
CHAPTER 12

Neurobiology of Parenting and
Implications for Emotion Regulation

Helena J. V. Rutherford

The transition to parenthood is a time of psychological change that serves
to support parent and child development. While a breadth of research in
animal studies of the neurobiology of maternal behavior exists (Pawluski
et al., 2021), efforts to identify the neurobiology of parenthood in humans
is a more recent endeavor (Mayes et al., 2012). Investigating the
neurobiology of parenting has theoretical value in understanding
periods of adult development but has important clinical implications
when considering contexts where parents may struggle in their
caregiving role, with consequences for their own and their child’s well-
being (Squire & Stein, 2003). Critically, a common challenge for all new
parents is the capacity to regulate their own and their child’s emotions,
especially during infancy and early childhood. In particular, it has been
hypothesized that one outcome of the neural and psychological
reorganization during the transition to parenthood is to support the
unique demands of parental emotion regulation (Rutherford, Wallace,
et al., 2015).
In this chapter, the neurobiology of human parenting is examined and

implications for emotion regulation considered. Specifically, studies
documenting maternal brain structure and function are reviewed.
In advancing this area of inquiry, several studies will also be described
that have examined maternal neural responses to negative stimuli (infant
and noninfant) following distraction and cognitive reappraisal instruc-
tions to examine the neurobiological basis of parental emotion regulation
more directly. Importantly, most parental brain research focuses on
mothers, representing an inherent limitation to our understanding of this
critical transitional period for nonbirthing parents, including fathers.
While the studies discussed here focus on the maternal brain, where
fathers are included this is noted, and the importance of understanding
the paternal and nonbirthing parent brain is revisited when considering
the next steps for this body of work.
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12.1 Maternal Brain Structure

Only a handful of studies have examined the impact of pregnancy and
the postpartum period on maternal brain structure, with a specific focus
on gray matter (GM) volume measured using structural magnetic reson-
ance imaging (MRI). Specifically, these studies of GM volume indicate
both growth and decline in GM during the perinatal period. In the first
investigation of changing GM volume across the postpartum period,
mothers completed an MRI scan at 2–4 weeks postpartum and again at
3–4 months postpartum (Kim, Leckman, Mayes, Feldman, et al., 2010).
GM volume increases over time were observed in the parietal lobes,
prefrontal cortex, and the midbrain (including the hypothalamus, amyg-
dala, and substantia nigra). Critically, GM growth in the midbrain areas
was associated with mothers’ positive perceptions of their child, linking
maternal brain structure to real-world parenting. Luders et al. (2020) also
found widespread GM increases from 1–2 days post delivery to 4–6
weeks following delivery in recent mothers, including in the pre- and
postcentral gyrus, middle and inferior frontal gyrus (IFG), insula, parietal
and temporal lobes, and the thalamus. Including a control group of
nulliparous women, Lisofsky et al. (2019) also showed maternal GM
volume increases from 2 months to 4–5 months postpartum in numerous
regions, including the ventromedial prefrontal cortex, middle frontal
gyrus, cerebellum, and nucleus accumbens. Taken together, these studies
suggest significant growth of the maternal brain during the postpartum
period as indexed by GM volume.

Although the majority of structural MRI studies have focused on the
maternal brain postpartum, one study has examined GM volume in
nulliparous women prior to conception and then again in the postpartum
period to examine the impact of pregnancy on the maternal brain. In this
study, Hoekzema et al. (2017) reported decreased GM volume in multiple
brain areas from pregnancy to approximately 2 months postpartum,
including across the anterior and posterior midline, and the lateral pre-
frontal and temporal cortex. Notably, fathers and a control group of men
without children were scanned following the same timeline as the nul-
liparous women to examine whether the experience of becoming a parent,
versus the biological experience of pregnancy, would lead to structural
GM changes. Importantly, no difference in GM volume over time was
observed between fathers and the men without children. Hoekzema et al.
(2017) concluded that it was the biological experience of pregnancy
underscoring the GM volume changes observed in nulliparous women,
rather than the transition to parenthood alone.

