Advances in Nursing Science
Vol. 28, No. 4, pp. 345-355
© 2005 Lippincott Williams & Wilkins, Inc.

Effects of Maternal Prenatal

Stress on Infant Outcomes
A Synthesis of the Literature

R. Jeanne Ruiz, PhD, RN, WHNP; Kay C. Avant, PbD, RN, FAAN

There is growing evidence that maternal prenatal stress may be hazardous to infant health.
Changes in maternal hormonal and immune function as a result of stress may adversely affect
the immune function and neurodevelopment of the fetus. Prenatal stress in the mother may
produce lasting effects on the (1) infant’s health status, (2) development and function of the
infant’s immune system, and (3) neurocognitive development of the infant. This article pro-
vides a synthesis of current human and animal literature on the effects of maternal prenatal
stress on the developing fetus and the infant, with the resulting model evolving out of the
framework of psychoneuroimmunology. The intent of the authors is an integrative review.
The authors examined the following research question: What effect does maternal prenatal
stress have on infants’ immune development and neurodevelopment? All relevant studies were
reviewed with no exclusion criteria. Major databases (CINAHL, MEDLINE, PsychINFO) were
searched using a combination of the following key words: prenatal stress, cytokines, thymus,
and infant neurodevelopment. Key words: infant outcomes, prenatal stress, psychoneu-

roimmunology, theoretical model

HE prenatal period is a critical period for

the development of the infant’s brain and
immunity. As such, it is a vulnerable time for
anything that may disturb homeostasis and de-
velopment, such as stress. Recent investiga-
tions have linked effects of prenatal stress in
the mother to perinatal outcomes for the in-
fant, specifically birth weight and gestational
age.!"> However, animal studies, as well as
preliminary studies in humans, suggest that
the effects of prenatal stress may continue
long after the baby is born.*® There may be
sensitive periods for stressors and critical de-
velopmental set points during fetal life that
program the neuroendocrine and immune
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functions in childhood and even into adult-
hood. In fact, prenatal stress in the mother
may produce lasting effects on the (1) infant’s
health status, (2) development and function
of the infant’s immune system, and (3) neu-
rocognitive development of the infant. The
immaturity of the immune system of the fe-
tus and the young infant makes both the fetus
and the infant particularly vulnerable to dis-
ease. Inadequate immune responses in an in-
fant may result in poorer health, more clinic
or emergency visits, increased costs for the
families, and strain on the healthcare system
as a whole.

In the last 30 years, scientists have studied
signals and routes linking psychosocial stres-
sors and physical stressors to endocrine and
immune responses.'®!! Nevertheless, the link
between maternal psychosocial stressors and
children’s immunity has not been well de-
scribed. The link has been better studied in
animals than in humans, leaving gaps as to
the extent of the implications in humans. Re-
cently, investigators have begun to examine
the effects of maternal prenatal psychosocial
stressors on neurocognitive development in
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the human infant. This article will provide a
synthesis of the current human and animal lit-
erature on the effects of prenatal stress on the
developing fetus and infant, with the result-
ing model evolving out of the framework of
psychoneuroimmunology.'® The authors will
propose both nursing implications and the
need for future research on the basis of this
synthesis.

Psychoneuroimmunology is the study
of the interactions among one’s psycho-
logical state (psycho), neuroendocrine sys-
tem (neuro), and immune system (immuno-
logy),'%!! Psychoneuroimmunology provides
a framework for examining the relationships
between behavioral and biological phenom-
ena and their influence on health outcomes.
In this case, the relationship is between psy-
chological stress in the mother and the re-
sulting maternal biological response, with the
outcomes on the immune system and neu-
rocognitive development in the infant. The
term stress is used to describe any physical
or psychological challenge that threatens,
or has the potential to threaten, the stabil-
ity of the internal milieu of the organism
(homeostasis).?

