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Abstract

The pregnancy period represents a unique window of opportunity to identify risks to both the fetus and mother and to deter the intergen-
erational transmission of adversity and mental health problems. Although the maternal–fetal dyad is especially vulnerable to the effects of
stress during pregnancy, less is known about how the dyad is also receptive to salutary, resilience-promoting influences. The present review
adopts life span and intergenerational perspectives to review four key areas of research. The first part describes how pregnancy is a sensitive
period for both the mother and fetus. In the second part, the focus is on antecedents of maternal prenatal risks pertaining to prenatal stress
response systems and mental health. The third part then turns to elucidating how these alterations in prenatal stress physiology and mental
health problems may affect infant and child outcomes. The fourth part underscores how pregnancy is also a time of heightened fetal recep-
tivity to maternal and environmental signals, with profound implications for adaptation. This section also reviews empirical evidence of
promotive and protective factors that buffer the mother and fetus from developmental and adaptational problems and covers a sample
of rigorous evidence-based prenatal interventions that prevent maladaptation in the maternal–fetal dyad before babies are born. Finally,
recommendations elaborate on how to further strengthen understanding of pregnancy as a period of multilevel risk and resilience, enhance
comprehensive prenatal screening, and expand on prenatal interventions to promote maternal–fetal adaptation before birth.
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The prenatal period is a time of rapid development, when a mul-
titude of psychological and physiological changes occur for both
mother and fetus. Thus, pregnancy is a sensitive period when
the dyad is vulnerable to the effects of adversity; however, mothers
and infants also are especially receptive to salutary influences.
Research has found that maternal exposure to adversity prior to
conception (particularly during her childhood) can have transfor-
mative neurobiological and epigenetic effects that may be biolog-
ically embedded and transmitted to the fetus (Swales et al., 2018;
Yehuda & Meaney, 2018). Compared to women without early-life
adversity and mental health problems prior to pregnancy, preg-
nant women with a history of adversity and mental health prob-
lems may experience more risks to their mental health and more
disruptions to their prenatal stress physiology. Therefore, their
offspring may be at higher risk for developmental problems in
the domains of stress regulation, mental health, cognitive develop-
ment, and relationship formation (Sperlich & Seng, 2008; Yehuda
& Meaney, 2018). In contrast, women’s positive early-life experi-
ences from childhood may be a source of strength and resilience
and may have promotive and protective benefits for maternal and
infant outcomes. Prenatal stress, mental health, and maternal

wellbeing during pregnancy may therefore represent an important
link between maternal early-life experiences and maternal and
fetal health.

The present review focuses on the intergenerational transmis-
sion of risk and resilience during the pregnancy period, with a
focus on understanding (a) antecedents of maternal prenatal
mental health problems and stress rooted in maternal lifetime
adversity, and (b) consequences of maternal mental health prob-
lems and stress on offspring outcomes. In this review, prenatal
stress includes perceptions of stress as well as stress physiology,
and mental health problems during pregnancy include depres-
sion, generalized anxiety (hereinafter referred to as anxiety) and
post-traumatic stress disorder (PTSD). We focus on these three
mental health problems because of their common occurrence in
pregnant women, the increasing body of research specifically link-
ing them to alterations in stress physiology during pregnancy, and
the evidence that when these disorders occur during pregnancy,
they are associated with fetal development.

In the United States, compared to non-pregnant women, preg-
nant women may experience twice the rate of depression (up to
20% vs. 10%; Center for Disease Control and Prevention
(CDC), 2019b), and low-income pregnant women may experience
more than three-fold rates of depression (approximately 30% to
50% vs. 10%: Choi & Sikkema, 2016; Narayan et al., 2017).
Although more difficult to distinguish due to normative fears
concerning pregnancy and childbirth, rates of prenatal anxiety
also are higher compared to non-pregnant women (Dunkel
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Schetter & Tanner, 2012). Rates of PTSD, a less-studied prenatal
mental health problem than depression and anxiety but an
especially potent risk for women with childhood adversity, are
also elevated in community samples of pregnant women com-
pared to their non-pregnant counterparts (e.g., approximately
6%–8% compared to 4%–5%; Seng, Rauch, et al., 2010). In lower-
income samples, PTSD symptoms may be clinically elevated in as
many as 18%–29% of pregnant women or more, particularly if
women are high-risk due to childhood adversity and pregnancy
complications (Narayan et al., 2017; Narayan, Atzl, et al., 2019;
Yildiz, Ayers, & Phillips, 2017). Many reasons may account for
heightened rates of mental health problems during pregnancy.
These include factors associated with the pregnancy (e.g., whether
it was planned or wanted), support in the co-parenting relation-
ship (e.g., whether the father of the baby provides support and
wants the pregnancy), demographic and financial circumstances
(e.g. socioeconomic status, access to concrete needs, number of
children already in the family), and other emotional, and cogni-
tive factors that may influence pregnant women’s well-being
(Narayan et al., 2019; Slade, Cohen, Sadler, & Miller, 2009;
Sperlich & Seng, 2008). Physiologically, the massive hormonal
changes that occur normatively during the prenatal period may
also unmask vulnerabilities in both physical (e.g., diabetes, hyper-
tension) and mental (e.g., depression) health.

With a focus on mental health and stress during pregnancy, the
current review synthesizes research that underscores pregnancy as a
transformative opportunity to (a) understand how maternal mental
health and stress lie at the intersection of mothers’ and infants’ well-
being, and (b) harness and leverage resilience process to deter inter-
generational transmission of stress and psychopathology in the next
generation. In addition to a period of vulnerability when maternal
mental health and stress may be exacerbated, pregnancy also is a
window of possibility to nurture better mental health and promote
recovery (Davis, Hankin, Swales, & Hoffman, 2018; Garcia et al.,
2019; Narayan, Rivera, Bernstein, Harris, & Lieberman, 2018).
Many women are motivated by the upcoming birth of a new
child and optimistic for change. Women also typically have more
contact with the medical system during their pregnancies, so
there is greater opportunity for outreach and treatment (Davis
et al., 2018; Narayan et al., 2017; River, Narayan, Galvan et al.,
2019). Finally, empirical evidence points to increased plasticity in
the maternal as well as the fetal brain during the prenatal period
(Davis et al., 2019; Glynn, 2010, 2012; Glynn, Davis, Sandman, &
Goldberg, 2016). For these reasons, understanding the antecedents
and consequences of maternal mental health and stress during the
prenatal period and applying life span and intergenerational per-
spectives are important for identifying opportunities for prevention
and intervention to promote resilience.

This review is structured in four parts. The first section will
provide an overview of the prenatal period as a sensitive period
of development for both the fetus and the mother. The second
section will focus on experiences of adversity that may be anteced-
ents of maternal stress and mental health problems during the
prenatal period. The scope of adversity includes childhood adver-
sity, such as maltreatment and broader adverse childhood experi-
ences (ACEs), which, in addition to maltreatment, include
exposure to family/household dysfunction (i.e., parental divorce/
separation, domestic violence, substance use, mental illness, and
incarceration; CDC, 2019a; Felitti et al., 1998); and adulthood
adversity, such as adulthood life stressors, and intimate partner
violence (IPV) or other relationship conflict. The third section
of the review will focus on prenatal maternal stress and mental

health in relation to offspring development. The fourth section
will focus on adaptation and resilience during the pregnancy
period. Here, we present evidence that because maternal stress
and mental health problems during pregnancy are strongly asso-
ciated with fetal development, the signals that the fetus receives in
the prenatal environment may promote adaptation to the postna-
tal world and also may be beneficial for development, growth, and
survival. Finally, we discuss research and translational efforts to
identify and promote resilience during the pregnancy period,
arguing that pregnancy is a prime opportunity for prevention
and intervention efforts designed to benefit maternal mental
health and promote fetal infant development and wellbeing.

Pregnancy as a Sensitive Period for the Fetus and Mother:
Biological Changes

Fetal development

The pace of fetal development far exceeds development during any
other period of the life span. The dramatic transformation from a
single-celled zygote to a newborn involves the formation and mat-
uration of all major organ systems. The carefully orchestrated series
of events that underlie the development of the brain are particularly
complex. Brain development begins during gestation and continues
into the postnatal period (Gilmore, Knickmeyer, & Gao, 2018). The
pace of fetal brain maturation is particularly rapid. Neurogenesis
commences as early as 42 days after conception (Stiles &
Jernigan, 2010) and by the end of the second trimester, 200 billion
neurons have been produced (Bourgeois, 1997). Cells migrate to
their final destination where they begin to arborize and form den-
dritic branches (Sidman & Rakic, 1973). Synaptogenesis is present
as early as the 16th gestational week, indicating communication
between neurons (Bourgeois, Goldman-Rakic, & Rakic, 1994;
Kostović, Judas, Rados, & Hrabac, 2002).

Although genetic factors clearly play a central role in these
maturational processes, it has become increasingly clear that envi-
ronmental factors, including fetal experiences and exposures in
utero, also play a critical role in shaping these developmental pro-
cesses. The prenatal period is a sensitive period when the fetus is
particularly susceptible to environmental influences. Experiences
during the prenatal period are critical for normative processes
from the closing of the neural tube to development of circuits
involved in sensory processing (Burton, Hempstock, &
Jauniaux, 2001; Godfrey & Barker, 2001; Moon & Fifer, 2000).
The developing fetal brain additionally is particularly susceptible
to harm from teratogenic factors such as toxins, infection, mater-
nal stress including prenatal mental health problems, and other
environmental exposures (Davis, Head, Buss, & Sandman 2017;
Davis et al., 2019; Kim et al., 2017; Madigan et al., 2018). Less
considered is the likelihood that the fetal period is also a window
of opportunity when salutary experiences may exert beneficial
influences. Understanding the influence of prenatal experiences,
both adverse and salutary, on fetal brain development is critical
because it then allows us to investigate individual differences in
infants’ emotional and cognitive development and their subse-
quent vulnerability and resilience to mental health problems.

Maternal development

Women also undergo many changes during pregnancy. Vast
physiological changes support fetal growth and development
but also change the maternal brain in preparation for mother-
hood. During gestation, maternal physiology undergoes massive

1626 E.P. Davis and A.J. Narayan

https://doi.org/10.1017/S0954579420001121 Published online by Cambridge University Press

https://doi.org/10.1017/S0954579420001121


changes including transformations in stress physiology and
immune function, both of which likely have implications for the
maternal brain (Howland, Sandman, & Glynn, 2017; Noroña,
Doom, Davis, & Gunnar, 2020). For the mother, the hormonal
changes of pregnancy are perhaps more dramatic than any
other phase of the life span. A robust non-human animal litera-
ture documents that the experience of pregnancy is associated
with neurological changes in the mother that persist throughout
her life span (see Glynn et al., 2018 for review). The hormone
changes associated with gestation are linked to changes in neuro-
nal structure, signaling, and neurogenesis (Keyser-Marcus et al.,
2001; Shingo et al., 2003). Further, normative increases in
pregnancy-related hormones (e.g., estrogen) not only predict
maternal behavior, but experimental administration of them
also elicits the onset of maternal behavior in virgin animals
(Fahrbach & Pfaff, 1986; Numan, 2006; Numan, Rosenblatt, &
Komisaruk, 1977). The impact of pregnancy on the female goes
beyond behaviors and neural circuits directly linked to mothering.
The experience of gestation also is linked to consistent alterations
in both physiological and psychological stress responses.

The hypothalamic–pituitary–adrenocortical (HPA) axis
undergoes profound changes during the prenatal period. The
HPA axis is one of the major stress responsive systems and
plays a central role in maintaining homeostasis. During the prena-
tal period the HPA axis plays a key role in regulation of fetal mat-
uration and timing of delivery and directly impacts the maternal
brain (Howland et al., 2017; Smith, Mesiano, & McGrath, 2002).
In response to stress signals, corticotropin releasing hormone
(CRH) is released from the hypothalamus. CRH binds to
receptors in the pituitary leading to the production of proopiome-
lanocortin (POMC) which is cleaved by enzymes into adrenocor-
ticotrophic hormone (ACTH) and other bioactive peptides.
ACTH is released into the bloodstream and stimulates secretion
of the glucocorticoid, cortisol, from the adrenal cortex. This sys-
tem is regulated by a negative feedback loop whereby the release
of cortisol feeds back to the hypothalamus and pituitary decreas-
ing the production of CRH and ACTH. This cascade of hormones
mobilizes resources to cope with stress and maintain homeostasis.
During pregnancy the development of the placenta transforms the
regulation of this system. The placenta, a fetal organ, produces
hormones including CRH in both the maternal and fetal systems
(King, Nicholson, & Smith, 2001). The CRH produced from the
placenta is identical in structure and bioactivity to CRH produced
from the hypothalamus (Goland, 1988). However, in contrast to
the negative feedback at the level of the hypothalamus, cortisol
stimulates the production of CRH from the placenta, similar to
the role of cortisol in the amygdala (Robinson, Emanuel, Frim,
& Majzoub, 1988). Therefore, during pregnancy, there is a posi-
tive feedback loop whereby both maternal and fetal cortisol stim-
ulate an increase in the production of CRH from the placenta
(Sandman et al., 2006; Waffarn & Davis, 2012). This HPA and
placental axis represents a pathway by which environmental sig-
nals may be transmitted to the fetus and thus, shape its develop-
mental course. During pregnancy, the maternal pituitary gland
doubles in size, and cortisol levels increase 3- to 5-fold over ges-
tation, achieving levels typically only seen in Cushing’s disease
(Mastorakos & Ilias, 2003; Sandman et al., 2006). Placental
CRH production in the maternal circulation increases 40-fold
from the end of the first trimester to term (Sandman et al.,
2006; Sandman, Glynn, & Davis, 2015).