These findings by Hoekzema et al. (2017) build on prior work eviden-
cing reduced brain volume in women scanned during pregnancy and
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again in the postpartum period (Oatridge et al., 2002). While the wide-
spread reductions in GM volume were the primary focus of the
Hoekzema et al. (2017) study, GM growth within the hippocampus from
preconception to the postpartum period was also reported. Although GM
volume decline may have negative connotations, decreased GM volume
may reflect neural reorganization of the maternal brain conferring a
benefit through “fine tuning” the brain to support mother and child
well-being (Pawluski et al., 2021).
In sum, the maternal brain undergoes significant structural reorganiza-

tion during pregnancy and the postpartum period, evidenced by GM
growth and decline. Of note, these structural brain changes in response
to motherhood do not appear transitory; GM volume reductions reported
by Hoekzema et al. (2017) were still apparent at 2 years postpartum, with
a follow-up study evidencing the persistence of GM volume reductions
6 years later in a subset of women from the original sample (Martínez-
García et al., 2021). Critically, many of the brain regions identified in
structural GM studies of the maternal brain overlap with those implicated
in emotion regulation (Etkin et al., 2015), suggesting the structural plasti-
city of the perinatal period (and beyond) may be important in our under-
standing of maternal emotion regulation, and parenting more generally.

12.2 Maternal Brain Function

The majority of maternal brain research has used functional MRI (fMRI)
and event-related potentials (ERPs) to examine neural responses to infant
stimuli (infant faces and vocalizations) as an index of maternal brain
function (Maupin et al., 2015; Parsons et al., 2017; Swain, 2011). Both
these neuroimaging approaches provide insight into the detection and
processing of salient infant signals (or cues) within and across samples of
parents and nonparents. Importantly, neural responses to infant signals
may reflect both reactivity and regulatory responding in the maternal
brain. For instance, when presented with infant distress signals, neuro-
biological markers of reactivity to infant cry may be modulated by
maternal regulatory function. Thus, reactivity and regulatory responding
to infant signals may be interwoven, presenting a potential limitation
when interpreting maternal neural responses to infant signals to inform
the neurobiology of emotion regulation and parenting.
Nevertheless, converging lines of research have identified several “par-

ental brain networks” responsive to infant cues that include brain areas
implicated in mentalization, empathy, and emotion regulation (Feldman,
2015). This latter emotion regulation network includes the orbitofrontal
cortex (OFC), dorsolateral prefrontal cortex (DLPFC), middle frontal gyrus
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(MFG), and the frontopolar cortex. The identification of these parental
brain networks has been driven by research that presents infant face and
cry stimuli, including stimuli from mother’s own child. Infant faces are
hypothesized to be particularly salient cues motivating caregiving, activat-
ing brain regions implicated in reward processing in parents and nonpar-
ents (Glocker et al., 2009; Kringelbach et al., 2016; Lorenz, 1943). Given the
breadth of work in this area, an increasing number of meta-analyses have
been conducted to refine understanding on maternal brain function.
In meta-analytic fMRI maternal brain research, heightened reactivity to
own as compared to unfamiliar infant faces (only positive and neutral
expressions) is reported as prominent in the midbrain (substantia nigra
and ventral tegmental area), amygdala, striatum, insula, and ventrolateral
prefrontal cortex (VLPFC; Rigo et al., 2019; see also Paul et al., 2019).
Across parents and nonparents, meta-analytic maternal (and nonparent)
ERP work has evidenced increased neural responding to infant distress as
compared to positive and neutral infant faces (Kuzava et al., 2020).

Although maternal brain function can be studied in isolation by exam-
ining neural patterns of responding to infant cues, to understand the
functional significance of these neural responses, an increasing number
of studies are incorporating measures of both maternal brain and behav-
ior. For instance, ERP responses to infant faces in mothers have been
associated with sensitive and intrusive maternal behavior observed
during interaction tasks (Bernard et al., 2015; Endendijk et al., 2018;
Kuzava et al., 2019). Notably, one study measured ERP responses to
infant faces in the third trimester of pregnancy and again at 3–5 months
postpartum, finding that changing neural responses to infant faces was
associated with postpartum maternal bonding (Dudek et al., 2020).

Understanding the sources of variability in maternal processing of infant
faces has also been explored, recognizing that while parental brain net-
works exist, each person transitions to parenthood differently, reflected in
the uniqueness of their current or previous life experiences. Indeed, mater-
nal early experiences as indexed by attachment security has also been
associated with maternal neural responses to infant faces in fMRI and
ERP studies (e.g. Groh & Haydon, 2018; Lowell et al., 2021; Strathearn
et al., 2009). Concurrently, studies of maternal infant face processing have
been informative in beginning to understand where challenges related to
emotion regulation may emerge and affect caregiving. Specifically, a
number of studies have examined how symptoms of emotion dysregula-
tion may contribute to neural reactivity to infant face stimuli. Specifically,
neural responses to infant faces may be modulated by depression (Bjertrup
et al., 2019), anxiety (Yatziv et al., 2021), and maternal substance use
(Rutherford et al., 2021). Taken together, these studies evidence that mater-
nal brain function can be captured by neural responses to infant facial cues
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and may have important implications for maternal behavior, including
emotion regulation and sensitive caregiving.
Infant cries have also been employed to probe maternal brain function.