In the aforementioned biological response
to stress, the neuroendocrine and immune
systems play a major role in adaptation to
stress. The immune, endocrine, and ner-
vous systems communicate with each other
through short and long communication
loops.!! Activation of the stress system leads
to suppression of the immune system, pri-
marily via glucocorticoid-induced changes.
Production of cytokines and mediators of
inflammation is decreased, and their action
on target T cells is diminished. In turn, the
immune system may activate the stress sys-
tem by cytokine mediators of inflammation
to stimulate corticotropin-releasing hormone
(CRH), a 41-amino acid neuropeptide that
regulates the physiological responses to stress
and inflammation. A full negative feedback
system occurs between the hypothalamic-
pituitary-adrenal (HPA) axis of the stress
system and the immune/inflammatory
response.!!

MATERNAL PRENATAL STRESS

Stress is conceptualized in a variety of
ways, with chronic stress being but one type
of stress. Chronic stress has the greatest ef-
fect on immunity. Chronic stressors'? are de-
scribed as permeating a person’s life, forcing
that individual to reorganize his/her identity
and/or social role. Chronic stressors are char-
acterized by uncertainty regarding the time
at which they will end. In Segerstrom and
Miller’s meta-analysis'? of studies completed
in a variety of individual situations, chronic
stressors were found to be associated with
the most global immunosuppression, initially
in cellular immunity, and then in immune
function more broadly. These findings have
particular implications for pregnant women,
especially those belonging to ethnic minori-
ties and low-income women who are often
at risk for chronic stress. For Hispanics, for
instance, birth outcomes deteriorate as the
number of years for which they have lived in
America increases,'? implying that attempting
to adapt to a new culture may be a chronic
stressor.

Authors reporting one study'* present evi-
dence that chronic stress in healthy adults im-
pairs the immune system’s response to anti-
inflammatory signals and pro-inflammatory
cytokines, thus regulating the inflammatory
response. In one of the few studies examining
the effects of stress on the immune system in
pregnancy, a cross-sectional investigation of
72 pregnant women'” reported that high lev-
els of maternal psychological stress and low
levels of social support were significantly as-
sociated with depression of lymphocyte activ-
ity in the mother.

Conceptually, anxiety is closely related to
stress. Anxiety may be defined as the psycho-
logical consequence of exposure to real or
imagined stress.'® High trait anxiety (person-
ality related) may increase the psychological
response to stress.!” Anxiety has been related
to preterm birth but not to low birth weight
(LBW) in one study.'® In another study, both
depression and anxiety were found to be as-
sociated with LBW.!® In the study of McCool
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et al,'® trait anxiety scores at less than
20 weeks were higher for subjects who de-
livered either preterm or postterm. State/trait
anxiety measured at 32 to 36 weeks gestation
was related to gestational age at birth.

Some studies have used stress and anxiety
as a composite variable, combining stress and
anxiety to represent one concept.? These
studies found that the composite of the stress
variable was related to LBW and preterm
birth. However, when individual measures of
anxiety and depression were used, the re-
lationships were no longer present.?’ Lobel
and Dunkel-Schetter?! did repeated testing
of stress throughout pregnancy using mea-
sures of perceived stress, life events, and
state anxiety. The composite variable of psy-
chosocial distress measured the predicted ges-
tational length when birth weight, parity,
substance use, and medical risk were con-
trolled. The composite variable of anxiety,
perceived stress, and life events seemed to
reflect chronic stress, now implicated in ad-
verse health effects. In a study by Rini et al,??
structural equation modeling was used to sort
out the effects of state anxiety and pregnancy-
related anxiety on gestational length and birth
weight. Both types of anxiety predicted ges-
tational length. Stress and psychological re-
sources mediated ethnic differences in gesta-
tional age and birth weight.

A common consequence of stress is de-
pression. Depressive symptoms are common
in pregnancy, especially in lower socioeco-
nomic status women. Hoffman and Hatch?
suggest that depressive mood may be associ-
ated with poor fetal growth among lower so-
cioeconomic status women. Depression has
also been linked to the stress response of the
HPA axis, specifically CRH and cortisol levels
in pregnancy?* as well as in the nonpregnant
state.!! Changes in both cortisol and CRH lev-
els have been found to be associated with de-
pression and antisocial behavior in pregnant
adolescents.>* In one study, depression and
CRH levels were negatively associated.?> In
the same study, CRH levels were positively
associated with levels of the cytokine inter-
leukin 1 (dL-1). However, the sample size of

preterm infants was too small to make any
conclusions regarding the links of CRH, de-
pression, IL-1, and LBW or premature birth.
Other studies have found that CRH and sero-
tonin form circuits in the brain, with both be-
ing implicated in the pathophysiology of ma-
jor depression and suicide.?°

