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A B S T R A C T   

Research shows that a woman’s brain and body undergo drastic changes to support her transition to parenthood 
during the perinatal period. The presence of this plasticity suggests that mothers’ brains may be changed by their 
experiences. Exposure to severe stress may disrupt adaptive changes in the maternal brain and further impact the 
neural circuits of stress regulation and maternal motivation. Emerging literature of human mothers provides 
evidence that stressful experience, whether from the past or present environment, is associated with altered 
responses to infant cues in brain circuits that support maternal motivation, emotion regulation, and empathy. 
Interventions that reduce stress levels in mothers may reverse the negative impact of stress exposure on the 
maternal brain. Finally, outstanding questions regarding the timing, chronicity, types, and severity of stress 
exposure, as well as study design to identify the causal impact of stress, and the role of race/ethnicity are 
discussed.   

1. Introduction 

Pregnancy and new parenthood bring excitement and joy in devel
oping a close relationship with a new baby. During this period, a 
mother’s brain undergoes dynamic changes to support the important 
transition to providing care for a child (Brunton and Russell, 2008; Kim, 
2016; Lonstein et al., 2015; Numan and Insel, 2003). Brain plasticity is 
adaptive in terms of supporting this transition to parenthood, but may 
also increase a woman’s neural vulnerability to negative experiences 
such as exposure to severe stress. Beyond the typical demands associated 
with parenting, some mothers are exposed to severe stress in their en
vironments such as marital conflict, low income, or unsafe neighbor
hoods (Belsky and Jaffee, 2006; Crnic and Low, 2002; Kettinger et al., 
2000). Mothers also may have been abused or neglected in their child
hood, and this adverse early experience can compromise their ability to 
develop close emotional bonds with their children (Conger et al., 2003; 
Van Ijzendoorn, 1992). Recent studies suggest that these stressful ex
periences are associated with variations found in the maternal brain, 
which further influence parenting and the mother–child relationship 
(Azhari et al., 2019; Feldman et al., 2019; Kim et al., 2014; Levy et al., 
2019b; Olsavsky et al., 2019; Schechter et al., 2012). 

Stress that negatively influences mothers’ adjustment to parenthood 
can be categorized into three groups. First, early experiences of child 
neglect and abuse can compromise mothers’ mental health and 
parenting quality (Conger et al., 2003; Pears and Capaldi, 2001; Simons 

et al., 1991). This has been suggested as one of the pathways by which 
stress is transmitted across generations (Buss et al., 2017; Kaufman and 
Zigler, 1989). Second, environmental stress during the perinatal period 
such as exposure to violence, marital conflicts, and living in poverty 
presents significant burdens to mothers in managing their own negative 
emotions, and providing sensitive care for their children (Crnic and Low, 
2002; Goyal et al., 2010; Raver and Leadbeater, 1999). Third, there are 
relatively acute stressors that are more specifically associated with 
childbirth and parenting such as a difficult birth and parenting stress. 
These stressors that are specific to the perinatal experience have also 
been negatively related to mothers’ moods and their relationships with 
their children (Deater-Deckard, 2008; Simpson and Catling, 2016; 
Singer et al., 1999). 

A better understanding of the neurobiological mechanisms by which 
stress influences a mother’s transition to parenthood can inform current 
interventions and treatments for new mothers (Kim and Watamura, 
2015; Phu et al., 2020). Understanding the maternal brain is important 
not only for mothers but for the generations that follow because mothers 
play a critical role in supporting their children’s long-term health out
comes and life potentials (Bornstein, 2002). While reviews of non- 
human animal studies on the role of stress exposure in the maternal 
brain already exist (for example, please see Hillerer et al., 2012; Klampfl 
and Bosch, 2019; Slattery and Hillerer, 2016), such a review of studies 
with human mothers is relatively absent. 

The following is a review of the emerging literature on the role of 
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stress in human mothers’ brain adjustment during the perinatal period. 
First, I describe the normative changes in the maternal brain during 
pregnancy and the postpartum period. Second, I review current evidence 
for the associations between stress exposure and human maternal brain 
function. The current literature on the maternal brain focuses on 
childhood adversity, environmental stress, and childbirth- or parenting- 
specific stress. Third, I discuss potential neurobiological mechanisms by 
which stress influences brain adaptation to motherhood. Fourth, I re
view evidence suggesting that interventions to help mothers cope with 
stress may impact maternal brain responses to their children. Last, I 
discuss outstanding questions and implications for future studies such as 
timing, intensity, and types as well as a causality of stress effects. 

2. Neural adaptation to motherhood 

Since the earliest publication on human mothers’ brain responses to 
infant cues using functional magnetic resonance imaging (fMRI) in 2002 
(Lorberbaum et al., 2002), the number of neuroimaging studies of 
human mothers has rapidly increased. Several different neuroimaging 
methods including MRI (magnetic resonance imaging), fMRI (functional 
MRI), PET (positron emission tomography), MEG (magnetoencepha
lography), EEG (electroencephalogram), and fNIRS (functional near- 
infrared spectroscopy) have been used to understand the structural 
and functional basis of the maternal brain. The majority of work done 
with human mothers to date uses the MRI/fMRI method, but if a study 
has implemented a different method, it is noted throughout the paper. 

2.1. Structural plasticity 

Several longitudinal studies have revealed plasticity in brain struc
ture during before and after pregnancy and beyond. In a study of 24 first- 
time mothers, structural scans were performed twice - first before 
pregnancy, then at 2–3 months postpartum (Hoekzema et al., 2017). 
Reduction in grey matter volumes from the first scan to the second was 
observed in brain regions including the medial prefrontal cortex (PFC) 
and inferior frontal gyrus (IFG), superior temporal sulcus, precuneus, 
and fusiform gyrus (Hoekzema et al., 2017). These brain regions are 
involved in aspects of social cognition such as the theory of mind and 
perspective taking (Spreng et al., 2009; Van Overwalle, 2009; Van 
Overwalle and Baetens, 2009). A similar reduction in grey matter vol
ume was observed in the ventral striatum, a key reward and motivation 
region, among first-time mothers (Carmona et al., 2019). Interestingly, 
the greater the amount of structural reduction in these brain regions, the 
greater a mother’s functional brain response to pictures of her own in
fant postnatally (Hoekzema et al., 2017; Hoekzema et al., 2020). 

After a child’s birth, however, several studies have shown a wide
spread increase in brain structure in human mothers, at least during the 
first several months postpartum. In a study of 19 women, structural 
images of mothers’ brains were compared between 2–4 weeks and 
12–16 weeks postpartum (Kim et al., 2010a). Between these two time 
points, several large brain regions involved in maternal motivation 
exhibited increases in gray matter volume, including the striatum, 
amygdala, hypothalamus, and the substantia nigra (Kim et al., 2010a). 
Increases in gray matter volume were also observed in areas involved in 
sensory and social information processing, including the superior tem
poral gyrus, thalamus, and pre- and post-central gyri. Finally, the infe
rior and medial frontal gyri, insula, inferior parietal lobe, precuneus, as 
well as the anterior cingulate gyrus, regions that are associated with 
emotion regulation and empathy, also showed gray matter volume in
crease. Another longitudinal study of a separate cohort of 14 women 
examined changes in brain structure from the first two days after 
childbirth to 4–6 weeks postpartum (Luders et al., 2020). A significant 
increase in grey matter volume was observed in several brain regions 
that are largely overlapping with the brain regions identified in Kim 
et al. (2010). These brain regions include the striatum, thalamus, hy
pothalamus, the pre- and postcentral gyrus, superior parietal lobe, the 

temporal pole, middle and inferior frontal gyrus, inferior parietal lobe, 
and insula (Luders et al., 2020). Using the same sample, the researchers 
estimated changes in the brain age (i.e. anatomical correlates of aging in 
the brain) between the first few days and 4–6 weeks postpartum (Luders 
et al., 2018). The results suggest that the brains at 4–6 weeks postpartum 
were estimated to be 5 years younger than the brains right after the 
childbirth. Because the significant structural increase was also observed 
during the same postpartum period in the same sample (Luders et al., 
2020), the structural increase is likely to be associated with the decrease 
in the brain age among mothers (Luders et al., 2018). Together, the 
findings from these two studies show a structural increase in many 
maternal brain regions that are involved in parenting, from immediately 
after childbirth to 3–4 months postpartum. 

Another study reported the associations between postpartum months 
and greater cortical thickness during the first 6 months postpartum in 39 
mothers with relatively diverse socioeconomic backgrounds (Kim et al., 
2018a). While the two previously-mentioned studies included both first- 
time and multiparous mothers (those with previous children), this 
research included only first-time mothers (Kim et al., 2010a; Luders 
et al., 2020). The study did not use a longitudinal design, but found that 
later postpartum months were positively associated with cortical 
thickness in many of the same brain regions reported in Kim et al. (2010) 
and Luders et al (2020). These included the medial PFC, orbitofrontal 
gyrus, precentral gyrus, the middle temporal gyri, inferior parietal lobe, 
and fusiform gyri (Kim et al., 2018a). Furthermore, greater cortical 
thickness in the superior frontal gyrus including medial PFC and orbi
tofrontal gyrus was associated with a higher parental self-efficacy score 
(Kim et al., 2018a), which reflects a mother’s belief in her capacity to 
effectively manage parenting-related tasks (Teti and Gelfand, 1991). 

While it is not about brain structure, using an overlapping sample 
from Kim et al. (2018), a separate study examined the associations be
tween postpartum months and intrinsic functional connectivity (Dufford 
et al., 2019). Among 47 first-time mothers, later postpartum months 
were associated with an increase in resting-state functional connectivity 
of the amygdala with the anterior cingulate cortex, nucleus accumbens, 
and caudate (Dufford et al., 2019). Greater functional connectivity be
tween the amygdala and anterior cingulate cortex was further associated 
with more positive parenting behaviors – specifically, appropriate 
scaffolding during interactions with infants (Dufford et al., 2019). In 
contrast to the findings observed during pregnancy, these four studies 
conducted during the postpartum period showed no negative associa
tions between postpartum months and structural size or functional 
connectivity. 