These massive changes in maternal HPA axis functioning dur-
ing the prenatal period are normative and support maturation of

the fetus as well as timing of parturition, but also may affect
maternal mental health during the perinatal period (Glynn,
2010). During pregnancy, the HPA axis response to a variety of
different stressors diminishes (de Weerth & Buitelaar, 2005).
Further and in parallel to physiological changes, pregnant
women also exhibit reduced psychological responses to stress
(Glynn, Wadhwa, Dunkel Schetter, & Sandman, 2001,
2004).These normative responses are likely adaptive and may pro-
vide some protection to the mother–fetal dyad during pregnancy.
However, elevated exposure to stressors, especially early in gesta-
tion, increase risk for preterm birth (Glynn et al., 2001).
Moreover, women who do not show the normative decrease in
physiological and psychological stress responding during preg-
nancy are at increased risk for preterm delivery (Buss,
Entringer, et al., 2009; Glynn, Dunkel Schetter, Hobel, &
Sandman, 2008). The endocrine profile in pregnancy also may
impact maternal sensitivity to stressors, thereby contributing to
vulnerability to mental health problems during the perinatal
period (Glynn, Davis, & Sandman, 2013). Prenatal stress exposure
additionally increases risk for development of maternal anxiety
and mood disorders (Slattery & Hillerer, 2016). Prenatal hormone
trajectories of the HPA and placental axis have been proposed to
be one of the risk indicators for the development of postpartum
depression (Glynn et al., 2013; Glynn & Sandman, 2014; Yim
et al., 2009, 2010). This evidence suggests that prenatal maternal
stress physiology and mental health problems during pregnancy
are closely interrelated, with stress physiology potentially affecting
the emergence of mental health problems, and pre-conception
and prenatal mental health problems affecting stress physiology.
For instance, elevated maternal PTSD symptoms during preg-
nancy affect cortisol concentrations during pregnancy (Seng,
Low, Ben-Ami, & Liberzon, 2010). Therefore, mental health prob-
lems and stress physiology during pregnancy likely have bidirec-
tional, transactional effects on maternal well-being during
pregnancy, as well as fetal well-being, and labor, delivery, and
infant outcomes.

Adversity Antecedents of Prenatal Maternal Stress and
Mental Health Problems

Adversity and prenatal maternal stress physiology

During pregnancy, many women reference their childhood expe-
riences, both negative and positive, in considering how they want
to care for their new baby. Negative childhood experiences, such
as maltreatment and other forms of interpersonal trauma, can
have enduring effects on maternal mental health problems during
pregnancy and on multiple aspects of individual and maternal–
fetal stress physiology. Thus, the pregnancy period may be a par-
ticularly sensitive time for women, when prior history of adversity
and unresolved trauma may render pregnant women vulnerable
to re-emergence of mental health problems and stress (Slade &
Cohen, 1996; Sperlich & Seng, 2008). Given the plasticity of the
mother and her fetus during the prenatal period, the effects of
early-life adversity may be amplified with implications for mater-
nal and child development (Yehuda & Meaney, 2018).

Childhood adversity may contribute to maladaptive alterations
in stress physiology during pregnancy, such as greater maternal
HPA axis dysregulation evidenced by both elevated and sup-
pressed concentrations of cortisol during pregnancy (Bowers &
Yehuda, 2016; Schreier, Enlow, Ritz, Gennings, & Wright, 2015;
Swales et al., 2018). Maternal report of childhood maltreatment
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is linked to elevations in hair cortisol concentrations during preg-
nancy (Schreier et al., 2015) and has been found to amplify the
impact of women’s more proximal exposure to adulthood trau-
matic events prior to pregnancy on prenatal hair cortisol concen-
trations (Swales et al., 2018). Further, childhood maltreatment
also is associated with alterations in placental–fetal stress physiol-
ogy, including significantly steeper increases in placental CRH
across gestation (Buss et al., 2017; Moog et al., 2018). These stud-
ies point to pathways by which maternal childhood adversity may
directly affect fetal stress exposure and transmit
higher-than-typical cortisol and placental CRH levels. The
dynamic changes in maternal physiology during this period and
the responsivity to stress signals suggests a pathway by which
childhood adversity may alter maternal prenatal stress regulation
and reactivity, and such dysregulation of stress physiology may, in
turn, affect maternal–fetal stress transmission.

Both hypercortisolism and hypocortisolism during pregnancy
are associated with negative consequences for maternal and fetal
well-being (Bowers & Yehuda, 2020; Davis et al., 2017; Davis &
Sandman, 2010; Yehuda & Meaney, 2018). Depending on the
nature, severity, and chronicity of the childhood adversity expo-
sure, some pregnant women who were chronically maltreated
may show hypocortisolism, a pattern observed in non-pregnant,
chronically maltreated individuals (Gunnar & Quevedo, 2007;
Yehuda et al., 2010). This downregulation of cortisol secretion
is believed to be a response to chronic elevations in cortisol and
serves to protect against wear and tear on the regulatory and
inflammatory systems. Downregulation of cortisol secretion, how-
ever, may increase risk that subsequent adversity will not be met
with an effective stress response and may render individuals more
susceptible to mental health problems, such as PTSD (Bowers &
Yehuda, 2016; Pratchett & Yehuda, 2011). Non-pregnant individ-
uals with childhood adversity and PTSD may show blunted cor-
tisol patterns, but it is unclear if these patterns preceded the
emergence of PTSD, thereby increasing risk for it, are a direct
consequence of PTSD, or are an indirect consequence from
chronic or severe childhood adversity (Pratchett & Yehuda, 2011).

Key in the pathway between maternal childhood and adult-
hood adversity prior to pregnancy and alterations in maternal
stress physiology during pregnancy are ongoing maternal mental
health problems stemming from adversity. In actuality, many
studies linking maternal childhood and adulthood adversity to
disruptions in stress physiology do not consider the preceding
and often ongoing role of mental health problems during preg-
nancy, which may affect and be affected by altered stress physiol-
ogy (Evans, Myers, & Monk, 2008; Yehuda & Meaney, 2018).
More research is needed in this area. Regardless, the dramatic
multilevel changes during pregnancy increase the likelihood that
the physiological consequences of early and cumulative adversity
may be amplified during pregnancy, thereby impacting both the
mother and fetus.

Adversity and prenatal maternal mental health problems

From a psychological standpoint, during pregnancy, women
reflect back on their childhood as they consider the type of care-
giving they had, and the type of parent they want to be. For
women with histories of childhood adversity, such as maltreat-
ment and other interpersonal trauma in their families of origin,
the pregnancy period can be a time when women are haunted
by unresolved traumatic experiences (Lieberman, Díaz, & Van
Horn, 2009; Narayan, Oliver Bucio, et al., 2016; Slade et al.,

2009). Physical changes and physiological sensations associated
with pregnancy, such as experiencing abdominal growth, the
fetus kicking, and other aches and pains, can invoke reminders
of past abuse and loss of control over one’s body at the hands
of the abuser. Some women with histories of maltreatment may
experience the growing fetus as a bodily invasion that is out of
their control because it reminds them of the powerlessness of
being victimized (Sperlich & Seng, 2008). Adulthood adversity,
such as stressful and traumatic life events in adulthood, including
IPV, can also amplify consequences of childhood adversity and
mental health problems.

Maternal experience of childhood adversity
As women prepare to become mothers, adverse experiences with
their childhood caregivers may once again become especially
salient and harmful. Childhood adversity more broadly, and
childhood maltreatment more specifically, is associated with ele-
vated maternal mental health problems during pregnancy, such
as elevated depression, anxiety, and PTSD symptoms (Choi &
Sikkema, 2016; Racine, Zumwalt, McDonald, Tough, &
Madigan, 2019; Seng, 2002). A few recent studies have illuminated
that specific types of childhood adversity may uniquely affect spe-
cific types of maternal mental health problems during pregnancy.
For instance, retrospective report of both family dysfunction and
physical and emotional abuse, but not sexual abuse, was associ-
ated with psychosocial difficulties, including depression, anxiety,
perceived stress, and other social risks, during pregnancy
(Racine, Madigan, et al., 2018). Of note, however, this study did
not assess PTSD during pregnancy, which is a well-established
consequence of childhood sexual abuse (Sperlich & Seng, 2008).
Another recent study found that a history of childhood maltreat-
ment was associated with depression and PTSD symptoms during
pregnancy, but exposure to childhood family or household dys-
function was not. In addition, childhood maltreatment that was
specifically reported to begin in early childhood (ages 0–5), rather
than later in childhood, was associated with maternal prenatal
PTSD symptoms, but not with maternal prenatal depression
symptoms (Atzl, Narayan, et al., 2019). Taken together, these
findings indicate that both type and timing of childhood adversity
are important to consider for specific mental health outcomes
during pregnancy.

Maternal experience of adversity in adulthood and cumulative
lifetime adversity
Exposure to stressful life events and negative circumstances in
adulthood before conception, as well as during pregnancy, may
also exacerbate prenatal maternal mental health problems.
Stressful life events including interpersonal trauma (e.g., physical
and sexual assaults) but also those pertaining to homelessness,
incarceration, and severe poverty during pregnancy are associated
with higher levels of both depression and PTSD symptoms during
pregnancy (Narayan et al., 2018). Women’s experiences of violent
trauma, such as witnessing or experiencing physical or sexual
assault from a romantic partner or stranger before or during preg-
nancy were also robustly related to PTSD symptoms during preg-
nancy (Harris-Britt, Martin, Li, Casanueva, & Kupper, 2004).
Studies also specifically point to the relationship dysfunction
with the father of the baby as a particularly influential form of
adulthood adversity for mental health during pregnancy.

Romantic relationship conflict and IPV can take multiple
forms (e.g., physical, sexual, and psychological), and can become
a complicated risk factor for pregnant women. For instance, for
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some women, the pregnancy period may represent a time of
decreased risk for IPV victimization because the woman and
fetus are viewed a more fragile. For other women, however, it
might represent a period of increased risk, especially if the preg-
nancy is unplanned or the perpetrator questions the paternity
(Chambliss, 2008; Jasinski, 2004; Narayan, Hagan, Cohodes,
Rivera, & Lieberman, 2016). In terms of specificity of adversity
and prenatal mental health problems, studies have linked physical
and psychological IPV victimization during pregnancy to wom-
en’s heighted levels of prenatal depression (Flanagan, Gordon,
Moore, & Stuart, 2015).

IPV victimization is more common among women who expe-
rienced childhood maltreatment and is another factor affecting
PTSD during pregnancy (Pratchett & Yehuda, 2011; Seng,
2002). One study found that a history of childhood maltreatment
was associated with increased rates of IPV victimization during
pregnancy, and both childhood maltreatment and IPV were inde-
pendently associated with prenatal PTSD symptoms. Moreover,
psychological IPV victimization, as opposed to physical or sexual
IPV victimization, was most strongly associated with PTSD symp-
toms during pregnancy (Huth-Bocks, Krause, Ahlfs-Dunn,
Gallagher, & Scott, 2013), again illustrating the importance of
considering specificity in the type of risk in addition to the cumu-
lative nature of childhood and adulthood risks. Moreover,
relationship-based adversity may reflect victimization that has
accumulated from childhood. For instance, higher levels of rela-
tionship conflict with and lower levels of support from the
baby’s father partially mediated the link between childhood mal-
treatment and both depression symptoms and PTSD symptoms
during pregnancy (River, Narayan, Atzl, Rivera, & Lieberman,
2019). These latter findings emphasize the enduring role that
childhood adversity likely has on prenatal maternal mental health
problems. Although many of the above studies relied on retro-
spective report of childhood experiences, they suggest that it is
critical to consider life span experiences of pregnant women,
beginning in childhood in order to understand intergenerational
transmission of mental health problems through the prenatal
period.

The above evidence elucidates several potential life span
pathways of risk characterized by cumulative adversity, the
emergence of mental health problems, and alterations in stress
physiology. Specifically, maternal history of childhood adversity
may portend risk for subsequent exposure to adversity or revic-
timization, either before or during the pregnancy period, or
both. Moreover, both childhood adversity and adulthood adver-
sity likely affect mental health problems during pregnancy
(Narayan et al., 2016; Pratchett & Yehuda, 2011; Sperlich &
Seng, 2008). In addition, although more research is needed,
maternal exposure to adversity affects both maternal mental
health problems and stress physiology during pregnancy,
which in turn have bidirectional effects (Evans et al., 2008;
Seng, 2002). Together, these complicated pathways pose risks
into the postpartum period in the domains of postnatal maternal
mental health, infant stress regulation and responsivity, and
maternal–infant bonding.

Fetal Programming: Maternal Prenatal Stress Predicts Child
Mental Health Problems

Maternal stress and mental health problems during the prenatal
period, as discussed in the second section, likely exert profound
consequences on the developing fetus as well as on the mother.