EFFECTS OF PRENATAL STRESS ON
MATERNAL ENDOCRINE FACTORS AND
MATERNAL IMMUNE FACTORS

A major component of the response to
stress is CRH in the hypothalamus, which reg-
ulates the peripheral activities of the HPA axis.
In pregnancy, very early in gestation, the pla-
centa produces hormones and cytokines and
appears to function in a manner similar to
HPA target systems. Placental CRH is identi-
cal to hypothalamic CRH in structure®” and
increases exponentially over gestation, result-
ing in its release into the maternal and fe-
tal compartments. The physiology of placen-
tal CRH illustrates that the placenta acts as
a sensory and effector organ for the fetus.
Activation of the HPA axis by CRH results
in the systemic elevation of glucocorticoids
(cortisol). Glucocorticoids act in concert to
maintain or effect a return to the state of
homeostasis.!! Placental CRH is thought to
regulate fetal growth by effecting placen-
tal perfusion and fetal cortisol production.
Fetal cortisol is essential for organ growth
and maturation and has a positive feedback
loop with CRH. Wadhwa and colleagues?® re-
ported significant associations between ma-
ternal psychosocial stress and 2 effectors of
placental CRH (maternal ACTH [adrenocorti-
cotropic hormone] and cortisol) in the early
third trimester of gestation. Therefore, CRH
and cortisol are key endocrine factors with
the stress response in regulating maternal fe-
tal health.

A stressor may also be an immune challenge
that threatens homeostasis. Certain cytokines,
such as tumor necrosis factor-a (TNF-o),
IL-1, and IL-6, activate the stress system in
vivo.?? Stress that is associated with an im-
mune challenge has been called immune or
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inflammatory stress, and, like other forms
of stress, is coordinated by the central stress
system and its peripheral components. The
observations that stress hormones, partic-
ularly glucocorticoids, inhibit lymphocyte/
leukocyte proliferation, migration, and cyto-
toxicity, as well as the secretion of certain
cytokines, such as IL-2 and interferon-gamma
(INF-y), led to the initial conclusion that
stress was, in general, immunosuppressive.’
More recent research, however, suggests that
stress-induced concentrations of glucocorti-
coids and catecholamines may influence the
immune response in a more complex way.
Immune responses are controlled by
(a) antigen-presenting cells, such as mono-
cytes and macrophages, which are compo-
nents of innate immunity, and (b) Thelper
(Th) lymphocyte subclasses Thl and Th2,
which are components of acquired or adap-
tive immunity. Th1 cells promote cellular im-
munity, whereas Th2 cells promote humoral
immunity. Naive CD4™" (or T-cell subsets that
are antigen-inexperienced) ThO cells serve as
precursors of Thl and Th2 cells. Cytokines
produced by the cells of the innate immune
system (monocytes and macrophages) are
among the most important factors influenc-
ing differentiation of THO cells toward the
Th1 or Th2 subset, which drive cellular and
humoral immune responses. Thl and Th2
responses are mutually inhibitory.> Evidence
over the past few years strongly suggests
that stress hormones differentially regulate
Th1/Th2 patterns and type 1/type 2 cytokine
secretion, thereby potentially altering the
balance between these 2 arms of acquired
immune responses.’® Successful pregnancy
requires a shift in the maternal cytokine ratio
from predominantly Th1 (pro-inflammatory)
to Th2 (anti-inflaimmatory).?! Recurrent
pregnancy loss has been associated with
failure of this shift in cytokines.??
Investigators have found that the physi-
ologic response to chronic stress in preg-
nancy includes significant changes in the ma-
ternal immune response, affecting cytokines.?
When the maternal cytokines cross the pla-
centa, they can affect the fetus. IL-6 and

IL-8 receptors are found in a wide variety
of fetal tissues, including brain stem and
cerebellum.?® This early binding and activa-
tion in the fetal brain may permanently alter
later interactions and can have significant ef-
fects on the central nervous system and im-
mune function.

