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A B S T R A C T

There is significant current interest in the degree to which prenatal exposures, including maternal psycho-
logical factors, influence child outcomes. Studies that detect an association between prenatal maternal
psychological distress and child developmental outcomes are subject to a number of interpretative chal-
lenges in the inference of causality. Someof these are common tomany types of prenatal exposures thatmust
necessarily rely on observational designs. Such challenges include the correlation between prenatal and
postnatal exposures and the potential role of other sources of shared influence, such as genetic factors. Others
are more specific to this area of research. These include confounding between maternal report of child
outcomes and the maternal psychological attributes under study, difficulties in distinguishing maternal
stress frommore ubiquitous aspects ofmaternal personality, and the lack of association between cortisol and
measures of maternal psychological stress. This article considers these methodological issues and offers an
additional methodology focused on fetal neurobehavior for discerning potential mechanisms that may
mediate associations between maternal psychological functioning and the developing fetal nervous system.
� 2012 Society for Adolescent Health and Medicine. All rights reserved.
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There is growing support for a central role of the prenatal
eriod in the health and development of offspring throughout
hildhood and adult life. Focus on the formative role that earlier
xperiences and exposures can have on later periods of develop-
ent, both within and across individuals, has been a central

enet of developmental sciences for much of their history, as has
nderstanding that neither health nor development commences
t birth [1]. Speculation about the influence provided by the
aternal environment in general, and the emotional and psy-
hological state of the pregnant woman in particular, permeates
istory, literature, and culture. The Fels Longitudinal Study of
uman development of the 1930s applied scientific methods to
his subject. Potential prenatal maternal influences on fetal and
hild development that were studied include exposures such as
igarette smoking and nutritional factors, as well as maternal
sychological factors of emotionality and stress [2,3]. Some 80
ears later, investigators continue to pose similar questions, fa-
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ilitated by newer methodologies, research design, and concep-
ual perspectives.

Resurgence in interest in the role of maternal psychological
tress and emotions has emerged over the past several decades,
ocused both on pregnancy outcomes, such as timing of delivery
nd infant size at birth [4–6], and more persistent effects on

child development, behavior, and temperament [7,8]. The cur-
rent article is not meant to serve as an exhaustive review or
synthesis of the abundant existing literature on prenatal mater-
nal stress. Instead, its goals are to (1) reflect on some of the
principal challenges inherent in establishing causality between
prenatal psychological distress and subsequent child develop-
ment outcomes, and (2) broaden the discussion by posing addi-
tional mechanisms through which the maternal psychological
state may be transduced to the developing fetus.

Maternal stress as a developmental teratogen

Maternal psychological stress has essentially been conceptu-
alized as a teratogen, an agent that can generate deleterious
perinatal and/or developmental outcomes. As such, it shares the
same methodological challenges that all such studies do in at-

tempting to isolate the effects of an exposure from other con-
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founding influences because such studies are necessarily obser-
vational in design in humans [9]. In particular, as with exposure
to contaminants found in the physical environment, prenatal
exposures covary with postnatal exposures. That is, womenwho
are psychologically distressed during pregnancy tend to remain
so after pregnancy [10–12]. Thus, the burden of proof for inves-
tigators is to demonstrate that maternal distress, which is pre-
sumed to affect the developing fetus through physiological alter-
ations to the intrauterine milieu, confers significant unique
variance to outcomes above and beyond knownassociations. The
known associations include the well-documented effects that
maternal psychological distress (particularly depression and
anxiety) and personality characteristics within the normal range
have on parenting behaviors, which in turn influence child out-
comes [13–15]. Inadequatemeasurement or control of postnatal
maternal distress could result inmisattribution of socially medi-
ated mechanisms (i.e., postnatal parenting) to biological ones
(i.e., physiologically inspired alterations to the developing fetal
brain or other organ systems).