The Fetal Programming or Developmental Origins of Health
and Disease (DOHaD) hypothesis posits that during sensitive
Windows of fetal development, the environment can exert lasting
influences on health and well-being across the life span (Barker,
1998). This hypothesis was generated largely based on studies
of in-utero nutritional deprivation (Barker, 2002; Gluckman &
Hanson, 2004). Broadly, these studies indicate that the fetus
adapts its developmental course in response to prenatal signals
to prepare for survival in the postnatal world. Such adaptations,
however, may have a long-term cost for morbidity and mortality.
Prenatal adversity is linked to reduced fetal growth and small size
at birth. Furthermore, numerous epidemiological and observa-
tional studies demonstrate that small size at birth is predictive
of a range of physical and mental health outcomes throughout
the life span (Barker, Eriksson, Forsen, & Osmond, 2002; Davis,
Buss, et al., 2011; Kim et al., 2014). It is unlikely that small size
at birth is the causal risk factor; rather, it is a marker of perturba-
tions during the prenatal period that represent the origin of the
vulnerability. These studies provide evidence that the prenatal
period is a sensitive window when the fetus is particularly suscep-
tible to environmental insults. In the sections that follow, we focus
on prenatal maternal stress and mental health problems as types
of prenatal adversity that impact both birth outcomes and trajec-
tories of offspring physical and mental health. As there are many
excellent reviews linking prenatal maternal psychological distress
to infant, child and adolescent outcomes (Davis et al., 2018; de
Weerth, 2018; Madigan et al., 2018; Robinson, Lahti-Pulkkinen,
Heinonen, Reynolds, & Raikkonen, 2019; Sandman, Davis, Buss,
& Glynn, 2011), we only briefly overview the links between prenatal
maternal mental health and child outcomes here. We then discuss
these links within the framework of adaptation and resilience.

Prenatal maternal stress and mental health, and child
outcomes

Prenatal maternal stress and mental health problems are associ-
ated with persisting consequences for both the mother and her
offspring (Barker, Jaffee, Uher, & Maughan, 2011; Buss et al.,
2012; Davis & Pfaff, 2014; Davis & Sandman, 2012; Korhonen,
Luoma, Salmelin, & Tamminen, 2012; O’Donnell, Glover,
Barker, & O’Connor, 2014; Sandman, Buss, Head, & Davis,
2015). Several recent meta-analyses provide strong evidence
that prenatal maternal depression is associated with preterm
birth (Grigoriadis et al., 2013; Grote et al., 2010) and low
birth weight (Grote et al., 2010). Further, maternal prenatal
PTSD may additionally predict negative birth outcomes includ-
ing disrupted growth and shorter gestation/increased risk for
preterm birth (Cook, Ayers, & Horsch, 2018). A recent prospec-
tive study of 4,408 pregnancies found that prenatal PTSD pre-
dicted increased rates of preterm birth. It is widely known that
shortened gestation impacts brain development (e.g., Davis,
Buss, et al., 2011; Kim et al., 2014). Interestingly, fetuses that
go on to be delivered preterm display reduced connectional
integrity as compared to age-matched fetuses who are delivered
at term (Thomason et al., 2017). The detection of connectivity
differences among at-risk fetuses prior to birth suggests that
the fetal brain is susceptible to prenatal influences and that
the long-term developmental consequences of preterm birth
begin in utero.

The link between prenatal maternal stress and mental health
problems on development persists throughout infancy and child-
hood, and likely into adulthood. Most research in this area has
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focused on prenatal maternal stress, anxiety, and depression, with
one of the most well-replicated consequences of these prenatal
maternal mental health problems being increased negative emo-
tionality in offspring. Although shared genes between the mother
and her offspring clearly contribute to shared variance in mental
health, evidence from studies of invitro fertilization or
quasi-experimental natural disaster research suggests that envi-
ronmental factors additionally contribute to the intergenerational
transmission of mental health problems (Glynn et al., 2001; King
& Laplante, 2005; Rice et al., 2009). Prospective longitudinal stud-
ies show that prenatal maternal mental health problems and stress
predict greater negative emotionality and fearful temperament in
the offspring, assessed by both laboratory observation and mater-
nal report (Blair, Glynn, Sandman, & Davis, 2011; Davis et al.,
2004, 2007; Huot, Brennan, Stowe, Plotsky, & Walker, 2004;
Rouse & Goodman, 2014). Further, these links are not fully
accounted for by postnatal exposures, as these associations remain
after covarying for postnatal factors, such as maternal postpartum
mental health.

The link between prenatal maternal mental health problems,
stress, and child negative emotionality persists throughout child-
hood and is associated with the development of children’s inter-
nalizing problems (Davis & Sandman, 2012; Howland, Sandman,
Glynn, Crippen, & Davis, 2016). A recent prospective study with
close to 2,000 mother–child dyads measured maternal stress, anx-
iety, and depression both during pregnancy and postnatally and
showed that prenatal distress predicted child negative emotional-
ity at 3 years and internalizing problems at 5 years after covarying
postnatal maternal mental health (Hentges, Graham, Plamondon,
Tough, & Madigan, 2019). Prenatal maternal stress, anxiety, and
depression also predicted elevated depressive symptoms in adoles-
cence assessed by both maternal report and child self-report
(Davis et al., 2019; O’Donnell et al., 2014). The link between pre-
natal maternal mental health problems and offspring internalizing
psychopathology is also apparent in young adulthood, as docu-
mented in several large cohort studies (Capron et al., 2015;
Pearson et al., 2013; Plant, Pariante, Sharp, & Pawlby, 2015). In
one study, offspring were 3.4 times more likely to have a diag-
nosed depressive disorder at 18–25 years of age after accounting
for postnatal maternal depression and sociodemographic risk fac-
tors (Plant et al., 2015).

Prenatal maternal stress and mental health problems addition-
ally predict child cognitive outcomes. These include associations
with general cognitive function (Davis & Sandman, 2010) and
perhaps more specifically with executive function (Buss, Davis,
et al., 2009; Davis & Sandman, 2010). Findings from two large
cohort studies (Avon Longitudinal Study of Parents and
Children and Generation R) show that prenatal maternal depres-
sion predicted child attentional problems at 3 years of age after
covarying for both postpartum maternal depression and paternal
depression (Van Batenburg-Eddes et al., 2013). Relatedly, prenatal
maternal depression predicted problems with executive function-
ing and attention shifting at 4 years of age (El Marroun et al.,
2017) as well as increased risk for an ADHD diagnosis during
childhood (Clemens et al., 2015). Additional prospective longitu-
dinal studies have linked prenatal maternal anxiety to problems
with attentional control through adolescence (Van den Bergh &
Marcoen, 2004; Van den Bergh et al., 2005). These studies provide
evidence for an association between prenatal maternal depression
and child cognitive function.

Fetal programming of HPA axis development is one of the
most frequently proposed pathways by which maternal stress

and mental health are thought to impact child outcomes.
Prenatal maternal stress, anxiety, and depression are linked to dis-
ruptions in children’s stress responses and circadian HPA axis
functioning from the neonatal period through adolescence
(Davis, Glynn, Waffarn, & Sandman, 2011; Galbally, van
Rossum, Watson, de Kloet, & Lewis, 2019; O’Donnell et al.,
2013; Van den Bergh, Van Calster, Smits, Van Huffel, & Lagae,
2008). For example, maternal stress during the prenatal period
is associated with prolonged neonatal cortisol responses to stress
(Davis, Glynn, et al., 2011) and prenatal maternal depression pre-
dicted heightened cortisol reactivity at 1 year of age (Osborne
et al., 2018).

Fewer studies have evaluated the relation between maternal
PTSD during pregnancy and child outcomes (Cook et al., 2018;
Seng, Low, Sperlich, Ronis, & Liberzon, 2011). However, some
investigators have documented that maternal PTSD during preg-
nancy predicts poorer infant birth outcomes, lower maternal–
infant bonding, and higher levels of infant distress (Seng, 2002;
Seng et al., 2013). Moreover, like depression, maternal PTSD dur-
ing pregnancy also is associated with shorter gestation and lower
infant birth weight (Seng et al., 2011). In terms of associations
with stress physiology, following the 911 attacks, Yehuda et al.
(2005) reported that mothers who developed PTSD had lower sali-
vary cortisol levels, as did their infants. Furthermore, lower levels
of salivary cortisol in infants were subsequently associated with
higher levels of infants’ distress (Brand, Engel, Canfield, &
Yehuda, 2006). In another study, infants born to women who
were pregnant during and then developed PTSD in response to
an earthquake in Wenchuan County of Sichuan Province in
China showed impairments in cognitive development (Cai et al.,
2017). Consistent with observational human data, a mouse
model of prenatal traumatic experiences showed that prenatal
exposure caused an increase in anxiety-like behavior in the off-
spring (Osborne et al., 2018). Although the extant literature pro-
vides compelling evidence that maternal stress, anxiety, and
depression during the prenatal period predict stress regulatory
physiology in offspring and their developmental outcomes,
more attention is needed to the specific the impact of maternal
PTSD during pregnancy on child outcomes, particularly child
cognition.

More studies that adopt a fully intergenerational design and
link maternal and child functioning through factors during the
prenatal period are also needed. For example, maternal childhood
adversity or adulthood adversity prior to pregnancy likely impacts
developmental outcomes in the offspring via prenatal maternal
stress and mental health, yet few studies have directly documented
this possibility. McDonnell and Valentino (2016) found that
maternal self-report of childhood adversity predicted both pre-
natal maternal depression symptoms and poorer infant socioe-
motional functioning, suggesting that prenatal factors may
contribute to the link between maternal adversity and child out-
comes. Further in a sample of 907 dyads, Letourneau et al.
(2019) showed that the relation between maternal ACEs and
child internalizing and externalizing problems was partially
mediated by prenatal maternal anxiety and depression. In
addition, maternal report of ACEs predicted lower levels of
infant adaptive functioning (e.g., motor, communication, and
problem-solving skills) at 12 months via both maternal physical
and mental health problems during the prenatal period
(Racine, Plamondon, et al. 2018). These findings illustrate inter-
generational pathways of risk from women’s experiences to
infants’ development through the pregnancy period.
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Adaptation and Resilience

In addition to a sensitive period of vulnerability, the pregnancy
period is a window to promote adaptation and resilience in moth-
ers and infants. Opportunities to better understand how to deter
intergenerational transmission of risk include (a) identifying how
maternal and environmental signals provide information to the
fetus and program expectations about postnatal conditions that
may promote offspring adaptation, (b) examining how links
between mothers’ adversity and offspring mental health problems
can be ameliorated by promotive and protective factors during
pregnancy, and (c) supporting resilience in pregnant women
through translational prevention and intervention efforts. This
section reviews each of these three areas.

Prenatal maternal stress and offspring adaptation to the
postnatal environment

The links between prenatal maternal stress and fetal development
are typically viewed through the lens of pathology. However, sig-
nals of maternal stress provide information to the fetus about the
quality of the postnatal world that may have an adaptive benefit
for survival in a given postnatal environment. The most well-
documented example of this comes from nutrition. It is widely
known that the prenatal period is a sensitive window when the
fetus responds to nutritional deprivation with the development
of a “thrifty phenotype” that promotes survival in an environment
where food is scarce but is maladaptive and increases risk for met-
abolic disease when food is plentiful (Gluckman, Hanson & Pinal,
2005). These findings highlight the necessity of considering the
larger context, including the postnatal environment, to under-
stand the impact of prenatal stress and maternal mental health,
elucidate their role in the developmental course, and identify
appropriate interventions.

During pregnancy, biological stress signals, such as placental
CRH, also transmit information to the fetus and shape the devel-
opmental course. The metamorphosis of the Western Spadefoot
Toad illustrates the role stress hormones may play as a gesta-
tional signal that reflects the quality of the environment, affect
development, and have implications for survival. This toad has
a fascinating adaptive response to adversity (Denver, 1997).
When its pool of water desiccates rapidly, the tadpole adapts
to this harsh environment by accelerating metamorphosis into
a toad that is able to survive outside of water. However, a conse-
quence of this accelerated developmental trajectory is that the
toad is both smaller and less successful at foraging and repro-
ducing as compared to a toad that had a more optimal environ-
ment allowing for a protracted developmental course. Stress
hormones play a central role in this adaptive process. If CRH
receptors are blocked, the tadpole’s metamorphosis will not be
accelerated in the context of a rapidly evaporating pool of
water, and the tadpole will not survive.

The human fetus similarly incorporates signals from the
maternal host environment into its developmental trajectory.
The stress signal placental CRH is similarly associated with
both shortened gestation and preterm birth in humans as well
as accelerated maturation (Class et al., 2008; Sandman et al.,
2006; Swales et al., 2019), and these alterations may have adaptive
advantages for survival; for example, stressed fetuses tend to have
greater lung maturity when born preterm (Dunkel Schetter, 2009;
Glynn et al., 2008). Like the toad, these adaptations are advanta-
geous if the fetus is born preterm, but also may have long-term

costs (Davis, Glynn, et al., 2011; Stout, Espel, Sandman, Glynn,
& Davis, 2015).

Prenatal adaptations made by the offspring may further impact
postnatal developmental trajectories. Studies have shown that pla-
cental CRH is linked to postnatal growth trajectories. For
instance, elevated placental CRH predicts accelerated increases
in BMI during the first postnatal year (Stout et al., 2015).
Prenatal fetal adaptations additionally may impact behavioral reg-
ulation, as elevated placental CRH in utero have been found to
predict offspring’s increased internalizing problems (Davis et al.,
2005; Howland et al., 2016) and may have persisting conse-
quences for brain development during childhood (Curran,
Sandman, Davis, Glynn, & Baram, 2017; Sandman et al., 2018).
Further, neuroimaging studies indicate that in utero exposure to
adversity is associated with alterations in the functional architec-
ture of the infant brain, most notably in limbic–prefrontal cir-
cuitry that may reflect accelerated maturation. In a study by
Posner et al. (2016), 6-week old infants exposed to prenatal mater-
nal depression demonstrated increased inverse (i.e., increased
negative) resting state functional connectivity between the amyg-
dala and bilateral dorsal prefrontal cortex and ventromedial pre-
frontal cortex. The authors interpret these data as consistent
with the hypothesis of a more mature pattern. However, both
increased and decreased connectivity have been observed in rest-
ing state and depending on the type of task that is used (Gee et al.,
2013). Future research with replication and longitudinal follow-up
is needed to determine whether the observation that prenatal
adversity is associated with resting state functional connectivity
reflects accelerated maturation. However, these data are suggestive
that early experiences shape developmental trajectories in ways
that may be adaptive, but also increase risk for subsequent mental
health problems (Tottenham, 2020).