Behavioral and neuroimaging data suggest parental responding to infant
cries may be consistent across cultures (Bornstein et al., 2017). Notably too,
several neuroimaging studies indicate that parents (mothers and fathers)
respond to infant signals differently to nonparents, particularly when
infants express distress (e.g. Proverbio et al., 2006; Purhonen et al., 2001;
Seifritz et al., 2003). In particular, the latter studies suggest a heightened
response to infant distress cues in parents as compared to nonparents.
Heightened responding to infant distress may confer an adaptive advan-
tage for the developing child in eliciting caregiving behavior. Consistent
with this hypothesis, infant cries have been shown to activate midbrain
dopaminergic regions implicated in reward neural circuity, presumably
motivating approach to elicit caregiving behavior in some maternal brain
studies (Rilling, 2013). However, infant cries may also be dysregulating for
parents. Indeed, one of the earliest challenges many parents face is regulat-
ing their own emotional response to their crying child, while also trying to
help their child become more regulated (Rutherford, Wallace, et al., 2015).
Although there is variability in mothers’ capacity to tolerate infant distress
(Rutherford, Booth, et al., 2015; Rutherford et al., 2013), inconsolable infant
crying has been linked with harsh and abusive parenting during the
postpartum period (Barr, 2014). Given associations between increased
reactivity to infant cries and negative parenting behaviors, interventions
have been designed to help parents regulate during bouts of infant crying
during the early postpartum months (e.g. Bechtel et al., 2020).
Given the importance of parental responding to infant cries, a number

of studies have examined neural responses to varying types of infant cry
stimuli in maternal samples (Witteman et al., 2019). Converging evidence
supports the notion that neural responding to infant cries is associated
with caregiving behavior. Musser et al. (2012) found that maternal sensi-
tive behavior measured at 18 months postpartum was associated with
neural responses to infant cries, including in the IFG and right frontal
pole. Similarly, neural responding to infant cries in the superior frontal
gyrus (SFG) and amygdala measured at 2–4 weeks postpartum was
associated with maternal sensitivity measured at 3–4 months postpartum
(Kim et al., 2011). Activity in the right frontal insula cortex, rolandic
operculum, and subcortical regions (e.g. amygdala, hippocampus) in
response to mothers listening to own infant cries has also been associated
with maternal mental state talk during an interaction with their child
(Hipwell et al., 2015). While maternal sensitive behavior and use of
mental state language are believed important antecedents for child devel-
opment, Laurent and Ablow (2012) advanced this area of work by
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evidencing that mothers’ brain responses to own infant cry predicted
their child’s attachment security – evidencing for the first time a link
between maternal neurobiology and child developmental outcomes.

A number of other factors have been associated with maternal brain
responses to infant cries. Clinically, maternal substance use has also been
associated with decreased and delayed neural responses to unfamiliar
infant cries (Rutherford et al., 2021), whereas maternal depression has
been associated with altered responding to own and unfamiliar infant
cries (Bjertrup et al., 2019). Poverty and maternal distress have been
associated with decreased responses to infant cries, including in the
medial prefrontal gyrus, middle prefrontal gyrus, and superior temporal
gyrus (STG; Kim et al., 2016). Building on this work, increased exposure
to a variety of stressors has also been associated with decreased cry
responses in the right insula/IFG and STG, activity which was also linked
with maternal sensitivity (Kim et al., 2020). Finally, it is worth noting that
there are preliminary data to suggest that both mode of delivery (vaginal
versus cesarean section; Swain et al., 2008) and feeding (exclusive breast-
feeding versus exclusive formula feeding; Kim et al., 2011) may also
shape maternal brain responding to their own infant’s cries.