Although measurement reliability and validity are vital to all
research, quantification of maternal psychological functioning,
including perceptions of stress, is notoriously challenging, given
its inherently subjective nature and individual differences in the
propensity to regard circumstances as stressful [16,17].Maternal
appraisal is central to paper-and-pencil measures that are used
to quantify stress duringpregnancy, and there is strong empirical
correspondence between measures of maternal stress, anxiety,
anddepression. Although these represent separate psychological
constructs, empirically they are difficult to disambiguate, with
correlation coefficients routinely ranging from the .50s to .70s
[6,10,18,19]. As a result, we prefer to use the term “maternal
distress” when characterizing the constellation of features of
maternal psychological functioning that include stress appraisal,
anxiety, and depressive symptomatology. More importantly,
there is significant concern regarding the degree to which the
questionnaires routinely used in prenatal stress research charac-
terize true interindividual variation in stressful prenatal circum-
stances as opposed to expressions of maternal temperament or
personality, particularly trait anxiety and neuroticism [19]. Evi-
dence that perceived stress, as defined by these instruments, has
a substantial heritable component [20] underscores these con-
cerns. This is not simply a semantic issue but an important
conceptual distinction that speaks to ultimate attribution of cau-
sality to observed associations.

Animal models of prenatal stress on offspring development
can circumvent this issue and also afford the opportunity to
examine concomitant changes to neuronal and cellular structure
and function [21,22]. Stressors used in animal models, such as
periods of physical restraint or unpredictable noise, are applied
in a controlled manner in terms of duration, frequency, and
intensity within an experimental framework that includes es-
sentially a random selection of animals. This degree of control is
its strength but also its limitation to generalizing findings to
human development. In general, for the reasons detailed in the
preceding paragraph, psychological stress research in human
pregnancies does not reflect systematic events applied to ran-
domly selected individuals but rather reflectswomen’s appraisal
of their daily lives through the lens of their mood states and
personality inclinations. The exception to the nonrandomness
aspect of this research can be found in studies that take advan-
tage of naturally occurring population-based disasters [23–26].

However, because the degree to which women perceive the
same event as stressful is moderated by individual psychological
differences, investigators have endeavored to distinguish objec-
tive (e.g., property damage) from subjective (e.g., ratings of dis-
tress after trauma) [25]. It is also worth noting that although
exposure to disasters may be relatively random, the ability of
families to mitigate the physical and psychological impact of the
event is not, and corresponds to their access to resources. Given
the well-known association between lower socioeconomic sta-
tus and adverse child outcomes [27], strong control for socioeco-
nomic status of participants is needed.

Measuring child behavior and developmental performance
is costly and time consuming, but it is the foundation of
developmental epistemology. To date, maternal report of child
behavior, temperament, and developmental status, as op-
posed to laboratory-basedmeasurement of these outcomes, has
been the prevailing source of information in studies linking ma-
ternal psychological distress to child outcomes. Maternal report
has a number of advantages (e.g., greater information regarding
child behavior across time and context) and continues to play an
important role in many types of developmental research. How-
ever, maternal psychological characteristics provide systematic
sources of bias that colormaternal perceptions of child behavior,
temperament, and development [28–35]. After birth, women
who report greater psychological distress duringpregnancy view
parenting as more stressful [36]. Because the direction of these
known associations (i.e., greater maternal psychological distress
is associated with more negative appraisal of child behavior or
temperament) is the same as the hypothesis typically under
evaluation, interpreting findings of less optimal child outcomes
based on maternal reports by more distressed women is prob-
lematic, given the inherent confounding betweendependent and
independent measures.

Studies that show links between prenatal maternal distress
andmeasured child outcomes reveal a complex pattern of results
that can be instrument, age, or gender specific [18,37–39]. In our
ownwork, we found thatmaternal psychological distress during
pregnancy was associated in a dose–response manner with Bay-
ley Scales of Infant Development scores at the age of 2 years such
that greater levels of reported prenatal distress (including de-
pressive symptoms, anxiety, and stress appraisal) were associ-
atedwith higher developmental scores. Controlling for postnatal
distress did not alter this association [40]. Because it is plausible
thatwomenwhohave these characteristics (e.g., greater anxiety)
may engage in childrearing practices that may act to promote
accelerated child development, we subsequently evaluated de-
velopment within the second week of life using brainstem audi-
tory evoked potentials. The speed at which the brainstem audi-
tory evoked potential is conducted through the auditory nerve
serves as a proxy for greater neural maturation [41,42]. We
observed significant relations between highermaternal prenatal
distress and faster conductance, suggesting that greater mater-
nal prenatal distress was associated with accelerated neural
maturation in neonates [43].