Moreover, as with nutrition, stress signals in the in-utero envi-
ronment may set expectations for the postnatal world. The degree
of concordance of maternal depression symptoms during preg-
nancy and postpartum predicted cognitive function during
infancy. Specifically, the more consistent the pre- and postnatal
periods, the better infants performed on the Bayley Scale of
Mental Development (Sandman, Davis, & Glynn, 2012).

Reframing our understanding of prenatal signals as informa-
tion that shape the developmental course with potential adaptive
benefits for the offspring highlights the importance of considering
the broader context and the potential that prenatal stress may
have benefits in certain contexts. There is, however, another
implication for this adaptation framework that further highlights
the need for preconception and prenatal prevention and interven-
tion efforts for the mother in order to optimize benefits. The fetal
programing literature provides robust evidence that the prenatal
environment is incorporated into the offspring’s developmental
course and is associated with profound and long-lasting sequelae.
Thus, preconception and prenatal efforts that aim to promote
resilience, by either leveraging existing promotive and protective
factors and resources, or implementing preventive interventions,
are likely to have the greatest positive long-term benefit.

Promotive and protective factors that ameliorate negative
outcomes following maternal adversity, mental health
problems, and stress

It is critical to understand promotive and protective factors either
prior to or during pregnancy that can promote maternal and fetal
resilience and positive postnatal outcomes. Although much of the
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extant literature focuses on risk factors for maternal mental health
problems and stress during pregnancy, studies find, for example,
that a history of positive childhood experiences and better current
social support during pregnancy are associated with better prena-
tal mental health and better child outcomes. For example, a moth-
er’s report of more positive relationships with her parental figures
and the presence of more affection during childhood were associ-
ated with fewer prenatal depression symptoms (Chung, Mathew,
Elo, Coyne, & Culhane, 2008). In another study, pregnant wom-
en’s higher numbers of reported benevolent childhood experi-
ences (BCEs) involving supportive relationships and a positive
and predictable quality of life were associated with fewer mental
health problems and lower exposure to adversity during preg-
nancy (Narayan et al., 2018). These studies suggest that although
less frequently studied, positive early-life experiences also likely
have intergenerational benefits through the prenatal period.
Although many of these studies rely on retrospective reports of
positive childhood which may be impacted by current mental
health and other factors, there is evidence for convergence
between prospective and retrospective reports (e.g., Glynn et al.,
2019). Further, current depression symptoms are only modestly
associated with positive memories from childhood (Narayan,
Ippen, Harris, & Lieberman, 2019). More research is needed to
compare the relative strength of prospectively- versus
retrospectively-assessed positive childhood experiences on well-
being specifically in pregnant women.

In terms of proximal resources, social support during preg-
nancy is strongly associated with women’s prenatal mental health
(Dunkel Schetter, Sagrestano, Feldman, & Killingsworth,
1996; Dunkel Schetter, 2011; Sperlich & Seng, 2008). Studies
that examine both high-income and low-income women across
a range of ethnic groups show that higher perceived effectiveness
of social support from the baby’s father and other counterparts, as
well as greater availability of help in general, is associated with
lower levels of anxiety and depression symptoms during preg-
nancy (Dunkel Schetter, 2011; River, Narayan, Atzl, Rivera, &
Lieberman, 2020; Séguin, Potvin, Denis, & Loiselle, 1995).
Furthermore, studies that have covaried for women’s histories of
childhood adversity and current stressful life events continue to
find that the presence of high-quality social support is associated
with benefits for women’s prenatal mental health (Racine et al.,
2019; Séguin et al., 1995). Acknowledging the likely bidirectional
nature of the association, in that women with better mental health
may both experience and report better social relationships, it is
important to note that high social support is one of the most
robust correlates of better maternal mental health and more opti-
mal birth outcomes.

The benefits of social support to pregnant women also extend
to more positive infant outcomes. For instance, higher levels of
perceived social support from the babies’ fathers predicted more
positive postnatal Maternal×Infant interactions through lower lev-
els of maternal prenatal depression symptoms. Higher levels of
social support also predicted infants’ more effective cortisol reac-
tivity following a stressor partially mediated by both lower levels
of prenatal depression and more positive Mother×Infant interac-
tions (Thomas, Letourneau, Bryce, Campbell, & Giesbrecht,
2017). Another study found that when levels of maternal depres-
sion symptoms were lower or levels of general maternal prenatal
social support (not specifically from the father of the baby)
were higher, the associations between infants’ negative tempera-
ment and their cortisol levels were attenuated, suggesting protec-
tive effects of both better prenatal mental health and greater social

support (Luecken, MacKinnon, Jewell, Crnic, & Gonzales, 2015).
These studies together point to the potential of social support to
help promote and buffer postnatal adaptation in the infant and
the mother–infant relationship, in conjunction with the addi-
tional positive effect that higher social support likely also has
on alleviating prenatal depression symptoms. Few studies have
examined whether social support may help to ameliorate effects
of maternal prenatal PTSD on postnatal adaptation, but this is
a viable area of future inquiry.

An additional consideration is that the nuances of social sup-
port and its benefits may be complicated to measure during preg-
nancy, particularly for women with lifelong and cumulative risks.
For instance, pregnant women who have been maltreated as chil-
dren often confront painful decisions about whether and to what
extent they may draw from support from previously abusive care-
givers when caring for their new babies (Sperlich & Seng, 2008).
Relying less on social support from previously maltreating care-
givers is associated with a reduction in the risk of childhood mal-
treatment when babies were born, even among women who
continued to have elevated depression (Easterbrooks,
Chaudhuri, Bartlett, & Copeman, 2011). Thus, in this case resil-
ience may be enhanced by reducing contact with sources of child-
hood adversity. Furthermore, women’s reports of the support they
currently receive from their partner during pregnancy may be
influenced by idealized views of the support they hope to receive
when the baby is born. One study found that women actually had
poorer mental health and higher levels of stress during pregnancy
if they self-reported high levels of support from partners but were
rated by trained coders to actually have low levels of support
based on their open-ended descriptions of partners (River,
Narayan, Atzl et al., 2019). These findings indicate that self-
reports of social support, the most common strategy of assess-
ment, are likely impacted by other factors including pregnancy
related experiences and maternal mental health. Additional
research is needed to assess pregnant women’s social support
from various counterparts using a variety of methodologies
beyond self-report.

More research also is needed to identify broader promotive
and protective factors that buffer against the intergenerational
transmission of mental health problems and stress from mothers
to babies. Given the enduring effects of childhood experiences,
this may be particularly important in pregnant women with his-
tories of childhood adversity. For instance, a recent review identi-
fied only 18 published studies on research that supported or
promoted health, well-being, and resilience in pregnant women
with childhood adversity, with fewer than a dozen of these specif-
ically focused on factors that buffer against effects of maternal
childhood adversity on prenatal mental health problems (Atzl,
Grande, Davis, & Narayan, 2019). This review found that social
support was the most widely studied resource for pregnant
women with childhood adversity; however, the total number of
studies on social support were still surprisingly few. This dearth
of research points to an underdeveloped literature on perinatal
promotive and protective factors in contexts of adversity.

Translational efforts and interventions for prenatal mental
health and stress

Targeted clinical efforts, such as preventive interventions, are
needed to address and reduce pregnant women’s mental health
and stress. Prenatal care represents an opportunity to reach and
to provide support and intervention for pregnant women.
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Although screening for perinatal depression and anxiety is now
becoming the standard of care (American College of
Obstetricians and Gynecologists (ACOG), 2018), routine prenatal
screening is often not sufficient. Moreover, neither symptoms of
prenatal PTSD nor exposure to childhood adversity are regularly
screened prenatally.

Research shows that routine prenatal care may also be fraught
with barriers, especially for women with high levels of mental
health problems and stress, low-income women, and women
from racial and ethnic minority groups (Narayan et al., 2017;
Sperlich & Seng, 2008; River, Narayan, Galvan et al., 2019).
Evidence suggests that only a minority of clinically depressed
women (18%) (Marcus, 2009) seek treatment during the prenatal
and postpartum periods. Even when women receive appropriate
referrals for mental health treatment from their providers, depres-
sion and PTSD symptoms can continue to interfere with the abil-
ity to connect with and maintain adequate healthcare alliances
and interpersonal support during pregnancy (Seng, 2002).
Another study showed that one third of pregnant women with
clinical levels of depression and PTSD symptoms in their second
or third trimester of pregnancy declined referrals for mental
health services during pregnancy (Narayan et al., 2017). An
additional set of barriers pertain to childhood adversity.
Many pregnant women with unresolved trauma histories and
resulting untreated mental health problems report feeling
pressure to suppress their own needs and focus on their babies
during pregnancy (Narayan et al., 2017; River, Narayan, Galvan
et al., 2019; Sperlich & Seng, 2008). Because current routine
screening does not typically include assessment of childhood
adversity, women with trauma histories may be even less recog-
nized as needing support.

The prenatal period represents a key opportunity to reach such
underserved, high-risk populations of women with more
formalized and targeted translational efforts. Many women do
have both increased motivation and increased contact with the
medical system during the prenatal period (Sperlich & Seng,
2008). We briefly review a sample of intervention efforts that
are designed to address prenatal mental health problems and
sources of adversity stemming from childhood trauma and lack
of support within the romantic or co-parenting relationship.

One recent approach combines basic research with therapeutic
assessment during pregnancy to represent a “foot-in-the-door”
technique to connect women to services. A series of studies con-
ducted with low-income and racially and ethnically diverse preg-
nant women in San Francisco and Denver revealed that pregnant
women appreciate participating in focused clinical research study
that assesses childhood adversity and mental health problems in
conjunction with positive childhood experiences and ongoing
support. This clinical research endeavor blended assessment of
risks and resources to leverage existing protective factors and
start a conversation about additional services and programs that
may meet the needs of pregnant women. Pregnant women
involved in these studies reported appreciating the opportunity
to identify and process painful experiences of adversity that
may be previously unrecognized sources of mental health prob-
lems and stress, and then having the opportunity to connect to
more formalized, tailored services and preventive interventions
during pregnancy, depending on their needs and other priorities
(Narayan et al., 2017, 2019).

The Care Project is a prenatal intervention that directly
addresses barriers to mental health treatment and assesses bene-
fits for mothers and their children (Davis et al., 2018). This

project implements MomCare, a form of brief interpersonal psy-
chotherapy (IPT) for depression during the prenatal period that is
designed to meet the needs of low-income women from culturally
diverse backgrounds and improve both maternal and infant out-
comes. MomCare is a culturally-relevant, collaborative care inter-
vention that provides brief IPT via approximately eight sessions
after an initial engagement session (Grote et al., 2015).
MomCare is efficacious with socio-economically disadvantaged
pregnant women of diverse cultural backgrounds; women ran-
domized to MomCare showed significantly higher rates of depres-
sion remission and lower depressive symptom severity as
compared to controls. These effects persisted through 18 months
postpartum (effect sizes = .35 for severity of depressive symptoms
and .36 for depression remission) (Grote et al., 2015). Of note,
MomCare is particularly beneficial for women with histories of
adversity (Grote, Zuckoff, Swartz, Bledsoe, & Geibel, 2007,
2015). An important aspect of MomCare’s success is that
women participate in an initial engagement session to problem
solve common barriers to treatment.

The goal of the Care Project specifically is to test whether
reducing maternal depression affects child developmental out-
comes, as the long-term benefits to offspring following prenatal
interventions delivered to women remain unknown (Davis
et al., 2018; Garcia et al., 2019). In the Care Project, women
with elevated depression symptoms are randomly assigned to
receive either MomCare or the standard of care. Mothers are fol-
lowed throughout the prenatal period and mother–infant dyads
are assessed from birth until the infant is 18 months of age. In
addition to assessing maternal trajectories of mental health and
stress, infant brain development, cognitive function and emo-
tional regulation are evaluated throughout the postpartum period.
This project tests the hypothesis that maternal intervention during
the prenatal period will exert benefits for both the mother and
infant. The use of random assignment in this project addresses
some of the limitations of correlational research. If reducing
maternal depression during the prenatal period benefits infant
brain development than this would provide support for the
Fetal Programming Hypothesis and underscore the importance
of beginning intervention prior to birth.