MATERNAL PRENATAL STRESS AND
NEUROCOGNITIVE DEVELOPMENT OF
THE INFANT

Neuroscience studies indicate that the hip-
pocampus appears to be adversely affected
by stress during early development.* The
hippocampal pyramidal neurons contain a
high concentration of glucocorticoid recep-
tors that are sensitive either to hypercorti-
solemia caused by severe stress or to expo-
sure to exogenous glucocorticoids.’> Some
researchers suggest that prenatal stress en-
hances the release of maternal stress hor-
mones, and these hormones are able to en-
ter the fetal circulation. In turn, they affect
fetal hippocampal ontogeny by downregulat-
ing glucocorticoid receptors and/or exerting
neurotoxic effects on hippocampal cells.3*

The hippocampus and its connecting fibers
within the other limbic and paralimbic struc-
tures are particularly important in the devel-
opment of associative memory. Hippocam-
pal insufficiency causes disruption in the
performance of associative memory, spatial
memory tasks, and procedural (or reference)
memory.>® The limbic system also mediates
the development of conditioned responses
and, in the absence of one-to-one reinforce-
ment schedules, mediates operant learning
paradigms. Damage to the medial temporal
lobe, amygdala, and its connecting fibers typ-
ically results in difficulties in the formation
of new memories and in affective rage-like
behaviors.’” The hippocampal region func-
tionally interconnects with the frontal lobes
that regulate executive functioning activities:
(D) volition, (2) planning, (3) purposive ac-
tion, and (4) effective performance. Dam-
age to the frontal lobes, that is, executive
functioning, impedes the input, storage, and
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integration of data.>” Prenatal stress research
involving animal models has shown impair-
ments in the areas of acquiring discriminative
learning, shifting problem-solving strategies,
and demonstrating operant response skill in
the offspring of prenatally stressed rats.>® The
research also noted that the offspring of rats
showed problems in coping with novelty and
spatial learning. Thus, damage to the hip-
pocampus may result in problems with mem-
ory and executive function.

In infancy and childhood, overproduction
of glucocorticoids and excessive HPA activity
appear to adversely impact neurodevelop-
ment, emotional regulation, and intellectual
development.’®> Studies highlighting neu-
ropsychological deficits, such as motor prob-
lems, poor attention/concentration, poor
social/emotional development, decreased
balance, and exploratory behaviors, all point
to neurodevelopmental problems.”*® In
addition, maternal stress in the first year of
the infant’s life, and especially postpartum
depression, may increase the vulnerability
of the developing child’s HPA axis to later
stress exposure, and lead to dysregulated
behavior.

In animals, the postnatal environment, par-
ticularly the quality of maternal care, can
alter the expression of genes that regulate
responses to stress, in addition to dimin-
ishing the development of the hippocampal
synapse. Patterns of maternal care that in-
crease infants’ stress have significant effects
on infants’ neural development.®! In addi-
tion, in a study of male boar pups, the way
investigators handled the offspring perma-
nently altered HPA function, affecting corti-
sol level and behavior.#? Another study in rats
found that maternal deprivation (24 hours)
caused elevated levels of corticosterone, and
the pups continued to show vigorous corti-
costerone and ACTH responses even to mild
stress. In the deprived pups, CRH gene tran-
scription was downregulated, and arginine
vasopressin assumed the major regulation of
ACTH. Maternal deprivation also caused in-
creased cell death in various regions of the in-
fant brain.®3

O’Connor et al** studied the effects of an-

tenatal anxiety and depression on behavioral
and emotional problems in children. In a sam-
ple of 7442 mothers, investigators measured
maternal depression and anxiety during preg-
nancy at 18 and 32 weeks and postpartum at
8 and 32 weeks. Maternal depression and anx-
iety were found to be highly correlated in the
antenatal period (r = 0.72 and 0.66, P < .001)
and moderately correlated in the postpartum
period (r = 0.35 and 0.42, P < .001). Findings
indicated that significantly elevated anxiety or
depression, whether antenatal or postpartum,
was associated with a 2 to 3 times increase
in the total number of problems in children
at 4 years of age. The single most predictive
variable for serious behavior problems in chil-
dren, aged 4 years, was antenatal anxiety at 32
weeks gestation (odds ratio = 1.72, P = .000).