MRI methods used across the studies above do not provide direct 
evidence of the cellular mechanisms of these structural changes. It has 
been speculated, however, that structural reduction is driven by drastic 
hormonal changes during pregnancy, whereas structural increase during 
the early postpartum period may be driven by both hormonal levels and 
experience-dependent plasticity. During pregnancy, levels of proges
terone and estradiol increase at an unparalleled rate (Brunton and 
Russell, 2008). There also is an increase in cortisol (or corticosterone in 
rodents). These kinds of hormonal changes have been associated with 
structural changes in the brain via reduced cell proliferation, dendritic 
remodeling, spine density, and astrocytic density (Pawluski et al., 2016). 
Hoekzema and colleagues have argued that the structural decrease 
during pregnancy is similar to the structural decrease during puberty 
that is driven in part by synaptic pruning and remodeling (Carmona 
et al., 2019; Hoekzema et al., 2017). In support of this speculation, 
similar patterns of structural decrease have been observed in first-time 
mothers during pregnancy and adolescent girls during two years of 
pubertal development (Carmona et al., 2019). As in adolescence, 
structural reorganization during pregnancy may be part of the normal 
developmental process of women’s brains that supports the efficiency of 
the brain network (Carmona et al., 2019). 

During the postpartum period, estrogen levels drop significantly 
while oxytocin and prolactin levels increase (Numan, 2020; Rosenblatt, 
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2002). Rodent studies demonstrated that elevated oxytocin and pro
lactin levels during the postpartum period have been associated with cell 
proliferation and increase in synaptic and dendritic densities in some of 
the brain regions that support maternal behaviors (Larsen and Grattan, 
2012; Leuner and Sabihi, 2016; Numan, 2020). During pregnancy and 
the postpartum period, cell proliferation in the hippocampus is sup
pressed but spine density increases (Pawluski et al., 2016). Rodent 
studies have also reported dendritic growth of pyramidal neurons in the 
medial PFC (Leuner et al., 2010; Leuner and Sabihi, 2016) and increased 
neurogenesis in the subventricular zone where proliferating cells 
migrate to the olfactory bulb (Larsen and Grattan, 2010). In addition to 
the structural changes related to hormones, structural increase may 
reflect experience-dependent plasticity. The maternal brain receives a 
rich array of visual, auditory and tactile cues from her infant during the 
postpartum period, which in turn activates the brain regions that are 
involved in parenting. Thus, high levels of interaction with the infant 
may structurally augment these brain areas (Lonstein et al., 2015). Last, 
while hormonal changes and input from the infant are considered to 
drive postpartum structural growth, some of the increase in human 
maternal brain structure may reflect recovery from structural reduction 
during pregnancy. In a study of 9 women, a reduction in total brain size 
was observed during pregnancy, but brain size was fully recovered at six 
weeks postpartum (Oatridge et al., 2002). 

It is unclear whether and how long structural growth during the 
postpartum period may last, and until there is a study that examines the 
morphological changes from before pregnancy to every few months 
during the postpartum period, we will not have a full understanding of 
changes in the maternal brain. It is worth noting that studies focused on 
the first few months postpartum found significant structural increase 
(Kim et al., 2010a, Luders et al., 2020, Kim et al., 2018a), while the 
study by Hoekzema et al. (2017) did not see an increase in brain 
structure from after pregnancy to a 2-year follow-up scan. Structural 
reduction in most of the identified brain regions remained after 2 years, 
but in the hippocampus, grey matter volume returned to the pre- 
pregnancy levels. One possibility is that after the early postpartum 
period, brain structure may be reduced again due to a decrease in hor
monal levels such as oxytocin, or the reduced amount of time spent with 
a child as a child becomes older. The hippocampus, in particular, is a 
region that maintains capability of generating new neurons throughout 
the lifespan, and non-human animal studies provide evidence that 
pregnancy and parity have been associated with later increases in cell 
proliferation in the hippocampus in response to hormone replacement in 
middle-aged females (Barha and Galea, 2011). 

Indeed, the complex relationships between pregnancy, parenthood 
and brain structure continue across lifespan. Recent studies that 
examine the associations between parity and brain structure in older 
women provide insight into the impact of pregnancy, childbirth, and 
parenting on women’s brain structure across the lifespan (Orchard et al., 
2020). In a sample of more than 10,000 middle-aged women, the 
number of childbirths was associated with fewer signs of brain aging, 
which also reflects greater brain structure for the age at the time of the 
scan (de Lange et al., 2019). In another large sample-size study of both 
middle- and older-aged women, parity was again associated with fewer 
signs of brain aging in specific brain regions including the accumbens, 
putamen, thalamus, hippocampus, and amygdala – key brain regions 
involved in maternal motivation (De Lange et al., 2020). In a study of 
220 healthy older-aged women, the number of children was associated 
with intrinsic functional connectivity patterns that were further asso
ciated with less age-related cognitive decline, again suggesting that 
motherhood can protect the brain from the negative impacts of aging 
(Orchard et al., 2020). Therefore, the evidence together suggests that 
maternal brain structure waxes and wanes throughout the lifespan, but 
more prospective studies with a wide time window will be critical to 
track the longitudinal changes in women’s brains due to pregnancy and 
motherhood. 

2.2. Functional plasticity 

Functionally, mothers’ brains exhibit heightened behavioral and 
neural sensitivity to infant cues (Barba-Müller et al., 2019; Barrett et al., 
2012; Cárdenas et al., 2019; Kim et al., 2016b; Kim and Strathearn, 
2016; Rutherford et al., 2018). During pregnancy, EEG rather than fMRI 
is typically used as a neuroimaging technique. Mothers’ greater behav
ioral attentional bias toward distressed infant faces during late preg
nancy is associated with more positive mother-infant relationships after 
the child’s birth (Pearson et al., 2011). Increased neural response to 
infant faces from the prenatal to postnatal periods is also prospectively 
associated with stronger emotional bonding between new mothers and 
their own infants (Dudek et al., 2020). This increased neural sensitivity 
to infant cues during pregnancy may support increased feelings of 
emotional attachment toward the fetus during late pregnancy (Levine 
et al., 2007). 

The postpartum period is when new mothers show an enhanced 
neural function to respond to their own infant’s cues, which are further 
associated with sensitive parenting (Atzil et al., 2011; Elmadih et al., 
2016; Kim et al., 2011a; Kim et al., 2015b; Musser et al., 2012; Wan 
et al., 2014). The following studies have used the fMRI neuroimaging 
technique. Several meta-analyses show that, across many studies, infant 
cues activate brain regions that comprise the mesocorticolimbic dopa
minergic reward/maternal motivation circuit including the midbrain 
(hypothalamus, ventral tegmental area, nucleus accumbens, and sub
stantia nigra) and the medial PFC, as well as the salience network 
including the amygdala, anterior insula, and the anterior cingulate 
cortex (Paul et al., 2019; Rigo et al., 2019b; Rocchetti et al., 2014). The 
brain networks are also critically involved in maternal motivation and 
parenting behaviors in other female mammals (Numan, 2012; Numan, 
2020), suggesting they may be the most evolutionarily conserved to 
support a basis of maternal behavior. 

While maternal motivation is critical, human parenting is a complex 
task, thus, also requires higher-order social and cognitive function 
(Corter and Fleming, 1990; Crandall et al., 2015; Lonstein et al., 2015). 
Therefore, across studies with human mothers, we see evidence that a 
wide network of cortical brain regions is activated by infant cues. New 
mothers exhibit enhanced neural activation in the emotion regulation 
and cognitive control circuit including the anterior cingulate cortex, and 
the medial and lateral PFC (Barrett and Fleming, 2011; Kim et al., 
2011b; Rutherford et al., 2015). Effective emotion regulation especially 
in the context of distressful interactions with a child is important for 
sensitive parenting (Hajal and Paley, 2020; Morelen et al., 2016; Shaffer 
and Obradović, 2017). PFC regions have strong functional connectivity 
to the amygdala, with the PFC acting to downregulate amygdala acti
vation in the case of threats and negative stimuli (Kalisch, 2009). This 
downregulation of the amygdala helps to reduce anxiety and negative 
emotions (Etkin et al., 2015; Ochsner et al., 2012). In addition to 
emotion regulation, PFC regions are involved in cognitive control and 
executive function (Braun et al., 2015; Braver, 2012; Kouneiher et al., 
2009). Thus, PFC activation among mothers is considered to also sup
port a wide range of planning and decision making for appropriate re
sponses to various infant cues (Krawczyk, 2002). 

In response to infant cues, new mothers exhibit increased neural 
activation in the sensorimotor areas and auditory and visual social and 
emotional information circuit which includes the precentral gyri, sup
plementary motor area, superior temporal gyrus, fusiform gyrus, oc
cipital lobe, and cerebellum (Bornstein et al., 2017; Witteman et al., 
2019). Activation of this circuit supports processing and sending sensory 
information to other brain networks as well as visually mapping the 
motor responses to infants (Rayson et al., 2017). Increased connectivity 
within and between the brain regions involved in motor-sensory- 
auditory networks has been observed in mothers over the postpartum 
period (Rutherford et al., 2019). 

Empathy is an important component of human parenting. There are 
two aspects of empathy: (1) emotional empathy refers to the ability to 
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share feelings that others feel and (2) cognitive empathy refers to the 
ability to understand what others feel and think. Cognitive empathy is 
characterized as social cognition, theory of mind, mentalizing, or 
perspective-taking (Shamay-Tsoory et al., 2009). Emotional empathy 
regions primarily include IFG, anterior insula, and ACC whereas 
cognitive empathy regions include the temporoparietal junction, the 
superior temporal sulcus, medial PFC including ventromedial PFC and 
dorsomedial PFC, frontopolar cortex and precuneus (Shamay-Tsoory 
et al., 2009; Yu and Chou, 2018). Both emotional and cognitive empathy 
is critically involved in sensitive caregiving, and increased activation in 
both networks is consistently observed in response to infant cues 
(Abraham et al., 2018; Hipwell et al., 2015; Ho et al., 2014). 