Taken together, employing infant face and cry stimuli in experimental
tasks may be particularly valuable to probe reactivity and regulation in the
maternal brain and how this may be associated with caregiving behavior.
Notably, some studies have also linked maternal brain structure with
functional brain responses to these salient infant stimuli. Hoekzema et al.
(2017) reported that the regions evidencing GM volume reductions from
pregnancy to postpartum were those regions that were activated when
mothers viewed images of their infants during the postpartum MRI scan.
Moreover, individual differences in perceived maternal care may shape
both brain structure and function: mothers reporting higher level of mater-
nal care in their own childhood, relative to those with lower levels of
maternal care, evidenced greater GM volume and increased reactivity to
infant cries in overlapping areas, including the MFG, STG, and fusiform
gyrus (Kim, Leckman, Mayes, Newman, et al., 2010). Therefore, it is
important to consider both structural and functional brain changes during
the transition to parenthood wherever possible to bridge these two meth-
odological approaches, incorporating maternal characteristics too.

12.3 Empirical Studies of the Neurobiology of Maternal
Emotion Regulation

In the research reviewed thus far, the focus has been on brain structure and
functional response to infant cues in mothers. Although informative in
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understanding the neurobiology of parenting, as described earlier, reactivity
and regulatory responding to these infant cues may be confounded and
caution is warranted with interpreting these findings within an emotion
regulation framework. Critically, an emerging body of research has begun
to address this issue by focusing specifically on the neurobiological basis of
regulatory responding to affective stimuli in maternal samples. Firk et al.
(2018) investigated whether self-distraction would modulate neural
responses to infant crying in primiparous mothers 5–8 months postpartum.
In this context, self-distraction refers to the emotion regulation strategy of
orienting attention away from an affective experience. Mothers in this
sample evidenced a decreased response to infant cries in the amygdala, as
well as the parahippocampal gyrus, insula, OFC, STG/MTG, precuneus,
and cerebellum, when completing a counting task while infant cries were
played, relative to when they were instructed only to listen to infant cries.
Critically, this downregulation of the amygdala during self-distraction was
associated with observed parenting behavior, such that higher levels of
maternal sensitivity and nonhostility were correlated with less reactivity to
infant cries during the self-distraction task. These findings evidenced for the
first-time that an emotion regulation strategy can modulate the maternal
brain but also that the neural correlates of maternal emotion regulation
observed in this study may have downstream implications for caregiving
behavior.
Two additional studies have examined cognitive reappraisal to nega-

tive affective (noninfant) stimuli in primiparous women at approximately
4 months postpartum. Grande et al. (2021) reported that mothers with
higher levels of perceived stress evidenced greater activation to negative
images in the DLPFC during cognitive reappraisal (as well as decreased
activity in the caudate) relative to a condition where mothers were
instructed to maintain their emotional response. The authors interpreted
this heightened reactivity of the DLPFC to suggest that in highly stressed
mothers, emotion regulation may be more effortful or inefficient, or that
these mothers may be more reactive to negative emotional stimuli more
generally. Interestingly, exploratory analyses in this sample showed that
the heightened DLPFC activation in response to negative stimuli during
the regulation (versus maintain) condition was also associated with self-
reported perceived parenting-specific stress. Although exploratory, this
latter finding suggests DLPFC reactivity during emotion regulation tasks
may be associated with real-world experiences of parenting.
Building on this prior work, Capistrano et al. (2022) examined whether

socioeconomic disadvantage (measured by income to needs ratio) would
also be associated with cognitive reappraisal in recently postpartum
primiparous women viewing negative affective stimuli. Consistent with
their work on perceived stress, they found that mothers with greater
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socioeconomic disadvantage also evidenced decreased activity in pre-
frontal cortical regions, including in the SFG (including DLPFC), IFG
(including VLPFC), precentral gyrus, MTG, as well as the caudate during
the cognitive reappraisal condition. Consequently, heightened stress and
socioeconomic disadvantage may shape the neural correlates of maternal
emotion regulation by affecting prefrontal cortical function. It is also
important to note that Capistrano et al. found lower behaviorally
observed maternal sensitivity was associated with decreased responding
in the precentral gyrus during cognitive reappraisal. Again, evidencing
task-based regulatory responses may have implications for caregiving
behavior beyond the MRI scanner.