However, even studies that appropriately control for postna-
tal maternal distress and rely on laboratory-basedmeasurement
of development are left with a remaining interpretative chal-
lenge involving the role of shared inheritance factors in mediat-
ing both the dependent and independentmeasures. That is, child
behavioral or temperamental outcomes that may be linked to
prenatal maternal distress may be precursors or manifestations
of the same characteristic expressed in adults. This concept is

encountered in other types of research on prenatal exposures in
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which the exposure involves a maternal behavior. A cautionary
tale is provided by the widespread reports that offspring of
women who smoked cigarettes during pregnancy have greater
incidence of attentional and regulatory disorders, including
higher rates of attention deficit hyperactivity disorder [44].
However, women who continue to smoke during pregnancy—
despite widely available information on its harm to the fetus—
may be systematically different from those who do not in a
manner that is consistent with the observations in offspring (i.e.,
alterations in inhibitory or regulatory control). Refinement of the
research designs used to address this issue has generated results
that have begun to converge around the conclusion that the
observed associations are spurious and do not reveal prenatal
biological mediation of exposure to cigarette smoking on child
developmental outcomes. These include comparing offspring
whowere conceived through assisted reproductive technologies
(ART) using either genetically related or unrelatedmaterials [45],
and large-scale analyses that compare offspring of women who
were smokers both within (i.e., siblings exposed to variation in
exposure) and between families [46,47]. Conclusions from both
types of design reveal either genetic or environmental influences
on observed associations with cigarette smoking and provide
strong caution against imputing prenatal causality to postnatal
developmental disorders [48]. A single study using the assisted
reproductive technologies design found mixed results on child
outcomes with respect to maternal psychological stress (e.g.,
persistent associations with conduct problems but not attention
deficit hyperactivity disorder or child mental health) [49]. How-
ever, this study relied on parental report of child behaviors and
so generates the same concerns detailed previously in inferring
causality. Nonetheless, creative approaches such as these are
significant steps forward and critical to ultimately determine
whether prenatal maternal psychological factors are simply
markers for other processes or confer true biological mediation.

A final reflection on interpretation of studies in this area is on
the prevailing notion that cortisol is the putative physiological
mechanism that mediates any observed link between maternal
psychological distress during pregnancy and child developmen-
tal outcomes. In general, studies have not detected significant
associations between measures of maternal psychological dis-
tress during pregnancy and circulating cortisol levels detected in
maternal serumor saliva [50–52]. The strength of the association
is weak in those studies that do [19]. For example, in a study of
maternal state anxiety preceding amniocentesis—a circum-
stance that can be presumed to activate the hypothalamic-
pituitary-adrenal (HPA) axis—the amount of shared variance be-
tween cortisol and psychological state was approximately 3%
[53]. The functioning of the HPA axis in pregnancy is complex
because of the increasing role of the placenta as a neuroendo-
crine organ. Cortisol levels rise naturally during pregnancy as a
result of elevating output of placental corticotrophin-releasing
hormone [18,54–56]. The lack of influence of the maternal ner-
vous system in this processmay explain the relative impervious-
ness of cortisol to maternal mood or affect state [51].