Generally speaking, increased activation and connectivity in and 
between the brain regions listed above are considered to indicate 
increased neural sensitivity to infant cues, and to support sensitive 
parenting behaviors (Abraham et al., 2016; Elmadih et al., 2016; Kim 
et al., 2015b; Wan et al., 2014). However, that assumption varies for 
certain brain regions, particularly the amygdala and insula. The amyg
dala is involved in both stress reactivity and reward processing (Feder 
et al., 2009). Therefore, depending on the context and its connectivity to 
other brain regions, increased amygdala response to infant cues can be 
associated with sensitive parenting but can also be associated with stress 
reactivity and intrusive parenting (Atzil et al., 2011; Kim et al., 2017a). 
The anterior insula is a key region involved in emotional empathy and a 
mother’s ability to share the experience of her child’s distress. There
fore, while too little activation in this region can indicate a lack of 
emotional empathy, too much activation can lead to too-high levels of 
distress in a mother, which can in turn compromise the mother’s ability 
to respond to her child’s distress (Li et al., 2018; Musser et al., 2012). 

Neuroimaging studies with human mothers typically use a paradigm 
that presents either visual cues, primarily an infant’s emotional faces, or 
auditory cues, primarily an infant’s cry sounds. The brain areas involved 
in processing sensory information such as thalamus and striatum and the 
empathy network such as insula and IFG are commonly activated by 
both auditory and visual infant cues. However, findings of several recent 
meta-analyses suggest differences in maternal brain responses to visual 
vs. auditory infant cues. One of the most noticeable differences is that 
visual cues more robustly activate reward processing regions such as the 
hypothalamus, ventral tegmental area, nucleus accumbens, and sub
stantia nigra (Rigo et al., 2019a; Rocchetti et al., 2014). Activation in 
these maternal motivation regions is particularly strong toward visual 
cues from one’s own infant compared to a control infant (Paul et al., 
2019; Rocchetti et al., 2014). In contrast, activation in the reward pro
cessing regions is not consistently observed in response to infant cry 
sounds. The most likely reason for this difference is that compared to 
visual cues, auditory cues elicit fewer differences in response to own vs. 
control child stimuli (Witteman et al., 2019). This may be due to the 
likelihood that it is easier to recognize one’s own visual infant cues 
compared to auditory cues. Because infant cry sounds are likely to 
convey more urgency than visual cues (Joosen et al., 2013), it may also 
be adaptive that the maternal brain has elevated sensitivity to infant cry 
sounds, regardless of the identity of the infant. 

Another reason why infant cry sounds do not elicit consistently 
strong responses in the brain’s reward areas can be that cry sounds are 
distressing, whereas visual cues can include both positive and distress
ing stimuli, such as smiling and crying faces. While visual child cues 
more robustly activate the reward and motivation regions in the brain, 
infant cry sounds more robustly activate brain regions involved in pro
cessing emotional auditory stimuli such as superior temporal gyrus and 
somatosensory and motor areas such as supplementary motor area and 
precentral gyrus (Rigo et al., 2019a; Witteman et al., 2019). In a study 
that included mothers from three different countries (US, Italy, China), 
increased responses to infant cry sounds in regions across several brain 
networks including the supplementary motor area and superior tem
poral gyrus were found among mothers across cultures (Bornstein et al., 
2017). Given the urgency that can be elicited by infant cry sounds, these 

sounds may strongly engage the brain circuits involved in mentalizing 
how to care for the distressed infant, which can lead to increased acti
vation in the brain regions involved in planning for complex movements 
(Bornstein et al., 2017; Witteman et al., 2019). 

3. How stress exposure is associated with brain adjustment to 
motherhood 

As mentioned earlier, there are three categories of stressful experi
ence that are linked to maternal brain outcomes: first, stress experienced 
in a mother’s own childhood which can have a long-term impact on her 
brain, second, psychosocial and environmental stress that are experi
enced during the perinatal period, and third, stressors specific to the 
perinatal period that are related to childbirth or parenting. Below I 
discuss existing studies that examine the question of how these stressful 
experiences are linked to mothers’ brain responses to infant cues. 
Table 1 summarizes the findings of the studies reviewed in this section. 

3.1. Childhood adversity 

New mothers’ parenting behaviors have been related to the trauma 
they experienced in their own childhoods (Belsky et al., 2005; van 
IJzendoorn et al., 1995). In both rodents and nonhuman primates, low- 
quality maternal care leads to reduced nurturing in the next generation 
(Maestripieri, 2005; Roth et al., 2009). In human mothers, childhood 
adversity has been assessed primarily based on mothers’ retrospective 
reports of childhood experience. A mother’s insecure attachment style 
that is assessed using the Adult Attachment Interview (George et al., 
1996) has also been considered to reflect negative childhood experience 
in close social relationships (Kim et al., 2014; Lyons-Ruth et al., 1999) 
and has been associated with a less nurturing parenting style for her own 
child (Iyengar et al., 2014; Van Ijzendoorn, 1995). 

Childhood adversity may lead to long-term structural changes in 
brain regions that are involved in empathy and social information pro
cessing. In 24 mothers with childhood maltreatment and 28 without that 
history, childhood maltreatment was associated with less behavioral 
maternal sensitivity while interacting with their children at ages 7–8 
(Mielke et al., 2016). In mothers with childhood maltreatment, maternal 
sensitivity was further associated with greater grey matter volume in the 
superior temporal sulcus and temporal pole, regions involved in cogni
tive empathy. On the other hand, in the control mothers, maternal 
sensitivity was associated with greater grey matter volume in the ante
rior insula, a region involved in emotional empathy (Mielke et al., 
2016). While emotional empathy is an important aspect of mothers’ 
relationships with children (Abraham et al., 2014), the findings suggest 
that mothers with childhood adversity may rely on cognitive empathy 
rather than emotional empathy in responding to their children. In 
another study of 22 neglectful and 22 control mothers of children at age 
2, mothers who were neglected in childhood and were neglectful of their 
own daughters had more disrupted interior fronto-temporo-occipital 
structural connectivity (Rodrigo et al., 2016). This connectivity is 
important for processing faces, therefore aberrant activity for face pro
cessing may contribute to neglectful parenting (Inmaculada et al., 
2019). 

Childhood adversity has also been associated with mothers’ altered 
functional responses to infant cues. In one study, 42 first-time mothers 
were asked about unresolved attachment-related trauma from their 
childhood (Kim et al., 2014). Mothers who reported unresolved trauma 
exhibited a more blunted amygdala response to their own infant’s 
distress images compared to happy images at 11 months postpartum. 
Mothers who did not report trauma exhibited the reverse of this brain 
response pattern (Kim et al., 2014). In a study of 45 first-time mothers at 
4 months postpartum, those who reported experiencing childhood 
neglect and maltreatment exhibited blunted amygdala response to in
fant images across emotionality (sad, happy and neutral faces) (Olsavsky 
et al., 2019). The discrepancies between these two studies may reflect 
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that the latter study did not include images of the mother’s own baby, 
thus the finding may reflect blunted amygdala responses to infant cues 
more generally. Mothers’ insecure attachment style has also been 
associated with reduced nucleus accumbens response to positive images 
of one’s own infant (Strathearn et al., 2009). These dampened neural 
responses in the amygdala and nucleus accumbens regions may reflect 
disrupted brain function in salience and reward processing. 

In addition to the blunted amygdala and nucleus accumbens re
sponses to infant images, first-time mothers who reported their own 
mothers to be less warm and caring have exhibited reduced activation in 
response to infant cry sounds in regions involved in the regulation of 
emotions and social information processing, including the superior 
frontal gyrus, the orbitofrontal gyrus, the superior and middle temporal 
gyri, and the fusiform gyrus (Kim et al., 2010b). However, in contrast to 
the reduced responses to infant cry sounds in the cortical regions, the 
hippocampus showed increased activation among the mothers who re
ported their own mothers to be less caring (Kim et al., 2010b). The 
hippocampus regulates HPA axis activity and the stress response 
(McEwen, 2001), and this finding may reflect higher distress in response 
to infant cry sounds among these mothers. Increased neural responses to 
infants’ distress cues have been found in other studies with mothers who 
report negative childhood experiences. In a study of 22 first-time 
mothers of 18-months-old infants, mothers who indicated emotional 
neglect in their own childhoods exhibited increased insula and anterior 
cingulate cortex responses to cry sounds from their own infant (Wright 
et al., 2016). The insula is activated by distress in others and is involved 
in both personal and empathetic distress (Zaki et al., 2012). Thus, 
negative childhood experiences may be related to a mother’s increased 
distress in response to her infant’s distressed cues. 

Poverty in childhood increases the likelihood of exposure to adver
sities such as violence, harsh parenting, and separations from family 
members (Bradley and Corwyn, 2002; Conger and Donnellan, 2007; 
Evans, 2004). In a small sample of young adult women who did not have 
children, childhood poverty was associated with increased brain 
response to baby cry sounds in the posterior insula, striatum, hippo
campus and fusiform gyrus compared to young adult women who were 
not exposed to poverty in childhood (Kim et al., 2015a). The increased 
brain response was further correlated with more negative emotional 
responses to infant cry sounds such as being annoyed (Kim et al., 2015a). 
In another study of 23 women without children, women with insecure 
attachment exhibited increased activation in several brain regions 
including the hippocampus and lateral IFG in response to infant images 
(Lenzi et al., 2013). On the other hand, women with secure attachment 
exhibited activation in brain regions associated with reward processing 
including medial PFC and striatum, and amygdala (Lenzi et al., 2013). 

Together, these findings suggest that overall childhood adversity is 
linked to increased brain responses to infant distress in the regions that 
regulate stress responses, but dampened brain responses to infants’ 
positive cues in the regions that detect salient and rewarding informa
tion. These brain response patterns may negatively influence a mother’s 
ability to manage her own negative emotions in response to her dis
tressed infant, and sensitively respond to her infant’s needs. 

Similar neural response patterns have been observed among mothers 
with older children. In a study of 22 mothers with a history of physical 
and/or sexual abuse and 25 control mothers with children ages 7 to 11, 
participants watched video clips of conflictual vs. pleasant interactions 
with their own child vs. an unfamiliar child (Neukel et al., 2018). While 
viewing conflictual interactions with their own child, mothers with a 
history of childhood abuse showed greater activation in several regions 
including the hippocampus, insula, supplementary motor area, and 
middle frontal gyrus, but no brain region responded more strongly to 
pleasant interactions. On the other hand, mothers without a history of 
childhood abuse showed greater activation in the same brain regions in 
response to pleasant interactions with their own child. 