In contrast, we postulate that antenatal de-
pression is less a risk and may, in fact, only be
a marker of antenatal anxiety. Another study>®
found that human mothers who had high pre-
natal anxiety in the second trimester of preg-
nancy also had high depression. Their infants
spent more time in deep sleep, and less time
in quiet and active alert states, and showed
lower motor organization and autonomic sta-
bility on the Brazelton Neonatal Behavior As-
sessment Scale®® when compared with infants
of mothers who did not experience anxiety
and depression.

Van der Bergh®® studied the effects of pre-
natal maternal stress upon postnatal devel-
opment of human infants and found that
general anxiety in the third trimester of preg-
nancy was positively correlated with a diffi-
cult temperament in infants at 10 weeks and
at 7 months postdelivery. General anxiety was
not correlated with mental or motor develop-
ment in infants.*>

One of the better-controlled human, pre-
natal stress studies took place at The Univer-
sity Medical Center in Utrecht, Netherlands.
The Dutch research team“® hypothesized that
prenatal stress predicted the developmental
outcome of human infants. The researchers
administered pregnancy-specific stress and
anxiety tests and collected salivary cortisol



350 ADVANCES IN NURSING SCIENCE/OCTOBER-DECEMBER 2005

samples from pregnant women for corti-
sol determination (an endocrinological index
of stress). In addition, researchers adminis-
tered the Bayley Scales of Infant Develop-
ment (BSID)*’ and infant temperament ques-
tionnaires (dependent measures) at 3 and
8 months. The researchers® reported that
pregnancy-specific anxiety in midpregnancy
predicted lower BSID scores on mental and
motor development for infants at 8 months.
Overall, the negative effects of mothers’ pre-
natal stress on developmental outcomes of in-
fants were more clear-cut at 8 months than at
3 months. Values of maternal cortisol taken in
the early morning during late pregnancy were
found to be negatively related to BSID scores
on mental and motor development of the in-
fants at 3 months and BSID score on motor
development of infants at 8 months.

The effects of pregnancy anxiety in women
remained significant after adjusting for possi-
ble confounders, such as socioeconomic sta-
tus, maternal age, birth weight, gestational
age, biomedical risks during pregnancy, peri-
natal complications, and the mothers’ postna-
tal stress and depression levels. The authors*
indicated that increased maternal stress dur-
ing pregnancy seems to be one of the de-
terminants of infant temperamental variation
and development delays. Levels of perceived
stress and maternal ACTH were also associ-
ated with problems in the infants’ adapta-
tion to a new situation or to the presence
of unfamiliar persons. The finding that ma-
ternal ACTH was also related to more infant
adaptation problems suggests that prenatal
stress may adversely affect infant tempera-
ment. These findings indicate a strong link of
prenatal stress to infants’ neurodevelopment.
However, there is a gap associating immunity
and neurodevelopment as predicted by mater-
nal prenatal stress.

Effects of prenatal stress on thymic
function

Over time, it has become clear that the
thymus is more than an immune system or-
gan; it is also an endocrine gland.*® The thy-

mus is the storehouse for immature T lympho-
cytes and is the primary site from which T
lymphocytes differentiate and acquire CD4 or
CD8 protein markers and receptors that allow
them to bind with specific antigens. Mature T
cells are responsible for the majority of spe-
cific cellular immune responses. Their major
function is to screen the body for all foreign
antigens.*® The prenatal and early postnatal
periods are critical for the development of the
thymus, and insults during those periods may
have more serious consequences in terms of
the ability of the T cells to differentiate and
mount an appropriate response later in life.>°
The thymus may also be capable of influenc-
ing the psychological status of the individual
via neurotransmitters.>! Song>? indicates that
changes in the function of the thymus play
an important role in the functional balance
among macrophages, cytokines, and lympho-
cytes, thereby inducing neurotransmitter and
neuroendocrine changes, and memory distur-
bances in depressive illness.