Wedonotmean to imply that cortisol and other derivatives of
he HPA axis during pregnancy are unimportant to variation in
etal development, as there is accumulating evidence that the
everse is true. For example, higher levels of maternal cortisol
fter 31 weeks’ gestation have been associated with more ad-
anced physical and neuromuscular neonatal maturation [57]
nd higherMental Development Index scores when infants are 1

ear old [18]. However, cortisol levels earlier in pregnancy t
howed opposite associations with outcomes [18], and higher
ortisol levels late in pregnancy have been linked to a lower
ntelligence quotient later in childhood [58]. Prenatal cortisol
evels also seem to regulate postnatal responsiveness of the HPA
xis [59,60]. Our caution is simply between equating maternal
sychological distress or its appraisal with the assumption that
his translates into measurable effects on prenatal cortisol pro-
uction. Efforts to better understand the nuanced role of the
lacenta, which is of fetal origin, as an interface between HPA
ctivity in the maternal and fetal compartments are promising
21,61].

oward an expanded view of the influence of maternal
sychological factors

Pregnancy is a complex and dynamic condition. Maternal psy-
hological state changes produce a cascade of reactions, including
hanges in bloodflow to theuterus and alterations to the intrauter-
ne sensory environment experienced by the fetus. Given the intri-
ate physiological relationship between the pregnant woman and
he fetus, itwouldbesomewhat surprising ifdynamicaspectsof the
aternal psychological environment did not serve to shape neuro-
evelopment of the fetus andultimately that of the child. However,
ecause there are no direct neural connections between the preg-
ant woman and fetus, the fetus requires transduction of a mater-
al physiological signal from a psychological state to experience it.
ork in our laboratory has focused on identifying whether fetal
eurodevelopmental functioning is proximally affected by mater-
al psychological factors through the use of both observational and
xperimental designs, including experimental induction of both
aternal stress and relaxation.
Fetal neurobehavioral development, which essentially in-

olves measures of level and variability in fetal heart rate, motor
ctivity, and the manner in which they interact over time, re-
ects the developing fetal nervous system in the same way that
eonatal neurobehavioral measures both reflect maturation and
eveal individual differences [62–66]. This methodology has
een implemented by us and others in a developmental terato-
en framework to isolate the effects of maternal substance use
uring the time inwhich these substances are pharmacologically
ctive. Substances observed to alter fetal neurobehavior include
aternal alcohol [67], methadone [68], and cocaine [69]. Studies

hat have extended this model to prenatal stress research have
onsistently indicated that maternal psychological distress ap-
raisal, evaluated using a variety of different questionnaire
ethods, is associated with greater fetal motor activity

43,70,71]. Similarly, women with higher salivary cortisol levels
lso have fetuses that are more active [72]; although, consistent
ith others, we fail to detect significant associations between
aternal distress and cortisol levels (K. Voegtline et al, unpub-

ished data, 2012). Although greater fetalmotor activitymight be
onstrued as an adverse effect ofmaternal distress, in fact, higher
evels of fetal motor activity are significantly predictive of more
ptimalmotor and reflexmaturation in the first fewweeks of life
43] and more advanced motor development at 6 months of age
73]. In addition, fetuses ofwomenwithhigher levels ofmaternal
istress displayed higher levels of fetal heart rate variability and
steeper incline in somatic–cardiac coupling as term ap-

roached [43], both of which are established indicators of neu-
ologic maturation. Thus, to date, our findings can be construed
s facilitative effects of maternal distress on fetal neuromatura-

ion.
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A more effective, but methodologically challenging, way to
valuatewhethermaternal psychological state affects the devel-
ping fetus is tomanipulatematernal state and observewhether
here is a fetal response. Maternal challenge using the Stroop
olor–word task was associated with increased variability in
etal heart rate and suppression of motor activity, with return to
aseline levels at termination of the stressor [74]. We have also
sed maternal viewing of a labor and delivery documentary as a
aternal manipulation; fetuses responded with decreased mo-

or activity and, in contrast to the Stroop intervention, also with
ecreased heart rate variability [75]. Analysis of the fetal re-
ponse to a specific component of the documentary—the first
raphic birth scene—revealed a somewhat different pattern of
esponsiveness. Fetuses of women who had not given birth be-
ore showed a transient increase in motor activity during this
cene. Reactivity and regulation are core constructs of tempera-
ent and important characteristics of child behavior. We have