In sum, the findings of these studies suggest a potential neural 
pathway by which adverse experience in childhood influences later 
parenting behaviors and may be transmitted intergenerationally 
(Table 1). This understanding can provide insight into intervention ef
forts for mothers who experienced childhood adversities by supporting 
them to reduce distressing feelings in response to difficult interactions 
with their children and to enhance positive feelings in parenting. 

3.2. Environmental stress 

Environmental stress such as poverty, marital conflicts, violence, and 
racism during pregnancy, the postpartum period, and beyond are sig
nificant risk factors for maternal mental health, as well as negative 
parenting (Abdou et al., 2010; Barnett, 2008; Crnic and Low, 2002; 
Raver and Leadbeater, 1999). While mothers who are exposed to these 
environmental risk factors are frequently targeted for interventions to 
reduce stress and improve parenting skills (Beeber et al., 2008; Miller 
et al., 2014; Morris et al., 2017; Olds et al., 2007), understanding of the 
mechanisms by which stress influences parenting quality remains rela
tively limited. 

One of the environmental stressors that has been examined in rela
tion to the maternal brain is poverty. Poverty environments are char
acterized as chaotic and unpredictable and are more likely to be 
accompanied by stressful conditions for pregnant women and new 
mothers (Braveman et al., 2010; Fell et al., 2004; Goyal et al., 2010; 
Rich-Edwards et al., 2006; Wells and Harris, 2007). In a study of 39 first- 

Table 1 
Brain networks and regions that support parenting in human mothers and changes in these brain networks that are associated with different types of stress exposure. 
The arrows indicate a direction of changes such as increased/decreased brain responses to infant cues or increased/decreased brain structure or brain-to-brain syn
chrony with own child. PFC = prefrontal cortex.  

Brain Network Brain Regions Childhood Adversity Environmental Stress Childbirth/Parenting Stress 

Maternal 
Motivation/ 
Reward 

hypothalamus, ventral tegmental area, nucleus 
accumbens, substantia nigra, striatum, medial PFC, 
orbitofrontal cortex 

↓ (positive and negative cues)  ↓ (parenting stress - positive and 
negative cues), ↓ (maternal cortisol - 
negative cues), 

Salience amygdala, anterior insula, anterior cingulate cortex ↓ (positive and negative cues) ↓ (positive cues), ↑ 
(negative cues)  

Stress Regulation hippocampus ↑ (negative cues)   
Emotional and 

Cognitive Control 
medial and lateral PFC, anterior cingulate cortex ↓ (negative cues) ↓ (negative cues) ↓ (brain-to-brain synchrony), ↓ 

(maternal cortisol - negative cues), 
Sensorimotor thalamus, precentral gyrus, supplementary motor 

area, superior temporal gyrus, fusiform gyrus, 
occipital lobe, cerebellum 

↑ (negative cues), ↑ (structural 
size), ↓ (structural 
connectivity) 

↓ (negative cues) ↑ (childbirth - positive and negative 
cues) 

Emotional Empathy inferior frontal gyrus, anterior insula, anterior 
cingulate cortex 

↑ (negative cues) ↓ (negative cues) ↑ (childbirth - positive and negative 
cues), ↓ (maternal cortisol - negative 
cues), 

Cognitive Empathy superior temporal sulcus, medial PFC, frontopolar 
cortex, precuneus 

↑ (structural size)  ↓ (parenting stress - negative cues)  
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time mothers in the first 6 months postpartum, low income was asso
ciated with differential amygdala sensitivity to infant emotional cues 
(Kim et al., 2017a). Mothers experiencing low income exhibited 
dampened amygdala response to happy infant cues but enhanced 
amygdala response to distressed infant cues. This enhanced amygdala 
response to distressed infant cues was further associated with more 
intrusive behaviors observed during mother-infant interactions at home 
(Kim et al., 2017a). The amygdala is involved in detecting salient social 
cues, so the increased amygdala response, particularly to happy infant 
cues, is considered important for sensitive parenting. However, in the 
context of a high stress environment, neural hypervigilance to distress 
cues among low income mothers may be adaptive for protecting infants 
from potential threats. Because intrusive parenting behaviors tend to be 
associated with more negative infant outcomes including risks for mood 
disorders (Feldman et al., 2009; Smith and Pederson, 1988), long-term 
follow-up work is needed to examine whether the neural responses to 
negative infant faces and intrusive parenting behaviors among low- 
income mothers can be prospectively linked to infants’ developmental 
outcomes at a later age. 

In an overlapping sample with the previous study (Kim et al., 2016a), 
low income was associated with decreased neural responses to infant cry 
sounds in the medial and lateral PFC (Kim et al., 2016a). Supporting the 
hypothesis that psychological stress associated with the experience of 
living in poverty can contribute to differences in neural response, the 
associations between income and lateral PFC response to infant cry 
sounds were mediated by increased levels of perceived stress reported by 
new mothers (Kim et al., 2016a). Among many other functions, the 
lateral PFC is involved in emotional and cognitive controls, thus reduced 
PFC activation in response to emotional cues can be associated with 
difficulties in managing mothers’ own emotions, as similar neural pat
terns are observed in other populations with mood dysregulation (Kim 
et al., 2016a). In a follow-up study of 53 first-time mothers, a range of 
socioeconomic, physical environmental, and psychosocial stressors e.g. 
low income, financial stress, substandard housing, crowding at home, 
marital dissatisfaction, and violence were assessed (Kim et al., 2020). A 
higher number of stressors was associated with dampened brain re
sponses to infant cry sounds in the insula, IFG, and superior temporal 
gyrus. Thus, there is evidence that exposure to poverty and other envi
ronmental stress during the postpartum period is associated with 
dampened brain responses to negative infant cues in brain regions that 
are involved in empathy and emotion regulation, which can negatively 
influence mothers’ ability to respond to their infants appropriately. 
Indeed, the reduced brain response to infant cry sounds was further 
associated with lower maternal sensitivity in mothers (Kim et al., 2020). 

Mothers who experience other severely stressful experiences have 
been shown to exhibit patterns of brain activation similar to those who 
experience poverty. Mothers exhibited greater activation in limbic re
gions including the amygdala and reduced brain activation in the PFC 
(the superior frontal gyrus) while seeing their own children at ages 
12–42 months distressed during separation (Schechter et al., 2012). The 
perceived stress levels in response to separation from their children was 
further associated with reduced PFC activation (Schechter et al., 2012). 
In another study using MEG and including mothers with older children, 
mothers who were living in a war zone exhibited a lack of the brain 
response associated with empathy to other’s pain (Levy et al., 2019b). 
While the study did not include child cues, the reduced brain response to 
others’ pain was further associated with less sensitivity in mothers’ in
teractions with their adolescent children (Levy et al., 2019b). 

Taken together, these findings provide evidence for the potential 
neural mechanisms by which exposure to severe stress can negatively 
influence parenting quality (Table 1). The findings provide support for 
the prevention and intervention approaches that target mothers who are 
exposed to severe stress. Moreover, they suggest that stress exposure 
may impact maternal brain activations that are important for empathy 
and emotion regulation, thus mothers may need support for under
standing their children’s feelings and thoughts as well as help to address 

difficulties in regulating their own negative emotions, particularly in 
response to negative child cues. 

3.3. Stress in the context of child-birth and parenting 

Preterm birth and associated hospitalization of preterm infants can 
be a traumatic experience for mothers (Hynan et al., 2013). Having a 
preterm infant is a risk factor for maternal depressive symptoms, higher 
levels of parenting stress, and more intrusive parenting behaviors (Bilgin 
and Wolke, 2015; Chertok et al., 2014; Greene et al., 2015; Neri et al., 
2015). In a study at 3 months of infant age (corrected for gestational age 
for preterm infants), 10 first-time mothers of preterm infants and 11 
first-time mothers of full-term infants viewed happy, neutral, and dis
tressed images of their own and control infants (Montirosso et al., 2017). 
Preterm infant mothers showed greater activation in brain regions 
including the IFG in response to both distressed and happy faces, and the 
insula in response to their own infant’s happy faces compared to full- 
term infant mothers. The increased brain responses to positive infant 
faces among preterm infant mothers appear to be opposite from the 
findings associated with other types of stress. One interpretation is that 
the greater neural responses in preterm mothers indicate the mother’s 
enhanced attention and effort to understand her infant’s emotional cues 
(Montirosso et al., 2017). Elevated neural activation may be necessary, 
as studies suggest that preterm infants are less responsive to social cues, 
which provides more challenges for mothers to read their cues appro
priately (Bozzette, 2007). 

Another related interpretation is that preterm infants’ cry sounds 
may have atypical characteristics that require additional neural pro
cessing (Friedman et al., 1982). Infant cues that are more aversive than 
the normal range or are difficult to interpret can be associated with 
elevated brain responses, which reflect increased mental efforts to un
derstand the cues. For example, during their first year, autistic children 
have atypical cry sounds that are perceived to be more aversive by both 
parents and non-parents (Venuti et al., 2012). Compared to typically 
developing infants’ cry sounds, autistic infants’ cry sounds elicit greater 
brain responses in the superior temporal gyrus, insula, IFG, and supra
marginal gyrus, regions that are involved in social and emotional in
formation processing (Venuti et al., 2012). Thus, preterm infants may 
require a similarly heightened level of information processing and 
attention in the brains of their mothers. 

In addition to preterm birth, other difficult birth experiences and 
related trauma (McDonald et al., 2011; Molloy et al., 2020), as well as 
difficult infant temperament (Mills-Koonce et al., 2007; Oddi et al., 
2013), can negatively influence a mother’s mental health and parenting. 
Exploration of the impact of these factors on the maternal brain remains 
very limited. In one pilot study of 8 mothers, higher amygdala activation 
during recall of childbirth-related trauma was associated with less pos
itive parenting behaviors (Berman et al., 2020). Neural and emotional 
reactivity to trauma may increase mothers’ difficulties in developing 
positive bonds with their infants. 

Parenting stress refers to physiological and psychological reactions 
to the demands, stress, and challenges arising from caring for a child 
(Deater-Deckard, 2008). While a certain level of parenting stress is 
considered normal, high levels suggest difficulties in adjusting to 
parenthood, and have been associated with negative maternal outcomes 
such as maternal depression and harsh parenting styles (Deater-Deck
ard, 2008; Rutherford and Mayes, 2019). Parenting stress has been 
associated with reduced orbitofrontal gyrus activation in first-time 
mothers watching videos of their 2–3 year-old child’s feeding 
behavior (Noriuchi et al., 2019). Parenting stress was also associated 
with reduced amygdala responses to positive facial expressions from 
one’s own infant vs. a control infant at 3 months postpartum (Barrett 
et al., 2012). Thus, parenting stress was associated with dampened re
sponses to one’s own infant in the brain regions that are part of the 
reward and motivation circuits. 