Several animal studies examined the effects
of glucocorticoids, given prenatally, on the
development of the newborn’s immune sys-
tem. After rats were born, investigators® ex-
amined the effects of dexamethasone (DEX)
on the thymus, spleen, hypothalamus, and
blood plasma. DEX exposure resulted in de-
creased T cell numbers in the thymus and
spleen of the newborn rats. Prenatal DEX ex-
posure seemed to delay the migration of T
cells into the spleen and exerted major effects
on CRH hypothalamic neurons. These facts
have implications for enhanced HPA stress re-
sponsiveness in later life. Kavelaars et al>® ex-
amined the sensitivity of T cells to DEX in
human infants and found that cord blood T
cells are extremely sensitive. The DEX-treated
T cells inhibited the proliferative response,
which did not improve until the infant turned
1 year old. Together, these 2 studies suggest a
sensitivity of T cells to cortisol (ie, DEX), indi-
cating a potential long-term effect from HPA
dysregulation due to stress.

Evidence indicates that stress affects the
thymus. In a study in rats, one group of ar-
tificially reared rats was gastrostomized and
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reared independently of the mother and an-
other group was reared maternally. Artifi-
cially reared rats had lighter thymuses, lower
thymic cell numbers, and a greater percent-
age of necrotic cells than did maternally
reared rats.*> These results have conse-
quences for the development of adult T
cellular immunity. In another study with rhe-
sus monkeys, Hou et al®* found that ju-
venile monkeys separated from their social
companions overnight had elevated cortisol,
increased polymorphonuclear lymphocytes,
and fewer CD4 and CDS8 (subsets of T cells)
lymphocytes when compared with monkeys
who were not separated. Von Hertzen> hy-
pothesizes that chronic maternal prenatal
stress may predispose children to asthma and
atopy or allergy prevalence.

The generation of new T cells requires a
functional thymus. However, the thymus invo-
lutes rapidly after birth. Functionality of the
immune system is linked to the receptor di-
versity of the T-cell pool, as this is how T
cells recognize different antigens. Schelonka
et al’® found that the genetic constitution had
only a subtle contribution to the immunodefi-
ciency of the newborn and that generation of
T-cell diversity is intact by 24 weeks gestation.
Neonatal T cells are very sensitive to growth-
promoting cytokines, and CD4 and CD8 T
cells display distinct response patterns. There-
fore, the investigations presented here indi-
cate the potential profound effects of prena-
tal stress on the functionality of the immune
system, particularly the diversity of the T-cell
response.

Effects of prenatal stress on infant
immune function—cytokines

Many of the research findings concerning
the effects of prenatal stress on infant immune
responses are from animal models. Coe et al>’
studied rhesus monkeys and found that pre-
natal chronic stress significantly lowered the
cytokine responses in the offspring, lasting
up to 2 years after birth. This change in im-
mune response may be due to increased HPA
axis activity and consequent high levels of

steroids. Using either physiologic (ACTH ad-
ministration) or psychological prenatal stres-
sors, authors of other studies with rhesus
monkeys>® assessed the potential long-term
effects on the cytokine response. The physi-
ologic (ACTH) treatment was found to be the
most potent stressor, blunting the IL-18 and
IL-6 responses, and diminishing the ability to
raise temperature in response to the stressor.

The administration of pro-inflammatory cy-
tokines to human adults induces a pattern
of behavioral alterations that appears similar
to depression. Pro-inflammatory cytokines ap-
pear to influence brain function by affecting
serotonergic systems in the brain and pe-
ripheral bloodstream. Cytokines also stimu-
late hypothalamic and preoptic noradrener-
gic neurotransmission and markedly stimulate
the HPA axis. Pro-inflammatory cytokines may
thus produce an increased glucocorticoid re-
sistance. Increased levels of cytokines may in-
duce changes in the brain mimicking those
found in depressed patients. These findings
led to the hypothesis that cytokines induce
depression by their influence on the nora-
drenergic and HPA system.>

Several studies indicate the importance
of cytokines in relationship to either stress
or diseases common in infants. Evidence®
indicates that IL-10 (anti-inflammatory cy-
tokine) is significantly reduced in intrauter-
ine, growth-retarded placentas. Schultz et al°!
showed that neonates have a poor ability to
regulate the responses of anti-inflammatory
cytokines during infection. This may predis-
pose infants with immature organ develop-
ment to harmful effects of pro-inflammatory
cytokines. In children, aged 1 to 21 months,
an investigation of the cytokine response in
respiratory syncytial virus found that both
pro-inflammatory and anti-inflammatory cy-
tokines were present. The investigators hy-
pothesized that the balance between the two
may dictate the disease outcome in the baby.

