effects on the HPA axis
(Henry et a!, 1994).

HUMAN STUDIES

Most human studies in this area have looked
at links between a variety of types of
antenatal maternal psychological distress
and obstetric outcome. This is a difficult
area of research, with many possible con
founding variables, including genetic fac
tors, parity, age, smoking, and so on.
However, the results of several of the
studies, although not all (Perkin et a!,
1993), have pointed in the same direction:

that antenatal maternal psychological pro
blems are linked with complications of the
pregnancy, often in a somewhat non-specific
way. The most frequent findings, obtained
in several independent studies, are that
antenatal stress or anxiety are linked with
prematurity, or low birth weight for gesta
tional age (e.g. Pagel et a!, 1990; Hedegaard
et a!, 1993; Copper et a!, 1996).

Two studies have shown that a schedule
to reduce maternal anxiety in pregnancy
resulted in slightly but significantly bigger
babies (Field et a!, 1985; Rothberg & Lits,
1991). However, a larger study, which used
home visits, found no effect (Villar et a!,
1992). More work obviously needs to be
done to determine the efficacy of different
types of intervention.

The best evidence for an effect of
maternal stress on the development of the
baby, comes from a study (Lou et a!, 1994)
which has examined the links between life
events, or prenatal stressors, and foetal
brain development. This group followed
3021 women through their pregnancy and
obtained information about their stress by
questionnaire. They then compared the 70
most stressed with SO controls from the
sample. They found that both antenatal
stress and smoking contributed indepen
dently and significantly to a lower gesta
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CONCLUSION

We know very little about the long-term
effects of antenatal maternal stress or
anxiety on the foetus, or on the child.
Although there is much concern over struc
tural teratogenic effects, there has been little
attention given to possible behavioural
teratogenicity. Animal studies suggest these
to be quite probable. We know that the
developing fetus is very sensitive to the
action of certain drugs. It may well be that
the developing nervous system is also
affected by its hormonal milieu. Unlike
other strategies to improve mental health,
a programme to reduce maternal stress or
anxiety during pregnancy might be relatively
easy to institute. Research here could pay
obvious dividends.
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