Parenting stress can further impact neural synchrony between 
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mothers and children. Brain-to-brain synchrony is a measure of the 
temporal correlation between brain activations in two or more people 
and is considered to reflect the attunement of the emotional, social, and 
physiological states of another person (Hasson et al., 2012; Reindl et al., 
2018). Thus, brain-to-brain synchrony has been proposed as an under
lying neural mechanism for behavioral synchrony between mothers and 
their children, which plays an important role in a child’s positive 
development (Bell, 2020; Reindl et al., 2018). A recent study assessed 
brain-to-brain synchrony between mothers and their children at ages 
3–4 and its association with parenting stress using fNIRS (Azhari et al., 
2019). A total of 31 mother–child dyads viewed movie clips together 
while their PFC activations were recorded. Higher parenting stress re
ported by mothers was associated with reduced brain-to-brain syn
chrony between mothers and children in brain regions including the IFG 
and dorsolateral PFC. The results indicate that mothers who report high 
levels of parentings stress exhibit brain activation that is less synchro
nized with their children, potentially due to their difficulties in regu
lating their own emotions and less attunement to their children’s 
emotions during interactions (Azhari et al., 2019). 

Most neuroimaging studies with human mothers have assessed stress 
based on maternal report. However, one study directly measured HPA 
axis reactivity to a stressful situation and its association with maternal 
brain responses to infants (Laurent et al., 2011). Cortisol reactivity to a 
stressful situation in the context of parenting (i.e. the Strange Situation 
that includes separation and reunion between mothers and children) 
was assessed among 22 first-time mothers of infants ages 15–18 months 
(Laurent et al., 2011). Greater cortisol reactivity was associated with 
reduced responses to a mother’s own infant’s cry sounds in the brain 
regions that are involved in maternal motivation, empathy, and emotion 
regulation including the thalamus, striatum, orbitofrontal gyrus, medial 
PFC, anterior cingulate cortex and insula. 

In sum, studies that examined the impact of stressful experience on 
maternal brain activity suggest different patterns of brain responses to 
children depending on the type of stress (Table 1). For distress and 
difficulties that are caused by the nature of infant cues, mothers 
exhibited increased brain responses that reflect enhanced efforts to 
process and understand those cues (Montirosso et al., 2017). However, 
stress that mothers feel in the context of parenting was generally asso
ciated with dampened brain responses to both their infants’ positive and 
negative cues (Barrett et al., 2012; Noriuchi et al., 2019). Furthermore, a 
mother’s physical stress regulation as assessed by cortisol reactivity to a 
stressful situation was associated with reduced brain responses to her 
own infant’s cry (Laurent et al., 2011). The findings highlight the 
importance of supporting mothers who have infants with developmental 
delays or difficult temperaments. Moreover, while parenting is stressful 
from time to time, an atypical range of parenting stress and physiolog
ical stress reactivity should receive more attention, as they may limit 
parenting capacity via changes in the brain responses to infant cues. 

4. Neurobiological mechanisms by which stress exposure 
impacts maternal brain adaptation 

Due to the correlational nature of human mother studies, under
standing of the neurobiological mechanisms by which stress impacts the 
maternal brain is primarily based on non-human animal studies. Non- 
human animal studies have investigated what happens in the maternal 
brain when a mother experiences severe stress during pregnancy and/or 
the postpartum period. Compared to acute stress exposure, chronic and 
repeated exposure, particularly multiple types, and unpredictable 
exposure to stress more reliably elicit anxious or depressive-like be
haviors in rodents (Antoniuk et al., 2019; Gururajan et al., 2019) and 
impair maternal neural adaptation and behaviors (Hillerer et al., 2011; 
Slattery and Hillerer, 2016). Paradigms that use social stress such as 
social defeat, the resident-intruder paradigm (Klampfl et al., 2018), 
social instability (rotating periods of social isolation and overcrowding), 
and frequent housing mobility (Brunton, 2013; Gururajan et al., 2019; 

Haim et al., 2014; Hillerer et al., 2011) have particularly significant 
impacts on maternal behaviors. Providing limited materials to build a 
nest, similar to material deprivation or poverty in humans, has also led 
to impaired maternal behaviors in rodents (Gallo et al., 2019; Moussaoui 
et al., 2016; Perry et al., 2018) and further impacts on offspring out
comes (Walker et al., 2017). To study the impact of early adversity, 
variations in maternal care such as low vs. high licking and grooming 
behaviors, maternal deprivation, and prolonged maternal separation 
(Champagne et al., 2003; Gonzalez and Fleming, 2002; Lovic et al., 
2001) have been used in rodent models. 

The research using these paradigms provides robust evidence for the 
causal relationships between stress exposure, the maternal brain, and 
suboptimal parenting behaviors (Bosch et al., 2007; Hillerer et al., 2012; 
Klampfl and Bosch, 2019; Slattery and Hillerer, 2016; Zoubovsky et al., 
2020). Stress impacts maternal brain adaptation in multiple ways. Below 
I review some of the potential mechanisms by which stress – first, stress 
exposure during the perinatal period, and second, childhood stress - 
impact the maternal brain. 

4.1. Impact of stress on the neurobiological system of emotion regulation 

Stress exposure at any point in the lifespan impacts brain structure 
and function in both non-human animals and humans. Brain regions that 
are particularly important in the context of stress exposure are the 
amygdala, hippocampus, and prefrontal cortex (McEwen et al., 2016). 
Among many functions that the regions have, these brain regions are 
involved in the regulation of the hypothalamic–pituitaryadrenal (HPA) 
axis. When an individual perceives actual or anticipated threats, the 
amygdala signals the paraventricular nucleus of the hypothalamus 
which then activates the HPA axis, which then triggers corticotropin- 
releasing factor (CRF), adrenocorticotropic hormone (ACTH) and glu
cocorticoids (Rodrigues et al., 2009). While the amygdala rapidly acti
vates the HPA axis, the hippocampus plays a regulatory role by 
providing negative feedback control and decreasing glucocorticoid 
secretion (Jacobson and Sapolsky, 1991; McEwen, 2001). This in turn 
leads to recovery of the HPA axis activation to baseline. PFC activation 
has an effect of suppressing amygdala activation, which in turn can 
inhibit the HPA axis response (Kalisch et al., 2006; Radley et al., 2006; 
Sullivan and Gratton, 2002). However, severe and chronic exposure to 
stress such as the environmental stress reviewed earlier impairs the 
microstructure, function, and connectivity of these brain regions due to 
elevated glucocorticoid levels, suppressed neuronal proliferation, and 
reduced dendritic spine density (Davidson and McEwen, 2012; McEwen, 
2001; Tottenham and Sheridan, 2010). The alteration in these brain 
regions can lead to difficulties in regulating negative emotions such as 
elevated levels of anxiety and depressive mood (Gianaros et al., 2008; 
Gianaros et al., 2011; Lupien et al., 2009; Taylor et al., 2006). 

Pregnancy and the postpartum period are unique in that there are 
drastic changes in how the HPA axis is regulated to support pregnancy 
and parenting (Brunton and Russell, 2008; Brunton et al., 2008). In 
human mothers, placental corticotropin-releasing hormone (CRH) and 
cortisol levels increase drastically during pregnancy as the high levels of 
cortisol concentration support normal fetal growth and the maintenance 
of pregnancy (Almanza-Sepulveda et al., 2020; Dickens and Pawluski, 
2018). Despite the higher cortisol levels, pregnancy and lactation have 
been linked to highly dampened HPA axis reactivity to acute stressors in 
rodents and humans (Altemus et al., 2001; Klampfl and Bosch, 2019; 
Neumann et al., 1998; Schulte et al., 1990). The suppression of HPA 
reactivity to stress is considered to be an adaptive mechanism to protect 
the fetus from adverse programming by maternal stress and increased 
corticosterone levels (Brunton and Russell, 2008; Hillerer et al., 2014; 
Lonstein et al., 2014). 

However, in the context of severe stress, this adaptive suppression of 
cortisol reactivity may not occur. As a result, women may have high 
levels of cortisol in their system which may present a risk for both 
mothers themselves and their fetus/infant development (Seth et al., 
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2016). For example, stress exposure leads to HPA axis dysregulation, 
indicated by a high concentration of corticosterone and upregulation in 
the CRF system in the maternal brain of rodents (Bosch et al., 2007; 
Herzog et al., 2009; Hillerer et al., 2012; Hillerer et al., 2011). HPA axis 
dysregulation leads to impaired maternal behaviors such as decreased 
time spent on nursing and more time away from the nest (Brummelte 
and Galea, 2010). In primates, high cortisol levels lead to neglectful 
maternal behaviors (Bahr et al., 1998; Klampfl and Bosch, 2019). The 
high concentration of corticosterone leads to morphological and func
tional alterations in the brain such as decreased dendritic remodeling in 
the hippocampus (Pawluski et al., 2016) and reduced dendritic spine 
density in the medial PFC in the maternal brain (Leuner et al., 2014; 
Sabihi et al., 2014). 

As part of normative changes in the maternal brain, oxytocin and 
prolactin levels increase during late pregnancy and the postpartum 
period (Brunton and Meddle, 2011; Levine et al., 2007; Numan, 2020). 
The oxytocin and prolactin system contribute to reducing the HPA axis 
activity. Both oxytocin and prolactin have an anxiolytic effect and are 
involved in the blunted reactivity to acute stressors in the HPA axis as 
well as in the brain such as the amygdala (Bosch and Neumann, 2012; 
Kirsch et al., 2005; Slattery and Neumann, 2008; Torner and Neumann, 
2002; Torner et al., 2001). Thus, while the oxytocin and prolactin sys
tems are important to protect the maternal brain from the negative 
impact of stress, exposure to chronic stress can disrupt the adaptive 
changes in the oxytocin and prolactin systems and reduces the anxiolytic 
effect of these hormones in the brain (Hillerer et al., 2011; Torner, 
2016). Furthermore, another system that chronic stress can influence is 
the central serotonergic system which is involved in mood regulation 
(Canli and Lesch, 2007). Pregnancy and postpartum stress impact the 
maternal central serotonin system, such as increased serotonin and 
reduced serotonin 1A receptor expressions in the PFC and hippocampus 
(Lonstein, 2019; Pawluski et al., 2019). 