Perinatal Child–Parent Psychotherapy (CPP) and MotherWise
are two additional evidence-based interventions during pregnancy
that address maternal childhood adversity and relationship-based
adversity with the father of the baby. Perinatal CPP aims to pre-
vent the intergenerational transmission of adversity and mental
health problems from mothers to children by helping women to
process and recover from unresolved trauma before babies are
born, as well as increase awareness of and attunement to the
fetus, and strengthen positive attributions of infants (Lieberman
et al., 2009; Narayan, Oliver Bucio, Rivera, & Lieberman, 2016).
MotherWise, a relationship-based program, aims to strengthen
communication skills and healthy conflict resolution strategies
during pregnancy using the evidence-based Within My Reach
curriculum (Rhoades, Mazzoni, & O’Reilly Treter, 2019). It also
provides support for women to safely exit relationships that
could be harmful to maternal and fetal wellbeing. MotherWise
is multi-format and involves group-based workshops for pregnant
women and couples, as well as individual case management, with
the goal to improve birth and child outcomes, in addition to
maternal wellbeing and relationship functioning (Rhoades
et al., 2019). Together, all of the above intervention efforts aim
to implement resources and foster resilience during the preg-
nancy period to promote long-term maternal, fetal, and
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relational wellbeing before babies are born. More translational
prevention efforts that reduce mental health problems and stress
dysregulation and are delivered during pregnancy or even prior
to conception are needed to bolster resources and protective
capacities in women before adversity occurs and mental health
problems escalate.

Conclusions

There is growing awareness that maternal experiences of child-
hood and cumulative adversity may have intergenerational effects,
making the prenatal period not only a window when the conse-
quences of maternal adversity and resulting problems with mental
health and stress physiology impact the fetus, but also a window
of opportunity for resilience and intervention (Davis et al., 2018;
Narayan et al., 2019; Sperlich & Seng, 2008; Yehuda & Meaney,
2018). The extant literature provides compelling evidence that
the trajectory of fetal development is profoundly influenced by
the intrauterine environment, including signals to the fetus that
stem from maternal stress and mental health problems.
However, these findings also provide support that the prenatal
period is a window of opportunity to disrupt this intergenera-
tional transmission of adversity and mental health problems
from mothers to infants.

Several targeted areas of additional research are needed. Given
the life span and intergenerational pathways linking maternal
childhood and cumulative adversity, mental health problems
before and during pregnancy, disruptions in maternal–fetal stress
physiology, and negative neonatal and infant outcomes, more
research needs to utilize study designs that account for as many
of these variables as possible. Such studies could leverage inter-
generational designs not only to better understand how the preg-
nancy period is a unique time of risk, but also to harness
resilience processes that may promote or buffer adaptation across
generations, particularly in families with maternal childhood
adversity. There is a significant gap in research that examines pre-
natal protective factors that buffer against the effects of maternal
childhood adversity on alterations in maternal–fetal stress
physiology.

Research is needed to clarify whether effects of childhood
adversity on maternal mental health and stress physiology during
pregnancy depend on whether the adversity was measured retro-
spectively or prospectively. Recent research has shown that child-
hood adversity assessed with retrospective measurement is valid
and shows similar associations to outcomes than prospective
assessments (e.g., Glynn et al., 2019), although associations
between retrospectively reported adversity and outcomes may be
impacted by contemporaneous factors (e.g., mental state, trait
negativity, ongoing stress; Reuben et al., 2016). However, prospec-
tive data on childhood adversity, such as child welfare records of
documented maltreatment, also have disadvantages; official
records may miss cases that either were not reported at all or
did not rise to the level of attention needed for substantiation.
Thus, both retrospective and prospective data on childhood
adversity have advantages and disadvantages. Their relative pre-
dictive strength for various aspects of prenatal maternal and
fetal wellbeing is an important area for future research.

Finally, PTSD continues to be an understudied mental health
problem in pregnant women. More research should be dedicated
to antecedents of maternal prenatal PTSD, such as the role of
social support and pre-conception stressors, and the interaction
between maternal adversity and PTSD before and during

pregnancy on maternal–fetal stress physiology. PTSD symptoms,
as well as childhood adversity, should also be routinely screened
in all pregnant women. Stronger and more focused empirical
and translational efforts to understand pathways of intergenera-
tional risk and resilience through the pregnancy period will
extend and enhance the burgeoning literature base and continue
to promote optimal health and wellbeing in mothers and children
across development and over generations.

Funding Statement. This research was supported by the National Institutes
of Health (P50 MH096889 and R01 MH109662) to EPD and the Society for
Research in Child Development Small Grants Program for Early Career
Scholars to AJN.

Conflicts of Interest. None.

References

American College of Obstetricians and Gynecologists (ACOG). (2018). Screening
for perinatal depression. https://www.acog.org/clinical/clinical-guidance/
committee-opinion/articles/2018/11/screening-for-perinatal-depression

Atzl, V. M., Grande, L. A., Davis, E. P., & Narayan, A. J. (2019). Perinatal pro-
motive and protective factors for women with histories of childhood abuse
and neglect. Child Abuse & Neglect, 91, 63–77. doi:10.1016/j.chiabu.
2019.02.008

Atzl, V. M., Narayan, A. J., Rivera, L. M., & Lieberman, A. F. (2019). Adverse
childhood experiences and prenatal mental health: Type of ACEs and age of
maltreatment onset. Journal of Family Psychology, 33, 304–314. doi:10.1037/
fam0000510

Barker, D. J. (1998). In utero programming of chronic disease. Clinical Science,
95, 115–128. doi:10.1042/cs0950115

Barker, D. J. (2002). Fetal programming of coronary heart disease. Trends in
Endocrinology and Metabolism, 13, 364–368. doi:10.1016/S1043-2760(02)
00689-6

Barker, D. J., Eriksson, J. G., Forsen, T., & Osmond, C. (2002). Fetal origins of
adult disease: Strength of effects and biological basis. International Journal
of Epidemiology, 31, 1235–1239. doi:10.1093/ije/31.6.1235

Barker, E. D., Jaffee, S. R., Uher, R., & Maughan, B. (2011). The contribution of
prenatal and postnatal maternal anxiety and depression to child maladjust-
ment. Depression and Anxiety, 28, 696–702. doi:10.1002/da.20856

Blair, M. M., Glynn, L. M., Sandman, C. A., & Davis, E. P. (2011). Prenatal
maternal anxiety and early childhood temperament. Stress, 14, 644–651.
doi:10.3109/10253890.2011.594121

Bourgeois, J. P. (1997). Synaptogenesis, heterochrony and epigenesis in the
mammalian neocortex. Acta Paediatrica, 422, 27–33. doi:10.1111/
j.1651-2227.1997.tb18340.x

Bourgeois, J. P., Goldman-Rakic, P. S., & Rakic, P. (1994). Synaptogenesis in
the prefrontal cortex of rhesus monkeys. Cerebral Cortex (New York, N.Y.:
1991), 4, 78–96. https://doi.org/10.1093/cercor/4.1.78

Bowers, M. E., & Yehuda, R. (2016). Intergenerational transmission of stress in
humans. Neuropsychopharmacology, 41, 232–244. doi:10.1038/npp.2015.247

Bowers, M. E., & Yehuda, R. (2020). Intergenerational transmission of stress
vulnerability and resilience. In A. Chen (Ed.), Stress resilience (pp. 257–267).
London, England: Academic Press.

Brand, S. R., Engel, S. M., Canfield, R. L., & Yehuda, R. (2006). The effect of
maternal PTSD following in utero trauma exposure on behavior and tem-
perament in the 9-month-old infant. Annals of the New York Academy of
Sciences, 1071, 454–458. doi:10.1196/annals.1364.041

Burton, G. J., Hempstock, J., & Jauniaux, E. (2001). Nutrition of the human
fetus during the first trimester--a review. Placenta, 22, S70–S77.
doi:10.1053/plac.2001.0639

Buss, C., Davis, E. P., Class, Q. A., Gierczak, M., Pattillo, C., Glynn, L. M., &
Sandman, C. A. (2009). Maturation of the human fetal startle response:
Evidence for sex-specific maturation of the human fetus. Early Human
Development, 85, 633–638. doi:10.1016/j.earlhumdev.2009.08.001

Buss, C., Davis, E. P., Shahbaba, B., Pruessner, J. C., Head, K., & Sandman, C.
A. (2012). Maternal cortisol over the course of pregnancy and subsequent

1634 E.P. Davis and A.J. Narayan

https://doi.org/10.1017/S0954579420001121 Published online by Cambridge University Press

https://www.acog.org/clinical/clinical-guidance/committee-opinion/articles/2018/11/screening-for-perinatal-depression
https://www.acog.org/clinical/clinical-guidance/committee-opinion/articles/2018/11/screening-for-perinatal-depression
https://www.acog.org/clinical/clinical-guidance/committee-opinion/articles/2018/11/screening-for-perinatal-depression
https://doi.org/10.1093/cercor/4.1.78
https://doi.org/10.1093/cercor/4.1.78
https://doi.org/10.1017/S0954579420001121


child amygdala and hippocampus volumes and affective problems.
Proceedings of the National Academy of Sciences of the United States of
America, 109, E1312–E1319. doi:10.1073/pnas.1201295109

Buss, C., Entringer, S., Moog, N. K., Toepfer, P., Fair, D. A., Simhan, H. N., …
Wadhwa, P. D. (2017). Intergenerational transmission of maternal child-
hood maltreatment exposure: Implications for fetal Brain development.
Journal of the American Academy of Child and Adolescent Psychiatry, 56,
373–382. doi:10.1016/j.jaac.2017.03.001

Buss, C., Entringer, S., Reyes, J. F., Chicz-DeMet, A., Sandman, C. A., Waffarn,
F., & Wadhwa, P. D. (2009). The maternal cortisol awakening response in
human pregnancy is associated with the length of gestation. American
Journal of Obstetrics and Gynecologyl, 201, 398.e1–398.e8. doi:10.1016/
j.ajog.2009.06.063

Cai, D., Zhu, Z., Sun, H., Qi, Y., Xing, L., Zhao, X., … Li, H. (2017). Maternal
PTSD following exposure to the Wenchuan Earthquake is associated with
impaired mental development of children. PLoS One, 12, e0168747.
doi:10.1371/journal.pone.0168747

Capron, L. E., Glover, V., Pearson, R. M., Evans, J., O’Connor, T. G., Stein, A.,
… Ramchandani, P. G. (2015). Associations of maternal and paternal ante-
natal mood with offspring anxiety disorder at age 18 years. Journal of
Affective Disorders, 187, 20–26. doi:10.1016/j.jad.2015.08.012

Center for Disease Control and Prevention (CDC). (2019a). Adverse childhood
experiences (ACEs). https://www.cdc.gov/vitalsigns/aces/index.html

Center for Disease Control and Prevention (CDC). (2019b). Depression among
women. https://www.cdc.gov/reproductivehealth/depression/index.htm

Chambliss, L. R. (2008). Intimate partner violence and its implication for preg-
nancy. Clinical Obstetrics & Gynecology, 51, 385–397. doi:10.1097/
GRF.0b013e31816f29ce

Choi, K. W., & Sikkema, K. J. (2016). Childhood maltreatment and perinatal
mood and anxiety disorders: A systematic review. Trauma, Violence, and
Abuse, 17, 427–453. doi:10.1177/1524838015584369

Chung, E. K., Mathew, L., Elo, I. T., Coyne, J. C., & Culhane, J. F. (2008).
Depressive symptoms in disadvantaged women receiving prenatal care:
The influence of adverse and positive childhood experiences. Ambulatory
Pediatrics, 8, 109–116. doi:10.1016/j.ambp.2007.12.003

Class, Q. A., Buss, C., Davis, E. P., Gierczak, M., Pattillo, C., Chicz-DeMet, A., &
Sandman, C. A. (2008). Low levels of corticotropin-releasing hormone during
early pregnancy are associated with precocious maturation of the human
fetus. Developmental Neuroscience, 30, 419–426. doi:10.1159/000191213

Clemens, C. C., Castro, V. M., Blumenthal, S. R., Rosenfield, H. R., Murphy, S.
N., Fava, M., & Robinson, E. B. (2015). Prenatal antidepressant exposure is
associated with risk for attention-deficit hyperactivity disorder but not
autism spectrum disorder in a large health system. Molecular Psychiatry,
20, 727–734. doi:10.1038/mp.2014.90

Cook, N., Ayers, S., & Horsch, A. (2018). Maternal posttraumatic stress disor-
der during the perinatal period and child outcomes: A systematic review.
Journal of Affective Disorders, 225, 18–31. doi:10.1016/j.jad.2017.07.045

Curran, M. M., Sandman, C. A., Davis, E. P., Glynn, L. M., & Baram, T. Z.
(2017). Abnormal dendritic maturation of developing cortical neurons
exposed to corticotropin releasing hormone (CRH): Insights into effects
of prenatal adversity? PLoS One, 12, e0180311. doi:10.1371/
journal.pone.0180311

Davis, E. P., Buss, C., Muftuler, L. T., Head, K., Hasso, A., Wing, D. A., …
Sandman, C. A. (2011). Children’s brain development benefits from longer
gestation. Frontiers in Psychology, 2, 1. doi:10.3389/fpsyg.2011.00001

Davis, E. P., Glynn, L. M., Dunkel Schetter, C., Hobel, C., Chicz-De Met, A., &
Sandman, C. A. (2005). Maternal plasma corticotropin-releasing hormone
levels during pregnancy are associated with infant temperament.
Developmental Neuroscience, 27, 299–305. doi:10.1159/000086709

Davis, E. P., Glynn, L. M., Schetter, C. D., Hobel, C., Chicz-Demet, A., &
Sandman, C. A. (2007). Prenatal exposure to maternal depression and cortisol
influences infant temperament. Journal of the American Academy of Child
and Adolescent Psychiatry, 46, 737–746. doi:10.1097/chi.0b013e318047b775

Davis, E. P., Glynn, L. M., Waffarn, F., & Sandman, C. A. (2011). Prenatal mater-
nal stress programs infant stress regulation. Journal of Child Psychology and
Psychiatry, 52, 119–129. doi:10.1111/j.1469-7610.2010.02314.x