eported moderate stability over gestation in the degree of both
hematernal physiological response and the degree of fetal reac-
ivity [74] and prediction to response patterns in infancy from
esponse patterns in the fetus [75]. Together these suggest that
aternal reactivity to stressors may serve to entrain the devel-
ping fetal response.
Unexpectedly, we have observed that fetuses respond similarly

oboth inducedmaternal stress and relaxation.Maternal relaxation
nduced through a guided-imagery audiotape generated the ex-
ected reduction in maternal psychological and physiological ten-
ion.The fetal response includeddecreasedheart rateand increased
eart rate variability during the relaxation segment, but attributing
hese to the relaxation procedure itself could not be distinguished
rom simple maternal rest and changes in umbilical blood flow.
owever, aswithboth stress interventions, fetalmotor activitywas
uppressed during themanipulation but recovered after the relax-
tion protocol concluded [76].
We have been fairly unsuccessful in determining the mecha-

isms through which maternal manipulations are transmitted to
he fetus. The rapidity of the onset of fetal responsiveness tomater-
al physiological alterations exceeds the temporal response curve
f products of the HPA axis. Efforts to link specific changes in con-
urrentlymeasuredmaternalphysiological indicatorsofautonomic
esponsiveness (e.g., electrodermal activity, heart rate) to commen-
urate changes in fetal variables have been minimally successful.
nstead, our interpretationof these and relatedfindingshas focused
n fetal detection of and response to changes in the intrauterine
ilieu inspired by the manipulation. Fetal heart rate responses
ave been observed within seconds of disruptions of the maternal
nvironment in the investigations of the development of fetal sen-
ory capacities includingmaternal postural changes [77] and audi-
ory stimuli, [78] and it is clear that sounds generated by maternal
asculature and the digestive tract are prominent in the uterine
uditory environment [79]. Specifically,we suspect that at least the
nitiation, if not the maintenance, of the fetal response to some
aternal manipulations may be mediated by fetal perceptual de-

ection of changes in the intrauterine milieu. The possibility of a
ensory-oriented fetal response tomaternal stressors has also been
ffered previously in nonhuman primatemodels [80]. It is possible
hat after a certain point in gestation, when the fetal brain is suffi-
iently mature, any maternal manipulation elicits an acute phasic
esponse that includes a rapid sensory-mediated component as the
etus detects a change, followed by a more tonic secondary re-
ponsewithmore complex neuroendocrine, autonomic, or vasodi-

atorymaternal input thatmayaccount formore chronic activation. i
biphasic fetal response could also serve to reconcile the observed
ssociation between higher levels of fetal motor activity and psy-
hological distress, as described in the previous section, with the
ransient suppression of fetal motor activity observed in response
o acute maternal state changes. Such observations suggest that
omen who express greater psychological lability, including

ndicators of distress, provide more varied—and perhaps more
timulating—intrauterine environments to the fetus with im-
lications for the developing fetal brain.
A number of studies have documented blunted autonomic or

euroendocrine responsiveness in pregnancy to stressful manipu-
ations [81,82], including the Stroop task [83]. Although it has been
uggested that the adaptational significance of this phenomenon is
irectedatbufferingagainstpotentiallydeleteriouseffectsof stress,
regnant women also exhibit blunted responsiveness to induced
elaxation [84]. As such, it may be more accurate to suggest that
aternal physiological adaptation during pregnancy is geared to-
ard conserving the homeostasis of the intrauterine milieu, per-
aps in service of energy conservation.
Although the discussion so far has been limited to a unidirec-