12.4 Limitations and Future Directions

In this chapter, studies relevant to the neurobiology of parenting have
been reviewed and their implications for emotion regulation considered.
While informative, these studies should be considered in the context of
their limitations and directions for future research. Indeed, it is important
to note that the studies reviewed here focus on the maternal brain, with
overlap as well as divergence reported in the few studies of the paternal
brain and responding to infant cues (Feldman, 2015). Indeed, paternal
brain changes may be driven more by the experience of caregiving
following the arrival of a child (Abraham et al., 2014). Nevertheless, a
clear path forward requires greater consideration of paternal reactivity
and regulation toward infant signals and extending this approach to all
birthing and nonbirthing parents. In addition to understanding how
different parenting experiences shape the brain, a critical advance in this
area is recognizing the need for larger and more diverse samples of
parents with respect to race and ethnicity in parental brain research
(Penner et al., 2023).

Understanding the transition to parenthood inherently requires more
longitudinal studies, ideally beginning before conception with repeat
assessments during pregnancy (or an equivalent timeframe) and the
postpartum period. Hoekzema et al. (2017) have evidenced the value of
such a longitudinal approach but more work is needed in this area.
Critically, this would be true for both structural and functional neuroima-
ging research. In particular, there may be value to understanding changes
in the maternal brain unfolding prior to birth in pregnant people, which
may prompt the identification of risk and protective factors during the
transition to parenthood. Indeed the challenges related to maternal emo-
tion regulation may unfold before birth (Penner & Rutherford, 2022). For
example, how maternal anxiety shapes neural processing of infant faces
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postpartum is comparable to how maternal anxiety is associated with
processing infant faces during pregnancy (Rutherford, Byrne, et al., 2017).
The current chapter has focused on studies of maternal structure and

function. As this work continues it will be important to incorporate our
understanding of the changing levels of hormones during the transition
to parenthood and their implications for the neurobiology of parenting.
Oxytocin has been widely implicated in parenting behavior (Feldman &
Bakermans-Kranenburg, 2017), with peripheral levels of oxytocin increas-
ing across the postpartum period in mothers and fathers (e.g. Gordon
et al., 2010). A number of studies have examined how administration of
oxytocin modulates neural responses to infant cues in parents and non-
parents (e.g. Peltola et al., 2018; Riem et al., 2011; Rutherford, Guo, et al.,
2017) as well as how variation in the oxytocin receptor gene is associated
with neural responses to infant stimuli (Peltola et al., 2014). Of course,
oxytocin is not the only hormone that may shape maternal brain respond-
ing during the transition to parenthood (Brunton & Russell, 2008), requir-
ing further extension of this approach to other hormones, including
estrogen and progesterone.
Although the literature regarding the neural correlates of maternal

emotion regulation is in its own infancy, the initial fMRI studies described
here are promising in evidencing that explicit emotion regulation strat-
egies modulate reactivity of the maternal brain and that this reactivity is
associated with different aspects of caregiving. As this work continues, it
will be important to consider the nature of the affective stimuli employed
during emotion regulation tasks (i.e. infant versus noninfant stimuli), as
well as the generalizability of these tasks to parenting experiences outside
of the experimental setting. It may be valuable to include self-report
assessments of how parents use different emotion regulation strategies
(e.g. Gross & John, 2003), as well as adapting such measures to parenting-
specific contexts. Understanding how regulatory functioning changes
throughout the perinatal period would also be valuable, in particular in
identifying periods of heightened risk and vulnerability for parents. This
would allow a unique opportunity for parental brain researchers to
partner with clinicians to both refine therapeutic approaches related to
parental emotion regulation and to optimize the timing of these interven-
tions for parents.

12.5 Conclusion

In the current chapter, structural and functional neuroimaging data has
been presented that supports the notion that the transition to parenthood
may be accompanied by neural reorganization, which may have
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important implications for caregiving. Meta-analytic work highlights that
heightened reactivity to infant cues is particularly evident when parents
view photographs of their own infant as well as when infants are express-
ing distress. Critically, increasing studies are evidencing important asso-
ciations between maternal brain structure and function and different
aspects of parenting to ensure the functional significance of this work is
clear. An exciting development in this field are those studies specifically
targeting maternal emotion regulation, moving beyond the combined
reactivity and regulatory approach typically used. While there has been
a strong foundation for studies of the neurobiological basis of the transi-
tion to parenthood, advancements are needed in relation to the extension
of this work to birthing and nonbirthing parents, incorporating more
longitudinal designs, and understanding the role of changing hormonal
profiles to neural reorganization. Given only a paucity of research has
been conducted to date in the neural correlates of maternal emotion
regulation, there is significant space for the growth and development of
this work, including partnerships with clinicians supporting parents
during this transitional period.
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