Davis, E. P., Hankin, B. L., Glynn, L. M., Head, K., Kim, D. J., & Sandman, C.
A. (2019). Prenatal maternal stress, child cortical thickness, and adolescent

depressive symptoms. Child Development, 91, e432–e450. doi:10.1111/
cdev.13252

Davis, E. P., Hankin, B. L., Swales, D. A., & Hoffman, M. C. (2018). An exper-
imental test of the fetal programming hypothesis: Can we reduce child
ontogenetic vulnerability to psychopathology by decreasing maternal
depression? Development and Psychopathology, 30, 787–806. doi:10.1017/
s0954579418000470

Davis, E. P., Head, K., Buss, C., & Sandman, C. A. (2017). Prenatal maternal
cortisol concentrations predict neurodevelopment in middle childhood.
Psychoneuroendocrinology, 75, 56–63. doi:10.1016/j.psyneuen.2016.10.005

Davis, E. P., & Pfaff, D. (2014). Sexually dimorphic responses to early adver-
sity: Implications for affective problems and autism spectrum disorder.
Psychoneuroendocrinology, 49, 11–25. doi:10.1016/j.psyneuen.2014.06.014

Davis, E. P., & Sandman, C. A. (2010). The timing of prenatal exposure to
maternal cortisol and psychosocial stress is associated with human infant
cognitive development. Child Development, 81, 131–148. doi:10.1111/
j.1467-8624.2009.01385.x

Davis, E. P., & Sandman, C. A. (2012). Prenatal psychobiological predictors of
anxiety risk in preadolescent children. Psychoneuroendocrinology, 37, 1224–
1233. doi:10.1016/j.psyneuen.2011.12.016

Davis, E. P., Snidman, N., Wadhwa, P. D., Dunkel Schetter, C., Glynn, L., &
Sandman, C. A. (2004). Prenatal maternal anxiety and depression predict
negative behavioral reactivity in infancy. Infancy, 6, 319–331. doi:10.1207/
s15327078in0603_1

Denver, R. J. (1997). Environmental stress as a developmental cue:
Corticotropin-releasing hormone is a proximate mediator of adaptive phe-
notypic plasticity in amphibian metamorphosis. Hormones and Behavior,
31, 169–179. doi: 10.1006/hbeh.1997.1383

de Weerth, C. (2018). Prenatal stress and the development of psychopathology:
Lifestyle behaviors as a fundamental part of the puzzle. Development and
Psychopathology, 30, 1129–1144. doi:10.1017/s0954579418000494

de Weerth, C., & Buitelaar, J. K. (2005). Physiological stress reactivity in
human pregnancy--a review. Neuroscience & Biobehavioral Reviews, 29,
295–312. doi:10.1016/j.neubiorev.2004.10.005

Dunkel Schetter, C. (2009). Stress processes in pregnancy and preterm birth.
Current Directions in Psychological Science, 18, 204–209.

Dunkel Schetter, C. (2011). Psychological science on pregnancy: Stress processes,
biopsychosocial models, and emerging research issues. Annual Review of
Psychology, 62, 531–558. doi:10.1146/annurev.psych.031809.130727

Dunkel Schetter, C., Sagrestano, L. M., Feldman., & Killingsworth, C. (1996).
Social support and pregnancy. In Handbook of Social Support and the
Family (pp. 375–412). Boston, MA: Springer.

Dunkel Schetter, C., & Tanner, L. (2012). Anxiety, depression and stress in preg-
nancy: Implications for mothers, children, research, and practice. Current
Opinion in Psychiatry, 25, 141–148. doi:10.1097/YCO.0b013e3283503680

Easterbrooks, M. A., Chaudhuri, J. H., Bartlett, J. D., & Copeman, A. (2011).
Resilience in parenting among young mothers: Family and ecological risks
and opportunities. Children and Youth Services Review, 33, 42–50.
doi:10.1016/j.childyouth.2010.08.010

El Marroun, H., White, T. J., Fernandez, G., Jaddoe, V. W. V., Verhulst, F. C.,
Stricker, B. H., & Tiemeier, H. (2017). Prenatal exposure to selective sero-
tonin reuptake inhibitors and non-verbal cognitive functioning in child-
hood. Journal of Psychopharmacology, 31, 346–355. doi:10.1177/
0269881116665335

Evans, L. M., Myers, M. M., & Monk, C. (2008). Pregnant women’s cortisol is
elevated with anxiety and depression—but only when comorbid. Archives of
Women’s Mental Health, 11, 239. doi:10.1007/s00737-008-0019-4

Fahrbach, S. E., & Pfaff, D. W. (1986). Effect of preoptic region implants of
dilute estradiol on the maternal behavior of ovariectomized, nulliparous
rats. Hormones and Behavior, 20, 354–363. doi:10.1016/0018-506x(86)
90043-7

Felitti, V. J., Anda, R. F., Nordenberg, D., Williamson, D. F., Spitz, A. M.,
Edwards, V., … Marks, J. S. (1998). Relationship of childhood abuse and
household dysfunction to many of the leading causes of death in adults.
The Adverse Childhood Experiences (ACE) Study. American Journal of
Preventive Medicine, 14, 245–258. doi: 10.1016/j.amepre.2019.04.001

Flanagan, J. C., Gordon, K. C., Moore, T. M., & Stuart, G. L. (2015). Women’s
stress, depression, and relationship adjustment profiles as they relate to

Development and Psychopathology 1635

https://doi.org/10.1017/S0954579420001121 Published online by Cambridge University Press

https://www.cdc.gov/vitalsigns/aces/index.html
https://www.cdc.gov/vitalsigns/aces/index.html
https://www.cdc.gov/reproductivehealth/depression/index.htm
https://www.cdc.gov/reproductivehealth/depression/index.htm
https://doi.org/10.1017/S0954579420001121


intimate partner violence and mental health during pregnancy and postpar-
tum. Psychology of Violence, 5, 66–73. doi:10.1037/a0036895

Galbally, M., van Rossum, E. F. C., Watson, S. J., de Kloet, E. R., & Lewis, A. J.
(2019). Trans-generational stress regulation: Mother-infant cortisol and
maternal mental health across the perinatal period.
Psychoneuroendocrinology, 109, 104374. doi:10.1016/j.psyneuen.2019.104374

Garcia, S., Valente, E., Lillehei, N., Grote, N., Hankin, B. L., & Davis, E. P.
(2019). Does brief psychotherapy with distressed pregnant women benefit
both mother and baby? Zero to Three, 39, 23–32.

Gee, D. G., Gabard-Durnam, L. J., Flannery, J., Goff, B., Humphreys, K. L.,
Telzer, E., … Tottenham, N. (2013). Early developmental emergence of
human amygdala-prefrontal connectivity after maternal deprivation.
Proceedings of the National Academy of Sciences of the United States of
America, 110, 15638–15643. doi:10.1073/pnas.1307893110

Gilmore, J. H., Knickmeyer, R. C., & Gao, W. (2018). Imaging structural and
functional brain development in early childhood. Nature Reviews
Neuroscience, 19, 123–137. https://doi.org/10.1038/nrn.2018.1

Gluckman, P. D., & Hanson, M. A. (2004). Living with the past: Evolution,
development, and patterns of disease. Science, 305, 1733–1736.
doi:10.1126/science.1095292

Gluckman, P. D., Hanson, M. A., & Pinal C. (2005). The developmental ori-
gins of adult disease. Maternal & Child Nutrition, 1(3), 130–141.

Glynn, L. M. (2010). Giving birth to a new brain: Hormone exposures of preg-
nancy influence human memory. Psychoneuroendocrinology, 35, 1148–
1155. doi:10.1016/j.psyneuen.2010.01.015

Glynn, L. M. (2012). Increasing parity is associated with cumulative effects on
memory. Journal of Women’s Health, 21, 1038–1045. doi:10.1089/
jwh.2011.3206

Glynn, L. M., Davis, E. P., & Sandman, C. A. (2013). New insights into the role
of perinatal HPA-axis dysregulation in postpartum depression.
Neuropeptides, 47, 363–370. doi:10.1016/j.npep.2013.10.007

Glynn, L. M., Davis, E. P., Sandman, C. A., & Goldberg, W. A. (2016).
Gestational hormone profiles predict human maternal behavior at 1-year
postpartum. Hormones and Behavior, 85, 19–25. doi:10.1016/
j.yhbeh.2016.07.002

Glynn, L. M., Dunkel Schetter, C., Hobel, C., & Sandman, C. A. (2008). Pattern
of perceived stress and anxiety in pregnancy predict preterm birth. Health
Psychology, 27, 42–51. doi:10.1037/0278-6133.27.1.43

Glynn, L. M., Howland, M. A., Sandman, C. A., Davis, E. P., Phelan, M., &
Baram, T. Z., & Stern, H. Z. (2018). Prenatal maternal mood patterns pre-
dict child temperament and adolescent mental health. Journal of Affective
Disorders, 228, 83–90.

Glynn, L. M., & Sandman, C. A. (2014). Evaluation of the association between
placental corticotrophin-releasing hormone and postpartum depressive
symptoms. Psychosomatic Medicine, 76, 355–362. doi:10.1097/
psy.0000000000000066

Glynn, L. M., Schetter, C. D., Wadhwa, P. D., & Sandman, C. A. (2004).
Pregnancy affects appraisal of negative life events. Journal of
Psychosomatic Research, 56, 47–52. doi:10.1016/S0022-3999(03)00133-8

Glynn, L. M., Stern, H. S., Howland, M. A., Risbrough, V. B., Baker, D. G.,
Nievergelt, C. M., … Davis, E. P. (2019). Measuring novel antecedents of
mental illness: The questionnaire of unpredictability in childhood.
Neuropsychopharmacology, 44, 876–882. doi:10.1038/s41386-018-0280-9

Glynn, L. M., Wadhwa, P. D., Dunkel Schetter, C., & Sandman, C. A. (2001).
When stress happens matters: The effects of earthquake timing on stress
responsivity in pregnancy. American Journal of Obstetrics and Gynecology,
184, 637–642. doi:10.1067/mob.2001.111066

Godfrey, K. M., & Barker, D. J. (2001). Fetal programming and adult health.
Public Health Nutrition, 4, 611–624. doi:10.1079/phn2001145

Goland, R. S. (1988). Biologically active corticotropin releasing hormone in
maternal and fetal plasma during pregnancy. American Journal of
Obstetrics and Gynecology, 159, 884–490. doi:10.1016/S0002-9378(88)
80162-5

Grigoriadis, S., VonderPorten, E. H., Mamisashvili, L., Tomlinson, G., Dennis,
C. L., Koren, G., … Ross, L. E. (2013). The impact of maternal depression
during pregnancy on perinatal outcomes: A systematic review and meta-
analysis. Journal of Clinical Psychiatry, 74, e321–e341. doi:10.4088/
JCP.12r07968

Grote, N. K., Bridge, J. A., Gavin, A. R., Melville, J. L., Iyengar, S., & Katon, W.
J. (2010). A meta-analysis of depression during pregnancy and the risk of
preterm birth, low birth weight, and intrauterine growth restriction.
Archives of General Psychiatry, 67, 1012–1024. doi:10.1001/
archgenpsychiatry.2010.111

Grote, N. K., Katon, W. J., Russo, J. E., Lohr, M. J., Curran, M., Galvin, E., &
Carson, K. (2015). Collaborative care for perinatal depression in socioeco-
nomically disadvantaged women: A randomized trial. Depression and
Anxiety, 32, 821–834. doi:10.1002/da.22405

Grote, N. K., Zuckoff, A., Swartz, H., Bledsoe, S. E., & Geibel, S. (2007).
Engaging women who are depressed and economically disadvantaged in
mental health treatment. Social Work, 52, 295–308. doi:10.1093/sw/52.4.295

Gunnar, M., & Quevedo, K. (2007). The neurobiology of stress and develop-
ment. Annual Review of Psychology, 58, 145–173. https://doi.org/10.1146/
annurev.psych.58.110405.085605

Harris-Britt, A., Martin, S. L., Li, Y., Casanueva, C., & Kupper, L. L. (2004).
Posttraumatic stress disorder and associated functional impairments during
pregnancy: Some consequences of violence against women. Journal of
Clinical Psychology in Medical Settings, 11, 253–264. doi:10.1023/B:
JOCS.0000045345.72671.5e

Hentges, R. F., Graham, S. A., Plamondon, A., Tough, S., & Madigan, S.
(2019). A developmental cascade from prenatal stress to child internalizing
and externalizing problems. Journal of Pediatric Psychology, 44, 1057–1067.
doi:10.1093/jpepsy/jsz044

Howland, M. A., Sandman, C. A., & Glynn, L. M. (2017). Developmental ori-
gins of the human hypothalamic-pituitary-adrenal axis. Expert Review of
Endocrinology & Metabolism, 12, 321–339. doi:10.1080/
17446651.2017.1356222

Howland, M. A., Sandman, C. A., Glynn, L. M., Crippen, C., & Davis, E. P. (2016).
Fetal exposure to placental corticotropin-releasing hormone is associated with
child self-reported internalizing symptoms. Psychoneuroendocrinology, 67,
10–17. doi:10.1016/j.psyneuen.2016.01.023

Huot, R., Brennan, P., Stowe, Z., Plotsky, P., & Walker, E. (2004). Negative
affect in offspring of depressed mothers is predicted by infant cortisol levels
at 6 months and maternal depression during pregnancy, but not postpar-
tum. Annals of the New York Academy of Sciences, 1032, 234–236.
doi:10.1196/annals.1314.028