ional relationship from pregnant woman to fetus, the fetus is an
ctive contributor to its own epigenesis within the uterine envi-
onment [85]. Previously, we demonstrated in two economically
nd ethnically diverse samples (in Lima, Peru, and Baltimore,
D), measured longitudinally from the 20th to the 38th week of
estation, that spontaneous fetalmotor activity transiently stim-
lates maternal sympathetic arousal [86]. These findings were
ased on time-series analyses of contemporaneous maternal–
etal recordings during undisturbed periods of maternal rest
uring which time fetal movements were observed to generate
n increase in maternal heart rate and electrodermal activity
ithin 2–3 seconds after the spontaneous fetal movement. Re-
ently, we have demonstrated the same phenomenon using an
xperimentalmodel inwhich a fetalmotor responsewas elicited
y an external stimulus and generated a maternal physiological
esponse consistent with an orienting response (J. DiPietro et al,
npublished data, 2012). Despite the ubiquity of the stimulus
i.e., fetuses move, on average, about once per minute in preg-
ancy), the indication is that women do not physiologically ha-
ituate or becomedesensitized to fetalmovements. Althoughwe
ave speculated that such fetal signaling prepares pregnant
omen for infant caretaking, we include it here as a reminder
hat the maternal–fetal interface is bidirectional with largely
nknown repercussions. Could, for example, natural variation in
evels of fetal motor activity generate variation in feelings of
sychological stress in pregnant women?

oncluding reflections

The existing literature on whether and how maternal psycho-
ogical stress duringpregnancy affects thedeveloping fetal brain, as
easuredby indicators of developmental functioningduring child-
ood, is subject to a number of interpretative cautions in establish-
ng causality. In part, these are no different from establishing cau-
ality between any prenatal exposure and postnatal outcome in
hich the exposures cannot be randomized across individuals.
owever, design features that are particular challenges to this line
f research include the influence of prenatal distress characteristics
n postnatal parenting practices; difficulty in distinguishing prena-
al stress from more ubiquitous aspects of maternal psychological
unctioning; confounding between aspects of maternal psycholog-

cal factors under study with maternal report or infant outcome;
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and the potential of shared genetic contribution to both prenatal
and postnatal variables.

Wewonderwhether the conceptualization ofmaternal stress
originally as a developmental teratogen, and subsequently
within a programming framework originally used to examine
the role of prenatal undernutrition on adult metabolic disorders
[87], may have canalized research toward a search for adverse
outcomes in lieu of a broader perspective on the interplay be-
tween thematernal environment and the developing fetal brain.
There is long-standing theoretical and empirical support for an
inverted U-shaped association between stress and performance,
as described by Yerkes andDodsonmore than a century ago [88],
consistent with the current view that the human brain requires
sufficient, but not overwhelming, stress to promote optimal neu-
ral development both before [89] and after birth [90]. This per-
spective is consistent with the model of the role of early postna-
tal stress in the promotion of developmental adaptation as
reflected by arousal regulation and resilience stress in nonhu-
man primates [91]. This has implications for data analysis, as it
suggests nonlinear associations, which can be obscured by stan-
dard analytical techniques. Among the most provocative recent
reports of a nonlinear relation betweenmaternal distress (in this
case, depressive symptoms) and infant development is a finding
that individuals exposed tomaternal depression both before and
after birth showed comparable developmental outcome with
those exposed at neither time but better outcomes than those
exposed only at either time [92]. These findingswere interpreted
within a predictive adaptive response framework and highlight
the value of novel constructions of data.

The inverted U model also has implications for sample selec-
tion to the extent that maternal distress is differentially present.
Our own research findings showing increased maternal distress
to be facilitative to both prenatal and postnatal development, for
example, are based on samples composed predominantly of
mentally healthy well-educated women who are most likely to
participate as volunteers in longitudinal research. As such, they
may not generalize to populations of disadvantagedwomenwho
face chronic socioeconomic stressors. Similarly, clinically de-
pressed or anxiouswomenmay also experience prenatal distress
beyond the mild-to-moderate range, and there is supportive
evidence that the fetal response to the maternal Stroop stressor
interacts with maternal psychiatric status [93,94].

Ultimate understanding of the influence of maternal psycho-
logical distress during pregnancy on child outcomes is likely to
reveal a complex story. Issues of timing, intensity,mediation, and
population are likely to be paramount. Incorrect attribution of
causal models has consequences for pregnant women [95]. In-
corporating methods of studying the fetus into research on this
topic provides the opportunity to examine the intrauterine mi-
lieu as the developmental niche of the fetus and to better under-
stand mechanisms through which maternal psychological fac-
tors may have implications for development after birth.
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