A model of the effects of prenatal stress
on infant outcomes

Figure 1 summarizes in graphic form the
results of the end product of this synthesis
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Figure 1. Model of effects of prenatal stress on infant outcomes. CHR indicates corticotropin-releasing hormone;

ACTH, adrenocorticotropic hormone.

of the literature. A pregnant woman’s reac-
tion to stress causes an increase in produc-
tion of CRH, ACTH, and cortisol. Increases
in these 3 hormones activate cytokine pro-
duction in the mother’s immune system. A
compromised maternal immune system pre-
disposes the mother to infections. Elevated
levels of CRH and maternal infection predis-
pose the mother to premature delivery and
her infant to problems of prematurity and
LBW.

The increase in maternal cytokines down-
regulates the fetal immune system, including
the thymus gland, and may retard the growth
of the hippocampus in the fetal brain. The
downregulation of the infant immune system
may predispose the infant to increased num-
bers of illnesses in the first year of life. Alter-
ations due to stress may cause a reduction in
size of the hippocampus, which in turn may
predispose the infant to reduced neurocogni-
tive function and developmental delays.

Implications for nursing practice

Nurses need to be aware of the potentially
deleterious effects of prenatal stress on both
the mother and her infant. Although studies
using human mothers and babies are small
in number, evidence is growing that prenatal
stress may be hazardous to infant health and
well-being. Nurses should screen their prena-
tal patients for excessive stress. At present,
there are few instruments available for mea-
suring prenatal stress. However, nurses can

ask simple questions during prenatal visits,
and use interview data to assess their patient’s
stress level. Questions such as “What do you
worry most about?” “What is causing you the
most stress this week?” “What are you doing
to help yourself cope or manage worries and
stress?” and “Who is around to help you?” are
all good ways to help a patient talk about
stress in her life.

Little research is available to support
evidence-based interventions for prenatal
stress. More research needs to be undertaken
on this topic. In the meantime, since stres-
sors may vary significantly among patients,
nursing interventions should focus on reliev-
ing the particular stress the patient is fac-
ing. There are also numerous general stress-
reducing interventions, such as relaxation
training, yoga, and meditation, that have been
used with good effects in nonpregnant pa-
tients. From the evidence in this review, the
impact of prenatal stress may be significant for
the ongoing well-being of the growing child.
As effective interventions are refined from re-
search, they may be brought into the clinical
setting with the potential to impact the long-
term health of the growing child.

Implications for nursing education

The findings from this synthesis can easily
be reviewed and taught in graduate classes,
such as pathophysiology and reproductive
health. Further study is imperative, and in-
cluding this content in classes will encourage
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more students to become interested in the
evolution of this vital body of knowledge.

Implications for nursing research and
knowledge development

There are several implications for nursing
research, not the least of which is the need
for sound instruments for measuring acute
and chronic stress in pregnancy. At present,
there is a paucity of pregnancy-specific tools
that can be used for research and/or clini-
cal screening. Short, easy-to-use, reliable, and
valid tools would be extremely valuable in the
clinical setting in order to focus interventions
on the women with the most stress.

More studies need to be undertaken us-
ing physiologic measures of stress in ad-
dition to psychosocial measures. Very few
researchers have attempted to combine mea-
sures. More research funding is needed be-
cause physiologic studies are very expensive.
More convenient access to laboratory facili-
ties is also needed. In addition, the complex-
ity of this type of research requires multidisci-
plinary teams to provide the expertise needed
to plan and conduct such studies. Serious re-
search questions need to be answered. For in-
stance, there is no clear evidence what the
threshold is for psychosocial or physical stress
needed in a pregnant woman to induce the
physiologic arousal initiating the cascade of
events reported here. With one or two ex-
ceptions, only animal studies provide any ev-
idence of the effect of prenatal stress on in-
fants’ immune function. These questions and
more need to be explored.
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