Huth-Bocks, A. C., Krause, K., Ahlfs-Dunn, S., Gallagher, E., & Scott, S.
(2013). Relational trauma and posttraumatic stress symptoms among preg-
nant women. Psychodynamic Psychiatry, 41, 277–301. doi:10.1521/
pdps.2013.41.2.277

Jasinski, J. L. (2004). Pregnancy and domestic violence: A review of the literature.
Trauma, Violence, & Abuse, 5, 47–64. doi:10.1177/1524838003259322

Keyser-Marcus, L., Stafisso-Sandoz, G., Gerecke, K., Jasnow, A., Nightingale,
L., Lambert, K. G., … Kinsley, C. H. (2001). Alterations of medial preoptic
area neurons following pregnancy and pregnancy-like steroidal treatment in
the rat. Brain Research Bulletin, 55, 737–745. doi:10.1016/s0361-9230(01)
00554-8

Kim, D. J., Davis, E. P., Sandman, C. A., Sporns, O., O’Donnell, B. F., Buss, C.,
& Hetrick, W. P. (2014). Longer gestation is associated with more efficient
brain networks in preadolescent children. NeuroImage, 100, 619–627.
doi:10.1016/j.neuroimage.2014.06.048

Kim, D. J., Davis, E. P., Sandman, C. A., Sporns, O., O’Donnell, B. F., Buss, C.,
& Hetrick, W. P. (2017). Prenatal maternal cortisol has sex-specific associ-
ations with child brain network properties. Cerebral Cortex, 27, 5230–5241.
doi:10.1093/cercor/bhw303

King, S., & Laplante, D. P. (2005). The effects of prenatal maternal stress on
children’s cognitive development: Project ice storm. Stress, 8, 35–45.
doi:10.1080/10253890500108391

King, B. R., Nicholson, R. C., & Smith, R. (2001). Placental corticotrophin-
releasing hormone, local effects and fetomaternal endocrinology. Stress, 4,
219–233. doi:10.3109/10253890109014747

Korhonen, M., Luoma, I., Salmelin, R., & Tamminen, T. (2012). A longitudinal
study of maternal prenatal, postnatal and concurrent depressive symptoms
and adolescent well-being. Journal of Affective Disorders, 136, 680–692.
doi:10.1016/j.jad.2011.10.007

Kostović, I., Judas, M., Rados, M., & Hrabac, P. (2002). Laminar organization
of the human fetal cerebrum revealed by histochemical markers and

1636 E.P. Davis and A.J. Narayan

https://doi.org/10.1017/S0954579420001121 Published online by Cambridge University Press

https://doi.org/10.1038/nrn.2018.1
https://doi.org/10.1038/nrn.2018.1
https://doi.org/10.1146/annurev.psych.58.110405.085605
https://doi.org/10.1146/annurev.psych.58.110405.085605
https://doi.org/10.1146/annurev.psych.58.110405.085605
https://doi.org/10.1017/S0954579420001121


magnetic resonance imaging. Cerebral Cortex (New York, N.Y.: 1991), 12,
536–544. https://doi.org/10.1093/cercor/12.5.536

Letourneau, N., Dewey, D., Kaplan, B. J., Ntanda, H., Novick, J., Thomas, J. C.,
… Giesbrecht, G. F. (2019). Intergenerational transmission of adverse child-
hood experiences via maternal depression and anxiety and moderation by
child sex. Journal of Developmental Origins of Health and Disease, 10,
88–99. doi:10.1017/s2040174418000648

Lieberman, A. F., Díaz, M. A., & Van Horn, P. (2009). Safer beginnings:
Perinatal child-parent psychotherapy for newborns and mothers exposed
to domestic violence. Zero to Three, 29, 17–22.

Luecken, L. J., MacKinnon, D. P., Jewell, S. L., Crnic, K. A., & Gonzales, N. A.
(2015). Effects of prenatal factors and temperament on infant cortisol reg-
ulation in low-income Mexican American families. Developmental
Psychobiology, 57, 961–973. doi:10.1002/dev.21328

Madigan, S., Oatley, H., Racine, N., Fearon, R. M. P., Schumacher, L., Akbari,
E.,… Tarabulsy, G. M. (2018). A meta-analysis of maternal prenatal depres-
sion and anxiety on child socioemotional development. Journal of the
American Academy of Child and Adolescent Psychiatry, 57, 645–657.e648.
doi:10.1016/j.jaac.2018.06.012

Marcus, S. M. (2009). Depression during pregnancy: Rates, risks and conse-
quences – motherisk update 2008. Canadian Journal of Clinical
Pharmacology, 16, 15–22.

Mastorakos, G., & Ilias, I. (2003). Maternal and fetal hypothalamic–pitui-
tary–adrenal axes during pregnancy and postpartum. Annals of the
New York Academy of Science, 997, 136–149. doi:10.1196/annals.1290.
016

McDonnell, C. G., & Valentino, K. (2016). Intergenerational effects of child-
hood trauma: Evaluating pathways among maternal ACEs, perinatal depres-
sive symptoms, and infant outcomes. Child Maltreatment, 21, 317–326.
doi:10.1177/1077559516659556

Moog, N. K., Entringer, S., Rasmussen, J. M., Styner, M., Gilmore, J. H.,
Kathmann, N., … Buss, C. (2018). Intergenerational effect of maternal
exposure to childhood maltreatment on newborn brain anatomy.
Biological Psychiatry, 83, 120–127. doi:10.1016/j.biopsych.2017.07.009

Moon, C. M., & Fifer, W. P. (2000). Evidence of transnatal auditory learning.
Journal of Perinatology, 20, S37–S44. doi:10.1038/sj.jp.7200448

Narayan, A. J., Atzl, V. M., Merrick, J. S., River, L. M., & Peña, R. (2019).
Therapeutic perinatal research with low-income families: Leveraging benev-
olent childhood experiences (BCEs) and fathers’ perspectives to promote
resilience. Zero to Three, 39, 43–53.

Narayan, A. J., Hagan, M. J., Cohodes, E., Rivera, L. M., & Lieberman, A. F.
(2016). Early childhood victimization and physical intimate partner vio-
lence during pregnancy: A developmental and person-oriented approach.
Journal of Interpersonal Violence, 3, 3–26.

Narayan, A. J., Ippen, C. G., Harris, W. W., & Lieberman, A. F. (2019).
Protective factors that buffer against the intergenerational transmission of
trauma from mothers to young children: A replication study of angels in
the nursery. Development and Psychopathology, 31, 173–187. doi:10.1017/
S0954579418001530

Narayan, A. J., Oliver Bucio, G., Rivera, L. M., & Lieberman, A. F. (2016).
Making sense of the past creates space for the baby: Perinatal child-parent
psychotherapy for pregnant women with childhood trauma. Zero to Three,
36, 22–28.

Narayan, A. J., Rivera, L. M., Bernstein, R. E., Castro, G., Gantt, T., Thomas,
M., … Lieberman, A. F. (2017). Between pregnancy and motherhood:
Identifying unmet mental health needs in pregnant women with lifetime
adversity. Zero to Three, 37, 4–13.

Narayan, A. J., Rivera, L. M., Bernstein, R. E., Harris, W. W., & Lieberman, A.
F. (2018). Positive childhood experiences predict less psychopathology and
stress in pregnant women with childhood adversity: A pilot study of the
benevolent childhood experiences (BCEs) scale. Child Abuse & Neglect,
78, 19–30. doi:10.1016/j.chiabu.2017.09.022

Noroña, A., Doom, J., Davis, E. P., & Gunnar, M. R. (2020). The effects of
stress on early brain and behavioral development. In J. L. R. Rubenstein,
& P. Rakic (Eds.), Comprehensive developmental neuroscience: Neural circuit
development and function in the healthy and diseased brain. Amsterdam,
Netherlands: Academic Press.

Numan, M. (2006). Hypothalamic neural circuits regulating maternal respon-
siveness toward infants. Behavioral and Cognitive Neuroscience Reviews, 5,
163–190. doi: 10.1177/1534582306288790

Numan, M., Rosenblatt, J. S., & Komisaruk, B. R. (1977). Medial preoptic area
and onset of maternal behavior in the rat. Journal of Comparative and
Physiological Psychology, 91, 146–164. doi:10.1037/h0077304

O’Donnell, K. J., Glover, V., Barker, E. D., & O’Connor, T. G. (2014). The per-
sisting effect of maternal mood in pregnancy on childhood psychopathol-
ogy. Development and Psychopathology, 26, 393–403. doi:10.1017/
s0954579414000029

O’Donnell, K. J., Glover, V., Jenkins, J., Browne, D., Ben-Shlomo, Y., Golding,
J., & O’Connor, T. G. (2013). Prenatal maternal mood is associated with
altered diurnal cortisol in adolescence. Psychoneuroendocrinology, 38,
1630–1638. doi:10.1016/j.psyneuen.2013.01.008

Osborne, S., Biaggi, A., Chua, T. E., Du Preez, A., Hazelgrove, K., Nikkheslat,
N., … Pariante, C. M. (2018). Antenatal depression programs cortisol stress
reactivity in offspring through increased maternal inflammation and corti-
sol in pregnancy: The psychiatry research and motherhood - depression
(PRAM-D) study. Psychoneuroendocrinology, 98, 211–221. doi:10.1016/
j.psyneuen.2018.06.017

Posner, J., Cha, J., Wang, Z., Talati, A., Warner, V., Gerber, A., … Weissman,
M. (2016). Increased default mode network connectivity in individuals at
high familial risk for depression. Neuropsychopharmacology: Official
Publication of the American College of Neuropsychopharmacology, 41(7),
1759–1767.

Pearson, R. M., Evans, J., Kounali, D., Lewis, G., Heron, J., Ramchandani, P. G.,
… Stein, A. (2013). Maternal depression during pregnancy and the postnatal
period: Risks and possible mechanisms for offspring depression at age 18
years. JAMA Psychiatry, 70, 1312–1319. doi:10.1001/jamapsychiatry.2013.2163

Plant, D. T., Pariante, C. M., Sharp, D., & Pawlby, S. (2015). Maternal depres-
sion during pregnancy and offspring depression in adulthood: Role of child
maltreatment. British Journal of Psychiatry, 207, 213–220. doi:10.1192/
bjp.bp.114.156620

Pratchett, L. C., & Yehuda, R. (2011). Foundations of posttraumatic stress disorder:
Does early life trauma lead to adult posttraumatic stress disorder? Development
and Psychopathology, 23, 477–491. doi:10.1017/S0954579411000186

Racine, N. M., Madigan, S. L., Plamondon, A. R., McDonald, S. W., & Tough,
S. C. (2018). Differential associations of adverse childhood experience on
maternal health. American Journal of Preventive Medicine, 54, 368–375.
doi:10.1016/j.amepre.2017.10.028

Racine, N., Plamondon, A., Madigan, S., McDonald, S., & Tough, S. (2018).
Maternal adverse childhood experiences and infant development.
Pediatrics, 141, e20172495. doi:10.1542/peds.2017-2495

Racine, N., Zumwalt, K., McDonald, S., Tough, S., & Madigan, S. (2019).
Perinatal depression: The role of maternal adverse childhood experiences
and social support. Journal of Affective Disorders, 263, 576–581.
doi:10.1016/j.jad.2019.11.030

Reuben, A., Moffitt, T. E., Caspi, A., Belsky, D. W., Harrington, H., Schroeder,
F., … Danese, A. (2016). Lest we forget: Comparing retrospective and pro-
spective assessments of adverse childhood experiences in the prediction of
adult health. Journal of Child Psychology and Psychiatry, 57, 1103–1112.
doi:10.1111/jcpp.12621

Rhoades, G. K., Mazzoni, S., & O’Reilly Treter, M. (2019). Novel preventive
interventions to promote relationship quality among diverse populations:
Overview and results from four newly-developed programs. Paper presented
at the annual meeting of the Association for Behavioral and Cognitive
Therapies, Atlanta, GA.

Rice, F., Harold, G. T., Boivin, J., Hay, D. F., van den Bree, M., & Thapar, A.
(2009). Disentangling prenatal and inherited influences in humans with an
experimental design. Proceedings of the National Academy of Sciences of the
United States of America, 106, 2464–2467. doi:10.1073/pnas.0808798106

River, L. M., Narayan, A. J., Atzl, V. M., Rivera, L. M., & Lieberman, A. F.
(2019). Past made present: The legacy of childhood maltreatment for
romantic relationship quality and psychopathology during pregnancy.
Psychology of Violence, 10(3), 324–333. https://doi.org/10.1037/vio0000273

River, L. M., Narayan, A. J., Atzl, V. M., Rivera, L. M., & Lieberman, A. F.
(2020). Romantic partner support during pregnancy: The discrepancy

Development and Psychopathology 1637

https://doi.org/10.1017/S0954579420001121 Published online by Cambridge University Press

https://doi.org/10.1093/cercor/12.5.536
https://doi.org/10.1093/cercor/12.5.536
https://doi.org/10.1017/S0954579420001121


between self-reported and coder-rated support as a risk factor for prenatal
psychopathology and stress. Journal of Social and Personal Relationships, 37,
27–46. doi:10.1177/0265407519850333

River, L. M., Narayan, A. J., Galvan, T., Rivera, L. M., Harris, W. W., &
Lieberman, A. F. (2019). On the verge of motherhood and mental illness:
Prenatal mental health service utilization among women at highest risk.
Zero to Three, 39, 33–42.