The neurobiological mechanisms by which stress exposure can 
impact the brain and neuroendocrine systems that regulate stress 
responsiveness provide insight into how mood dysregulation such as 
high depressive mood or anxiety symptoms can increase risks for sub
optimal parenting quality (Nguyen et al., 2019; O’Hara and McCabe, 
2013; Pawluski et al., 2017). The perinatal period is when risks for 
maternal depression and anxiety disorders significantly increase (Goyal 
et al., 2010; Segre et al., 2007). Increased symptoms of maternal anxiety 
and depression are closely linked to the experience of stress including 
childhood and current adversity and parenting stress (Goyal et al., 2010; 
Guintivano et al., 2017; Leach et al., 2017; Thomason et al., 2014). 
Depression and anxiety disorders as well as increased symptoms during 
the postpartum period have been further associated with altered neural 
responses to infant cues (Bjertrup et al., 2019; Pawluski et al., 2017). 
Although there are exceptions (Wonch et al., 2015), depressed mothers 
exhibit dampened PFC activity in response to cry sounds from their own 
infant (Laurent and Ablow, 2011) and reduced orbitofrontal cortex and 
precuneus in response to infant images (Lenzi et al., 2016), and mothers 
with higher depressive symptoms also show reduced connectivity be
tween the amygdala and nucleus accumbens in response to infant cry 
sounds (Ho and Swain, 2017). Anxiety symptoms have also been asso
ciated with reduced amygdala responses to images of one’s own infant 
(Barrett et al., 2012). These neural patterns overlap with the overall 
neural patterns associated with stress exposure reviewed in this paper. 
Thus, negative maternal mood and anxiety that are impacted by dis
rupted brain adaptation during the perinatal period may mediate the 
link between stress exposure and parenting behaviors. However, in 
human mothers, little is known about the links between stress exposure 
and brain responses to infant cues among mothers with mood or anxiety 
disorders, thus future work is needed. 

In sum, during pregnancy and the postpartum period, the maternal 
brain has an adaptive process of HPA axis hyporeactivity to stress. 
However, exposure to severe stress can disrupt this adaptive process and 
lead to HPA axis dysregulation and morphological and functional 

impairment in the brain regions that are involved in stress and emotion 
regulation including the amygdala, hippocampus, and PFC. Changes in 
the HPA axis system and brain system due to stress exposure can lead to 
heightened risks for mood dysregulation such as depression and anxiety, 
and further impaired maternal behaviors. 

4.2. Impact of stress on the neurobiological system of maternal motivation 

The expression of oxytocin receptors is another mechanism by which 
stress impacts the maternal brain. Under normal circumstances, 
oxytocin receptor expression is upregulated in the midbrain and stria
tum of pregnant dams (Numan, 2012; Numan, 2020). As discussed 
earlier, the midbrain and striatum are parts of the mesocorticolimbic 
dopamine pathway that are critically involved in caregiving motivation 
in non-human animal and human mothers (Ferris et al., 2005; Numan 
and Insel, 2003; Strathearn et al., 2008; Swain et al., 2011). In dams, 
upregulated oxytocin receptor expression sensitizes these brain regions 
to support the onset of maternal behaviors as soon as pups arrive. (Bell 
et al., 2014; Pedersen et al., 1994; Russell and Leng, 1998). After 
parturition, pup cues strongly activate the oxytocin system in the brain, 
which leads to increased neural sensitivity to the cues. However, pre
natal stress leads to reduced oxytocin receptor expression in the meso
corticolimbic dopamine pathway (Haim et al., 2014; Hillerer et al., 
2011), which in turn leads to reduced maternal behaviors during the 
postpartum period (Herzog et al., 2009; Hillerer et al., 2011; Smith et al., 
2004). 

Human mothers also show an increase in oxytocin levels during 
pregnancy and before and after interaction with their own infants during 
the postpartum period (Feldman et al., 2010; Gordon et al., 2010a,b; 
Levine et al., 2007). Higher levels of oxytocin during late pregnancy 
have been associated with a stronger emotional attachment of mothers 
with their infants (Levine et al., 2007). Higher oxytocin levels have also 
been associated with greater brain responses to mothers’ own infants in 
key brain regions for sensitive parenting including the amygdala, nu
cleus accumbens, insula, anterior cingulate gyrus, inferior parietal 
lobule and superior temporal gyrus in mothers (Atzil et al., 2012). 
However, mothers’ insecure attachment, which may reflect childhood 
stress, has been associated with lower oxytocin levels (Strathearn et al., 
2009). The lower oxytocin levels were further associated with reduced 
responses to mothers’ own infant images in the ventral striatum and 
nucleus accumbens, a part of the mesocorticolimbic dopamine pathway 
(Strathearn et al., 2009). 

4.3. Impact of early life stress on the neural system of emotion regulation 
and maternal motivation 

Exposure to stress as early as the prenatal period can influence the 
neural system that later supports maternal behaviors. Prenatal stress 
disrupts the development of hypothalamic and dopaminergic circuits in 
the fetal brain (Champagne and Curley, 2016). An increase in estrogen 
during pregnancy stimulates the release of oxytocin and prolactin and is 
important in priming the medial preoptic area of the hypothalamus 
(MPOA) that is critically involved in maternal motivation (Numan, 
2020; Numan and Insel, 2003). Infant cues stimulate MPOA projections 
to the ventral tegmental area, a key region of the mesolimbic dopamine 
system. Activation in mesolimbic dopamine neurons from the ventral 
tegmental area to the nucleus accumbens, as well as dopamine release in 
the nucleus accumbens and subsequent brain areas in the mesolimbic 
dopaminergic pathway, support maternal motivation and behaviors 
(Numan, 2020; Numan and Insel, 2003). Lower levels of estrogen, 
reduced estrogen receptors in the MPOA, as well as altered expressions 
of transcription factors involved in dopaminergic neurons are detected 
in prenatally stressed female offspring (Champagne and Curley, 2016). 

Postnatally, abusive and less nurturing parenting behaviors lead to 
reduced expression of estrogen receptors in the MPOA via epigenetic 
mechanisms, which further impairs parenting behaviors in female 
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offspring in their adulthood (Peña et al., 2012; Peña et al., 2013). 
Adversity such as prolonged maternal separation has also been shown to 
reduce estrogen receptors and oxytocin receptors in the brain (Stama
takis et al., 2015). Exposure to low-quality parenting also influences the 
maternal brain’s dopaminergic system. Early adversity such as lower 
levels of licking and grooming from mothers or maternal deprivation 
lead to reduced dopaminergic neuron projections from the ventral 
tegmental area and reduced dopaminergic levels induced by pups in the 
nucleus accumbens (Afonso et al., 2011; Peña et al., 2014). 

In addition to the impact on the maternal motivation neural circuit, 
childhood adversity also impacts the brain system that regulates the 
HPA axis. Low quality maternal care such as low licking and grooming in 
rodents leads to increased glucocorticoid receptor expression which in 
turn leads to lower levels of glucocorticoid in the hippocampus (Meaney, 
2010; Weaver et al., 2004). This disrupts the negative feedback loop of 
the HPA axis system which leads to chronically high levels of cortico
sterone in rodents (Meaney, 2010; Weaver et al., 2004). Chronically 
high glucocorticoid levels impair the brain system that underlies stress 
reactivity and regulation through the mechanisms I explained earlier. In 
humans, early adversity such as maternal deprivation has a long-term 
impact on the brain including higher reactivity to threats in the amyg
dala and ineffective regulation of the amygdala activation by the PFC 
(Gee et al., 2013; Tottenham and Sheridan, 2009). Moreover, prenatally 
stressed female offspring do not exhibit normative adaptations in terms 
of dampened stress responsiveness during pregnancy (Bosch et al., 
2007). These findings present evidence that childhood stress starting 
from the prenatal period can disrupt later normative adaptation in the 
maternal brain for both stress regulation and maternal motivation. 

5. Mitigating the impact of stress exposure on the maternal 
brain 

The increase in neural plasticity during pregnancy and the early 
postpartum period suggests that the brain is susceptible to not only 
negative experiences such as stress, but also positive experiences during 
this time. Moreover, this time period is when women express higher 
levels of motivation for positive health behaviors such as lower rates of 
substance use (Hotham et al., 2008). Thus, the perinatal period has been 
identified as an important opportunity for interventions involving both 
neural and behavioral modifications that can have positive impacts on 
mothers and their infants (Glynn et al., 2018; Kim and Watamura, 2015; 
Saxbe et al., 2018). 

Recent findings from intervention studies suggest the positive role of 
reduced psychological stress on mothers’ brain responses to infants, as 
well as their parenting behaviors. Mothers participated in a “Mom 
Power” intervention that focused on parenting skills as well as self-care 
and emotion regulation skills (Muzik et al., 2015). In response to infant 
cry sounds, among mothers who received an intervention and had young 
children at age around 2, decreased psychological stress was associated 
with enhanced functional connectivity between the amygdala and 
temporal pole as well as subgenual anterior cingulate cortex and pre
cuneus, regions that are involved in self-reflective functions and mood 
regulation (Swain et al., 2017). In another study, low-income mothers of 
children age four or younger participated in an intervention called 
Filming Interactions to Nurture Development (FIND), a video coaching 
program to improve parenting behaviors (Fisher et al., 2016). The 
intervention was associated with increased PFC and insula activation 
during inhibitory control (Giuliani et al., 2019). Inhibitory control 
supports cognitive functioning and decision making, which are impor
tant aspects of parenting (Giuliani et al., 2019). 

The work of examining the impact of the interventions on the 
maternal brain is currently very limited, and much more work is needed. 
Breastfeeding has been linked to reduced reactivity to stress and more 
positive mood states (Heinrichs et al., 2001; Mezzacappa and Katlin, 
2002; Mezzacappa et al., 2005). Breastfeeding has also been associated 
with elevated brain response to infant cry sounds among first-time new 

mothers (Kim et al., 2011a). However, mothers who are exposed to high 
levels of environmental stress less likely to breastfeed and more likely to 
terminate breastfeeding early (Maleki-Saghooni et al., 2017). This may 
be related to the finding that psychological stress can lead to reduced 
breastmilk production and more difficulties in nursing (Chatterton et al., 
2000; Farideh Bastani et al., 2008). Skin to skin contact, particularly 
with preterm infants, has also been associated with increased oxytocin 
levels, which can promote deeper emotional bonds with mothers who 
are in stressful conditions (Cong et al., 2015; Feldman, 2007). Other 
interventions including cognitive behavioral stress management and 
mindfulness-based programs have also been related to reduction in 
psychological stress and negative mood, and reduced cortisol levels 
among mothers (Urizar and Muñoz, 2011; Vieten and Astin, 2008). The 
positive effects of interventions to support breastfeeding, skin-to-skin 
contact, and emotion regulation skills may be based in part on 
changes in mothers’ brains, and future studies are needed to confirm this 
hypothesis. 

In addition to interventions, it is important to consider social policies 
that support a mother’s transition to parenthood. Paid parental leave 
reduces stress among new mothers and has positive impacts on maternal 
and infant health (Isaacs et al., 2017; Jou et al., 2018). However, ac
cording to 2018 data from the Organization for Economic Cooperation 
and Development (OECD), of 41 countries, the US alone had no policy 
mandating paid leave for new parents (Livingston and Thomas, 2019, 
December 16). Moreover, mothers who are single and low-income 
experience the greatest decrease in income after the child’s birth, 
which can put them in more stressful environments (Stanczyk, 2016). 
Therefore, it is imperative to consider changes in policies to support the 
financial, psychological, and physical well-being of new mothers, which 
can help prevent their exposure to severe levels of stress and empower 
them to provide supportive environments for their children. 

6. Looking ahead – Outstanding questions 

Evidence for the role of stress exposure on the human maternal brain 
is still scarce, and much more research is needed to support a detailed 
understanding. In this section, I discuss directions that can advance our 
knowledge of the role of stress in maternal brain adaption, and inform 
prevention and intervention efforts to support mothers who are exposed 
to stress. 

Several important aspects of stress exposure need to be studied in 
more depth. First, little is known about when a human mother’s brain is 
most vulnerable to stress exposure. It is generally considered that when 
the brain is rapidly developing and highly plastic, the brain is also more 
susceptible to stress and adversities (Dunn et al., 2019; Hertzman and 
Boyce, 2010; Lupien et al., 2009; Nelson Iii et al., 2019; Tottenham, 
2020). For the maternal brain, there is evidence that stress starting from 
the woman’s own prenatal period impacts later maternal brain function 
(Champagne and Curley, 2016). The brain is also highly plastic during 
pregnancy and the postpartum period, which can lead to high vulnera
bility to stress (Hillerer et al., 2014; Pawluski et al., 2016). Exposure to 
stress at different timing in life may have different impacts on maternal 
brain function. In this review, childhood adversity seems to have a 
greater impact on the hippocampus the brain region that is involved in 
the HPA axis regulation and on the midbrain regions that are involved in 
maternal motivation compared to concurrent environmental stress 
(Table 1). Childhood adversity was also associated with dampened 
amygdala response to both positive and negative infant cues (Table 1) 
which may reflect a more severe impact of childhood adversity on the 
amygdala compared to concurrent environmental stress in mothers. 

However, one of the main challenges to delineating the separate 
effects of stress exposure at different time points in human mothers is 
that psychosocial and environmental stress tends to be chronic (Evans 
and Kim, 2010; Kim et al., 2018b). Thus, a significant percentage of 
mothers who have experienced childhood adversity are at risk of being 
exposed to stress such as poverty or interpersonal violence during the 
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perinatal period as well (Mahenge et al., 2018; Mersky and Janczewski, 
2018; Mezey et al., 2005). Chronic and repeated exposure to stress, 
compared to acute and short-term exposure, can lead to more significant 
injures in brain morphology and function (Lupien et al., 2018; McEwen, 
2012). Thus, stress may impact the maternal brain in a complex way 
based on both timing and chronicity. A better understanding of the 
relative impact of stress exposure during different time points and du
rations will be highly informative to prevention and intervention efforts. 
With the information, we can consider investing more in prevention and 
intervention strategies that target time periods when stress exposure is 
most likely to lead to short- and long-term impacts on mothers’ brains. 
Also, the understanding of the accumulative impact of stress will help to 
identify mothers who are chronically exposed to stress, thus are more 
vulnerable to the negative brain and perinatal outcomes. 

In addition to the timing and chronicity, the severity of stress is 
another aspect that is not well understood. As discussed earlier, non- 
human animal studies suggest that the normal range of stress provides 
protective mechanisms for mothers such as blunted stress reactivity, 
however, exposure to severe stress disrupts this adaptive system in the 
brain and significantly degrades maternal behaviors (Hillerer et al., 
2012; Klampfl and Bosch, 2019; Numan, 2020; Slattery and Hillerer, 
2016). While stress exposure is typically associated with negative 
maternal outcomes in human mothers, there is evidence that mild 
exposure to psychosocial stress during pregnancy is prospectively 
associated with more positive interactions with infants (Wolf et al., 
2017). Furthermore, some mothers are more susceptible to stressful 
experiences than other mothers based on individual characteristics such 
as genetic predisposition. Evidence suggests that the impact of child
hood adversity on later parenting style is moderated by genetic varia
tions in hormonal receptor expressions (Fujiwara et al., 2019; Hiraoka 
and Nomura, 2019; Reichl et al., 2019; Savelieva et al., 2019; Senese 
et al., 2017). For example, mothers who experienced an overprotective 
parenting style in their childhood were more likely to exhibit a harsh 
parenting style with their own children if they carried the G allele on the 
oxytocin receptor gene (Fujiwara et al., 2019). For the serotonin trans
porter genotype that regulates serotonin level, the short (S)-allele is 
associated with greater susceptibility to environmental stress on the 
brain and depression (Flasbeck et al., 2019). Among individuals exposed 
to childhood or current stressful life events, individuals with the S-allele 
exhibit more depressive symptoms and greater amygdala and hippo
campal reactivity to negative emotional stimuli (Canli et al., 2006; Caspi 
et al., 2003; Karg et al., 2011). Thus, to move the field forward, it will be 
important to investigate whether the severity of stress leads to more 
positive or negative changes in the maternal brain, as well as how in
dividual characteristics such as genetics can interact with the impact of 
stress. Such understanding will help to explain why some mothers may 
be more vulnerable to stress exposure and whether some levels of stress 
exposure can have positive aspects for mothers. 

The unique and overlapping effects of different types of stressors also 
warrant further investigation. As reviewed earlier, the neurobiological 
mechanisms as well as the impact of stress exposure on the maternal 
brain seem to overlap across different stressors (see Table 1). Some of 
the differences may be due to the limited amount of studies available. 
However, recently there also are increased efforts to identify the unique 
effects of different types of stressors that are related to threats (such as 
child abuse) vs. deprivation (such as child neglect) on brain outcomes 
(McLaughlin and Sheridan, 2016; Sheridan and McLaughlin, 2014). 
Testing the unique effects of stressors in humans is challenging, as in
dividuals living in a stressful environment tend to be exposed to multiple 
stressors. However, the effort to understand the unique vs. overlapping 
effects of stressors on the maternal brain can further advance our un
derstanding of which stressors may have particularly adverse impacts on 
the transition to parenthood and on parenting behaviors. 

Related to different types of stressors, it would also be important to 
examine other factors that can interact with stress exposure. Due to the 
physical demands of pregnancy and child care during the early 

postpartum period, the perinatal period has been linked to lower sleep 
quality and sleep deprivation (Hagen et al., 2013; Sedov et al., 2018), 
which further increases risks for depression (Dørheim et al., 2009; 
Skouteris et al., 2009). Stress can negatively influence already- 
compromised sleep quality among pregnant women and new mothers 
during this time. Moreover, stress can increase risks for substance use 
(Marcenko et al., 2000; Mezick et al., 2008; Tanya Nagahawatte and 
Goldenberg, 2008) and inflammatory dysregulation (Coussons-Read 
et al., 2007), which can disrupt mothers’ brain and psychological ad
aptations to parenthood (Corwin et al., 2008; Kim et al., 2017b; Landi 
et al., 2011; Lowell et al., 2020; Swain et al., 2019). 

When studying the associations between stress exposure and the 
maternal brain in human mothers, one of the major limitations is that 
the observational research design does not directly support under
standing causal relationships between stress and brain outcomes. This is 
significant in terms of providing supportive arguments for intervention 
efforts to reduce mothers’ stress. For example, some may argue that 
mothers who exhibit poor parenting behaviors may also have a genetic 
predisposition to make poor decisions, and therefore cause higher levels 
of stress in their lives. Therefore, stressful conditions may be correlated 
with more difficulties in the transition to parenthood, but do not cause 
them. 

In studies with human mothers, there are several ways to support the 
causal link. First, non-human animal studies using experimental ma
nipulations provide strong evidence for the causal relationships between 
stress and changes in the maternal brain (Lambert and Byrnes, 2019). 
Thus, a cross-species approach that directly compares the impact of the 
same stressor in rodents and humans, such as poor quality maternal care 
received in childhood (Davis et al., 2017), can help to strengthen the 
directionality of the relationships between stress and maternal out
comes. Second, intervention studies to lower mothers’ psychological 
stress or remove environmental stress can provide information on how 
reduced stress is associated with effects on the mother’s brain. Third, a 
research design that allows a comparison of maternal brain structure 
and function before and after exposure to a significantly stressful event 
such as the COVID-19 pandemic (Lebel et al., 2020) can provide support 
for causal associations between stress exposure and brain outcomes. 
Last, longitudinal studies can clarify the directionality of the associa
tions between stress exposure, maternal mood, and brain responses to 
infant cues during pregnancy and the early postpartum period, as well as 
further associations with mothers’ relationships with their infants. 