Robinson, B. G., Emanuel, R. L., Frim, D. M., & Majzoub, J. A. (1988).
Glucocorticoid stimulates expression of corticotropin-releasing hormone
gene in human placenta. Proceedings of the National Academy of Sciences
of the United States of America, 85, 5244–5248. doi:10.1073/pnas.85.14.5244

Robinson, R., Lahti-Pulkkinen, M., Heinonen, K., Reynolds, R. M., &
Raikkonen, K. (2019). Fetal programming of neuropsychiatric disorders
by maternal pregnancy depression: A systematic mini review. Pediatric
Research, 85, 134–145. doi:10.1038/s41390-018-0173-y

Rouse, M. H., & Goodman, S. H. (2014). Perinatal depression influences on
infant negative affectivity: Timing, severity, and co-morbid anxiety. Infant
Behavior and Development, 37, 739–751. doi:10.1016/j.infbeh.2014.09.001

Sandman, C. A., Buss, C., Head, K., & Davis, E. P. (2015). Fetal exposure to mater-
nal depressive symptoms is associated with cortical thickness in late childhood.
Biological Psychiatry, 77, 324–334. doi:10.1016/j.biopsych.2014.06.025

Sandman, C. A., Curran, M. M., Davis, E. P., Glynn, L. M., Head, K., & Baram,
T. Z. (2018). Cortical thinning and neuropsychiatric outcomes in children
exposed to prenatal adversity: A role for placental CRH? American
Journal of Psychiatry, 175, 471–479. doi:10.1176/appi.ajp.2017.16121433

Sandman, C. A., Davis, E. P., Buss, C., & Glynn, L. M. (2011). Prenatal pro-
gramming of human neurological function. International Journal of
Peptides, 2011, 837596. doi:10.1155/2011/837596.

Sandman, C. A., Davis, E. P., & Glynn, L. M. (2012). Prescient human fetuses
thrive. Psychological Science, 23, 93–100. doi:10.1177/0956797611422073

Sandman, C. A., Glynn, L. M., & Davis, E. P. (2015). Neurobehavioral conse-
quences of fetal exposure to gestational stress. In B. Kisilevsky, & N.
Reissland (Eds.), Advancing Research on Fetal Development. Cham,
Switzerland: Springer Publisher.

Sandman, C. A., Glynn, L., Schetter, C. D., Wadhwa, P., Garite, T.,
Chicz-DeMet, A., & Hobel, C. (2006). Elevated maternal cortisol early in
pregnancy predicts third trimester levels of placental corticotropin releasing
hormone (CRH): Priming the placental clock. Peptides, 27, 1457–1463.
doi:10.1016/j.peptides.2005.10.002

Schreier, H. M., Enlow, M. B., Ritz, T., Gennings, C., & Wright, R. J. (2015).
Childhood abuse is associated with increased hair cortisol levels among
urban pregnant women. Journal of Epidemioogy and Community Health,
69, 1169–1174. doi:10.1136/jech-2015-205541

Séguin, L., Potvin, L., Denis, M. S., & Loiselle, J. (1995). Chronic stressors,
social support, and depression during pregnancy. Obstetrics &
Gynecology, 85, 583–589. doi:10.1016/0029-7844(94)00449-N

Seng, J. S. (2002). A conceptual framework for research on lifetime violence,
posttraumatic stress, and childbearing. Journal of Midwifery and Women’s
Health, 47, 337–346. doi:10.1016/S1526-9523(02)00275-1

Seng, J. S., Low, L. K., Ben-Ami, D., & Liberzon, I. (2010). Cortisol level and
perinatal outcome in pregnant women with posttraumatic stress disorder: A
pilot study. Journal of Midwifery & Women’s Health, 50, 392–398.
doi:10.1016/j.jmwh.2005.04.024

Seng, J. S., Low, L. K., Sperlich, M., Ronis, D. L., & Liberzon, I. (2011).
Post-traumatic stress disorder, child abuse history, birthweight and gestational
age: A prospective cohort study. BJOG: An International Journal of Obstetrics
& Gynaecology, 118, 1329–1339. doi:10.1111/j.1471-0528.2011.03071.x

Seng, J. S., Rauch, S. A., Resnick, H., Reed, C. D., King, A., Low, L. K., …
Liberzon, I. (2010). Exploring posttraumatic stress disorder symptom pro-
file among pregnant women. Journal of Psychosomatic Obstetrics &
Gynecology, 31, 176–187. doi:10.3109/0167482X.2010.486453

Seng, J. S., Sperlich, M., Low, L. K., Ronis, D. L., Muzik, M., & Liberzon, I. (2013).
Childhood abuse history, posttraumatic stress disorder, postpartum mental
health, and bonding: A prospective cohort study. Journal of Midwifery &
Women’s Health, 58, 57–68. doi:10.1111/j.1542-2011.2012.00237.x

Shingo, T., Gregg, C., Enwere, E., Fujikawa, H., Hassam, R., Geary, C., … Weiss,
S. (2003). Pregnancy-stimulated neurogenesis in the adult female forebrain
mediated by prolactin. Science, 299, 117–120. doi:10.1126/science.1076647

Sidman, R. L., & Rakic, P. (1973). Neuronal migration, with special reference
to developing human brain: A review. Brain Research, 62, 1–35. https://doi.
org/10.1016/0006-8993(73)90617-3

Slade, A., & Cohen, L. J. (1996). The process of parenting and the remem-
brance of things past. Infant Mental Health Journal, 17, 217–238.
doi:10.1002/(SICI)1097-0355(199623)17:3<217::AID-IMHJ3>3.0.CO;2-L

Slade, A., Cohen, L. J., Sadler, L. S., & Miller, M. (2009). The psychology and
psychopathology of pregnancy. In C. H. Zeanah (Ed.), Handbook of infant
mental health (pp. 22–39). New York, NY: Guilford Press.

Slattery, D. A., & Hillerer, K. M. (2016). The maternal brain under stress:
Consequences for adaptive peripartum plasticity and its potential functional
implications. Frontiers in Neuroendocrinology, 41, 114–128. doi:10.1016/
j.yfrne.2016.01.004

Smith, R., Mesiano, S., & McGrath, S. (2002). Hormone trajectories leading to
human birth. Regulatory Peptides, 108, 159–164. doi:10.1016/S0167-0115
(02)00105-2

Sperlich, M., & Seng, J. S. (2008). Survivor moms: Women’s stories of birthing,
mothering and healing after sexual abuse. Eugene, OR: Motherbaby Press.

Stiles, J., & Jernigan, T. L. (2010). The basics of brain development. Neuropsychology
Review, 20, 327–348. https://doi.org/10.1007/s11065-010-9148-4

Stout, S. A., Espel, E. V., Sandman, C. A., Glynn, L. M., & Davis, E. P. (2015).
Fetal programming of children’s obesity risk. Psychoneuroendocrinology, 53,
29–39. doi:10.1016/j.psyneuen.2014.12.009

Swales, D. A., Grande, L. A., Wing, D. A., Edelmann, M., Glynn, L. M.,
Sandman, C., … Davis, E. P. (2019). Can placental corticotropin-releasing
hormone inform timing of antenatal corticosteroid administration? The
Journal of Clinical Endocrinology and Metabolism, 104, 443–450.
doi:10.1210/jc.2018-00956

Swales, D. A., Stout-Oswald, S. A., Glynn, L. M., Sandman, C., Wing, D. A., &
Davis, E. P. (2018). Exposure to traumatic events in childhood predicts cor-
tisol production among high risk pregnant women. Biological Psychology,
139, 186–192. doi:10.1016/j.biopsycho.2018.10.006

Thomas, J. C., Letourneau, N., Bryce, C. I., Campbell, T. S., Giesbrecht, G. F., &
APrON Study Team. (2017). Biological embedding of perinatal social rela-
tionships in infant stress reactivity. Developmental Psychobiology, 59, 425–
435. doi:10.1002/dev.21505

Thomason, M. E., Scheinost, D., Manning, J. H., Grove, L. E., Hect, J.,
Marshall, N., … Romero, R. (2017). Weak functional connectivity in the
human fetal brain prior to preterm birth. Scientific Reports, 7, 39286.
doi:10.1038/srep39286

Tottenham, N. (2020). Early Adversity and the neotenous human brain.
Biological Psychiatry, 87, 350–358. doi:10.1016/j.biopsych.2019.06.018

Van Batenburg-Eddes, T., Brion, M. J., Henrichs, J., Jaddoe, V. W. V., Hofman,
A., Verhulst, F. C., … Tiemeier, H. (2013). Parental depressive and anxiety
symptoms during pregnancy and attention problems in children: A cross-
cohort consistency study. Journal of Child Psychology and Psychiatry, 54,
591–600. doi:10.1111/jcpp.12023

Van den Bergh, B. R., & Marcoen, A. (2004). High antenatal maternal anxiety
is related to ADHD symptoms, externalizing problems, and anxiety in 8-
and 9-year-olds. Child Development, 75, 1085–1097. doi:10.1111/
j.1467-8624.2004.00727.x

Van den Bergh, B. R., Mennes, M., Oosterlaan, J., Stevens, V., Stiers, P.,
Marcoen, A., & Lagae, L. (2005). High antenatal maternal anxiety is related
to impulsivity during performance on cognitive tasks in 14- and
15-year-olds. Neuroscience & Biobehavioral Reviews, 29, 259–269.
doi:10.1016/j.neubiorev.2004.10.010

Van den Bergh, B. R., Van Calster, B., Smits, T., Van Huffel, S., & Lagae, L.
(2008). Antenatal maternal anxiety is related to HPA-axis dysregulation
and self-reported depressive symptoms in adolescence: A prospective
study on the fetal origins of depressed mood. Neuropsychopharmacology,
33, 536–545. doi:10.1038/sj.npp.1301450

Waffarn, F., & Davis, E. P. (2012). Effects of antenatal corticosteroids on the
hypothalamic-pituitary-adrenocortical axis of the fetus and newborn:
Experimental findings and clinical considerations. American Journal of
Obstetrics & Gynecology, 207, 446–454. doi:10.1016/j.ajog.2012.06.012

Yehuda, R., Engel, S. M., Brand, S. R., Seckle, J., Marcus, S. M., & Berkowitz, G.
S. (2005). Transgenerational effects of posttraumatic stress disorder in
babies of mothers exposed to the World Trade Center attacks during

1638 E.P. Davis and A.J. Narayan

https://doi.org/10.1017/S0954579420001121 Published online by Cambridge University Press

https://doi.org/10.1016/0006-8993(73)90617-3
https://doi.org/10.1016/0006-8993(73)90617-3
https://doi.org/10.1016/0006-8993(73)90617-3
https://doi.org/10.1007/s11065-010-9148-4
https://doi.org/10.1007/s11065-010-9148-4
https://doi.org/10.1017/S0954579420001121


pregnancy. Journal of Clinical Endocrinology & Metabolism, 90, 4115–4118.
doi:10.1210/jc.2005-0550

Yehuda, R., Flory, J. D., Pratchett, L. C., Buxbaum, J., Ising, M., & Holsboer, F.
(2010). Putative biological mechanisms for the association between early life
adversity and the subsequent development of PTSD. Psychopharmacology,
212, 405–417. doi:10.1007/s00213-010-1969-6

Yehuda, R., & Meaney, M. J. (2018). Relevance of psychological symptoms
in pregnancy to intergenerational effects of preconception trauma.
Biological Psychiatry, 83, 94–96. doi:10.1016/j.biopsych.2017.10.027

Yildiz, P. D., Ayers, S., & Phillips, L. (2017). The prevalence of posttraumatic
stress disorder in pregnancy and after birth: A systematic review and meta-

analysis. Journal of Affective Disorders, 208, 634–645. doi:10.1016/
j.jad.2016.10.009

Yim, I. S., Glynn, L. M., Dunkel-Schetter, C., Hobel, C. J., Chicz-DeMet, A.,
& Sandman, C. A. (2009). Risk of postpartum depressive symptoms
with elevated corticotropin-releasing hormone in human pregnancy.
Arch Gen Psychiatry, 66, 162–169. doi:10.1001/archgenpsychiatry.2008.
533

Yim, I. S., Glynn, L. M., Schetter, C. D., Hobel, C. J., Chicz-Demet, A., &
Sandman, C. A. (2010). Prenatal beta-endorphin as an early predictor of
postpartum depressive symptoms in euthymic women. Journal of
Affective Disorders, 125, 128–133. doi: 10.1016/j.jad.2009.12.009

Development and Psychopathology 1639

https://doi.org/10.1017/S0954579420001121 Published online by Cambridge University Press

https://doi.org/10.1017/S0954579420001121

	Pregnancy as a period of risk, adaptation, and resilience for mothers and infants
	Pregnancy as a Sensitive Period for the Fetus and Mother: Biological Changes
	Fetal development
	Maternal development

	Adversity Antecedents of Prenatal Maternal Stress and Mental Health Problems
	Adversity and prenatal maternal stress physiology
	Adversity and prenatal maternal mental health problems
	Maternal experience of childhood adversity
	Maternal experience of adversity in adulthood and cumulative lifetime adversity


	Fetal Programming: Maternal Prenatal Stress Predicts Child Mental Health Problems
	Prenatal maternal stress and mental health, and child outcomes

	Adaptation and Resilience
	Prenatal maternal stress and offspring adaptation to the postnatal environment
	Promotive and protective factors that ameliorate negative outcomes following maternal adversity, mental health problems, and stress
	Translational efforts and interventions for prenatal mental health and stress

	Conclusions
	References