To improve understanding of the neurobiological mechanisms by 
which stress impacts the maternal brain, studying the relationships be
tween hormones and maternal brain responses to infants are needed. 
Women’s brains and bodies experience drastic changes in hormone 
levels during pregnancy and the postpartum period (Almanza-Sepulveda 
et al., 2020; Feldman and Bakermans-Kranenburg, 2017; Lonstein et al., 
2015). As discussed earlier, these hormonal changes play an important 
role in both brain and behavioral adjustment to motherhood, but the 
influence of stress exposure on the associations between hormone levels 
and maternal brain responses to children has not been extensively 
examined in human mothers. A careful approach is needed due to 
complex associations among stress, maternal mood, and cortisol levels. 
For example, the link between high cortisol levels and the maternal 
depressive mood is not consistent across studies, and low levels of 
cortisol have also been linked to depression (Seth et al., 2016). One 
possibility is that higher cortisol reactivity to stress is more evident 
among mothers with comorbid depression and anxiety (Evans et al., 
2008). 

Another area that should receive more attention is the neurobio
logical and neuroendocrine mechanisms by which stress exposure in
fluences brain networks involved in cognitive and emotional empathic 
processes. The function of the brain regions involved in emotion regu
lation including the amygdala, hippocampus, and PFC is also involved in 
social cognition, thus the neurobiological mechanisms of emotion dys
regulation may further influence empathic processes in the brain 
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(Beadle et al., 2013; Grimm et al., 2017; Levy et al., 2019a). However, 
more research is needed to provide a detailed understanding of how the 
two networks may interact to support parenting and how stress exposure 
may interrupt the connectivity between the two networks. 

Throughout the consideration of all these factors, it is critical to 
examine how different racial and ethnic backgrounds and cultural dif
ferences may interact with the impact of stress exposure. Currently, 
mothers with immigrant or minority backgrounds are underrepresented 
in the human maternal brain literature. However, mothers with immi
grant or minority status on average are more vulnerable to childhood 
adversity and environmental stressors (Liu et al., 2016; Maguire-Jack 
et al., 2020). In addition, women with immigrant or minority back
grounds are vulnerable to racism or discrimination in both their child
hood and adulthood, and this experience is a significant stressor for 
mothers (Dunkel Schetter, 2011; Engle et al., 1990). Therefore, greater 
efforts must be made to increase the representation of mothers with 
minority backgrounds, so the research findings can reflect unique and 
common risk and protective factors for mothers with different racial and 
ethnic backgrounds. 

While the research on resilience factors is very limited, the current 
literature suggests certain factors are important, including appropriate 
social support and adaptive coping strategies. Having a supportive 
partner or relatives for both emotional support (such as receiving 
emotional comfort) or instrumental support (such as child care assis
tance) helps to protect mothers from the negative impacts of stress – 
both normative as well as severe levels of stress exposure – during 
pregnancy and the postpartum period (Collins et al., 1993; Razurel et al., 
2012). Increased levels of oxytocin that were induced by social support 
were particularly effective to reduce anxiety and cortisol levels among 
women who were exposed to childhood adversity (Riem et al., 2020). 
Thus, while all mothers can benefit, mothers under stress may benefit 
more from social support. It is important to note that while fathers are 
key figures to provide the support that mothers need, fathers also un
dergo neurobiological and psychological changes in the adaptation to 
parenthood (Kim et al., 2013; Kim et al., 2015b). Thus, future studies 
may consider including both mothers and fathers in order to develop an 
understanding of how stress differentially or similarly influences 
mothers’ and fathers’ neural adaptations to parenthood. Adaptive 
coping strategies may also be an important resilience factor that can 
help mothers reduce the negative impacts of stress exposure, particu
larly on maternal mood (George et al., 2013; Goletzke et al., 2017; 
Guardino and Dunkel Schetter, 2014). Among other brain regions, PFC 
function supports adaptive cognitive strategies such as cognitive reap
praisal and active coping (Frank et al., 2014); however, the associations 
among stress, PFC function, and coping strategies during the perinatal 
period are not well understood. Therefore, neuroimaging studies 
focused on protective and resilience factors would be particularly 
informative for interventions and treatments for pregnant and post
partum women. 

7. Conclusions 

The adverse impacts of stress on the brain are now well recognized in 
the scientific literature due to consistent findings across the lifespan 
(Lupien et al., 2018; McEwen, 2012). Emerging literature reviewed here 
now provides evidence that stress impacts the brains of new mothers and 
the perinatal period may be a window of vulnerabilities and opportu
nities. During pregnancy and the postpartum period, a woman’s brain 
undergoes changes that support her role as a parent. An increase in brain 
plasticity suggests that this is a period when women are particularly 
vulnerable to stress and adversity, but also sensitive to positive in
terventions and social supports. The success of the adaptation to 
motherhood can significantly impact mothers’ own wellbeing as well as 
the development of their children (Buss et al., 2010; Glynn and Baram, 
2019; Moog et al., 2018), however, the importance of supporting a 
woman’s optimal transition to parenthood may not be sufficiently 

recognized at the societal level. 
Therefore, in this paper, I have reviewed available evidence that 

exposure to different types of stress, from childhood to the perinatal 
period, is associated with disrupted brain adaptation to motherhood, 
which can further increase risks for difficulties in developing sensitive 
parenting behaviors among new mothers. Non-human animal research 
points to the neurobiological mechanisms by which exposure to severe 
stress can disrupt the normative adaptation of the maternal brain for 
enhanced maternal motivation and stress regulation. This understand
ing can impact our approach to supporting mother-infant dyads who 
face the challenges of stressful environments. Reducing stress exposure 
and providing support for mothers to cope with stress and regulate 
depressive mood and anxiety can help them build more positive per
spectives toward their relationships with their own infants and children, 
as well as their role as parents. 
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life stress induced by limited bedding and nesting (LBN) material in rodents: critical 
considerations of methodology, outcomes and translational potential. Stress. 20, 
421–448. https://doi.org/10.1080/10253890.2017.1343296. 

Wan, M.W., Downey, D., Strachan, H., Elliott, R., Williams, S.R., Abel, K.M., 2014. The 
neural basis of maternal bonding. PLoS One 9, e88436. https://doi.org/10.1371/ 
journal.pone.0088436. 

Weaver, I.C., Cervoni, N., Champagne, F.A., D’Alessio, A.C., Sharma, S., Seckl, J.R., 
Dymov, S., Szyf, M., Meaney, M.J., 2004. Epigenetic programming by maternal 
behavior. Nat. Neurosci. 7, 847–854. 

Wells, N.M., Harris, J.D., 2007. Housing quality, psychological distress, and the 
mediating role of social withdrawal: A longitudinal study of low-income women. 
J Environ Psychol. 27, 69–78. 

Witteman, J., Van IJzendoorn, M., Rilling, J., Bos, P., Schiller, N., Bakermans- 
Kranenburg, M., 2019. Towards a neural model of infant cry perception. Neurosci. 
Biobehav. Rev. 

Wolf, I.A.-C., Gilles, M., Peus, V., Scharnholz, B., Seibert, J., Jennen-Steinmetz, C., 
Krumm, B., Deuschle, M., Laucht, M., 2017. Impact of prenatal stress on the dyadic 
behavior of mothers and their 6-month-old infants during a play situation: role of 
different dimensions of stress. J. Neural Transm. 124, 1251–1260. 

Wonch, K.E., de Medeiros, C.B., Barrett, J.A., Dudin, A., Cunningham, W.A., Hall, G.B., 
Steiner, M., Fleming, A.S., 2015. Postpartum depression and brain response to 
infants: Differential amygdala response and connectivity. Soc. Neurosci. 1–18 
https://doi.org/10.1080/17470919.2015.1131193. 

Wright, D.B., Laurent, H.K., Ablow, J.C., 2016. Mothers who were neglected in childhood 
show differences in neural response to their Infant’s Cry. Child Maltreatment. 
1077559516683503.  

Yu, C.-L., Chou, T.-L., 2018. A Dual Route Model of Empathy: A Neurobiological 
Prospective. Front. Psychol. 9 https://doi.org/10.3389/fpsyg.2018.02212, 
2212–2212.  

Zaki, J., Davis, J.I., Ochsner, K.N., 2012. Overlapping activity in anterior insula during 
interoception and emotional experience. Neuroimage. 62, 493–499. https://doi.org/ 
10.1016/j.neuroimage.2012.05.012. 

Zoubovsky, S.P., Hoseus, S., Tumukuntala, S., Schulkin, J.O., Williams, M.T., Vorhees, C. 
V., Muglia, L.J., 2020. Chronic psychosocial stress during pregnancy affects maternal 
behavior and neuroendocrine function and modulates hypothalamic CRH and 
nuclear steroid receptor expression. Transl Psychiatr. 10, 6. https://doi.org/ 
10.1038/s41398-020-0704-2. 

P. Kim                                                                                                                                                                                                                                             

https://doi.org/10.1016/j.yfrne.2019.100766
https://doi.org/10.1016/j.yfrne.2019.100766
https://doi.org/10.1017/s0954579417000165
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1475
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1475
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1480
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1480
https://doi.org/10.1016/j.biopsych.2005.09.027
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1490
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1490
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1495
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1495
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1495
https://doi.org/10.3389/fendo.2016.00025
https://doi.org/10.3389/fendo.2016.00025
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1505
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1505
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1510
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1510
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1510
https://doi.org/10.1016/j.biopsych.2019.06.018
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1520
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1520
https://doi.org/10.1016/j.psyneuen.2011.04.002
https://doi.org/10.1016/j.psyneuen.2011.04.002
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1530
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1530
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1535
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1535
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1535
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1545
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1545
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1550
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1550
https://doi.org/10.1016/j.ridd.2012.06.011
https://doi.org/10.1016/j.ridd.2012.06.011
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1560
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1560
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1560
https://doi.org/10.1080/10253890.2017.1343296
https://doi.org/10.1371/journal.pone.0088436
https://doi.org/10.1371/journal.pone.0088436
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1575
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1575
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1575
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1580
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1580
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1580
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1590
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1590
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1590
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1590
https://doi.org/10.1080/17470919.2015.1131193
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1600
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1600
http://refhub.elsevier.com/S0091-3022(20)30066-2/h1600
https://doi.org/10.3389/fpsyg.2018.02212
https://doi.org/10.1016/j.neuroimage.2012.05.012
https://doi.org/10.1016/j.neuroimage.2012.05.012
https://doi.org/10.1038/s41398-020-0704-2
https://doi.org/10.1038/s41398-020-0704-2

