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Abstract

Purpose of the review The transition to parenthood is a unique period of adulthood during which the brain undergoes pro-
found and rapid changes, particularly in birthing mothers. This transition is also associated with a risk of developing mental
illness, likely due to intersections among the neurobiological changes and a host of psychosocial factors including one’s
history of mental illness and lack of adequate support systems for parents.

Recent findings Emerging evidence indicates that perinatal depression and anxiety are associated with distinct neural altera-
tions that overlap with the brain areas also involved in caregiving. Thus, there is a critical need to better understand the neu-
robiological mechanisms underlying perinatal mental illness for both maternal and child wellbeing. The goals of this review
are to highlight key findings from current research on the ways in which human brain function and structure are associated
with (1) perinatal depression, (2) perinatal anxiety, and (3) treatments aimed at promoting parental mental health.
Summary Advances in understanding the neuroplasticity associated with perinatal depression and anxiety will inform the
development of targeted interventions and treatments aimed at supporting parental wellbeing, promoting healthy parent—
infant relationships, and improving peripartum brain health.
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Introduction

The transition to motherhood (i.e., matrescence) is the only
period in adulthood when the brain exhibits such tremen-
dous structural and functional changes within a relatively
short time. In recent years, there has been a much better
understanding of the parental brain in humans that comple-
ments the decades of research on non-human animals show-
ing that the transition to parenthood, particularly in birthing
mothers, is associated with widespread neuroplasticity
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[1-4]. Notably, the transition to parenthood is associated
with a significant decrease in grey matter volumes of many
brain areas across pregnancy as well as a heightened activ-
ity to infant cues in many brain areas during the postpartum
period [2, 3]. Given this remarkable adaptive plasticity of
the parental brain, which occurs alongside other biological
and psychosocial changes experienced by most parents [5],
it may not be surprising that the transition to parenthood is
also a time of vulnerability to mental illness, particularly in
mothers.

Recent research suggests a unique neurobiology of peri-
natal mental illness that overlaps with brain areas critical
for parenting, emphasizing the urgency to understand the
parental brain in illness as well as in health [6, 7]. Current
scientific literature often points to an association between
perinatal mental illness and changes in brain structure and
function. It remains to be determined, however, if such neu-
roplasticity predicts mental health outcomes or vice versa.
The goals of this review are to highlight key findings from
current research on the ways in which human brain function
and structure are associated with (1) perinatal depression,
(2) perinatal anxiety, and (3) treatments aimed at promoting
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parental mental health. Our focus will be on mothers, given
that all extant research on this topic has involved birthing
women. However, there is a clear need for further research
on the neuroplasticity of perinatal mental illness in adoptive
parents and biological fathers [4, 8].

Furthermore, it should be noted that there are several
other mental illnesses associated with the transition to moth-
erhood, but there are limited data on related neurobiological
change. For more information about parental brain changes
associated with postpartum psychosis, childbirth-related
PTSD, opioid use disorder, childhood trauma, borderline
personality disorder, and pregnancy loss please see [9—12].

Perinatal Depression (PND) and the Parental
Brain

Perinatal depression (PND) is associated with unique func-
tional and structural neuroplastic changes in the human
brain [2, 11, 13]. Much of this research has focused on neu-
robiological features associated with postpartum depression
(PPD), and additional research is needed to understand how
depression may impact the normative neuroplasticity of
pregnancy and vice versa.

PND and Maternal Brain Function

Functional magnetic resonance imaging (fMRI), func-
tional near-infrared spectroscopy (fNIRS), electroencepha-
lography (EEG), or more specific event-related potentials
(ERP) have regularly been used to investigate associations
between maternal depressive symptoms and brain function.
The majority of this research has been done in women dur-
ing the postpartum period with depressive symptoms or a
diagnosis of PPD [6, 7].

PND and fMRI/fNIRS

Findings from resting-state fMRI, task-based fMRI, and
fNIRS from women with PPD collectively support altered
communication in neural networks regulating self-refer-
ential processing, salience detection, executive regulation,
reward processing, emotional memory, and social cue inte-
gration (Table 1).

One of the brain networks regularly implicated in PPD
is the Default Mode Network (DMN), which includes the
medial prefrontal cortex (mPFC), posterior cingulate cor-
tex, precuneus, lateral parietal cortex, and middle temporal
regions [32]. The DMN supports self-referential processing,
autobiographical memory integration, and narrative identity
construction [32]. These mental processes are especially rel-
evant during the postpartum period, when maternal identity

@ Springer

formation and reinterpretation of self in relation to the infant
are ongoing. One study reported that higher medial frontal
local synchronization at rest was correlated with depressive
symptoms shortly after giving birth [14]. Women diagnosed
with PPD, however, show less synchronization in the pre-
frontal cortex, particularly for those with higher depressive
symptoms [33]. This abnormal activity within frontal region
might impair cognitive control favouring rumination [33].
Other studies show increased DMN—frontoparietal network
functional connectivity in women diagnosed with PPD, sug-
gesting excessive influence of internally focused processes
over executive regulation systems [17]. Impaired network
switching or connectivity between DMN and ventral atten-
tion, sensorimotor, and visual networks has also been
reported in PPD [17, 20, 31]. Together, these findings indi-
cate altered coordination among attentional, sensory, and
social-cognitive systems in women with PPD. This poten-
tially affects maternal detection, interpretation, and behav-
ioral responses to infant-related cues, although it remains to
be determined how these functional changes are specifically
linked to caregiving.

The Salience Network (SN) - anchored in the anterior
insula (Al) and anterior cingulate cortex (ACC; particularly
the subgenual ACC; sgACC) - detects emotionally rele-
vant stimuli and coordinates switching between internally
focused and externally directed brain systems [34]. In the
postpartum period, this network can be critical for prioritiz-
ing infant cues and emotion regulation. Mothers with PPD
show hyperconnectivity between the Al and sgACC at rest
compared to mothers without PPD, suggesting biased pro-
cessing of negative emotions [18] and potential sensitiza-
tion to negative emotional contexts during mother—infant
interactions.

The Fronto-Parietal Network (FPN) - including the dor-
solateral prefrontal cortex, middle frontal gyrus, inferior
frontal gyrus, and posterior parietal regions - supports cog-
nitive flexibility, inhibitory control, and top-down emo-
tion regulation [35]. Effective maternal executive control
is essential during the postpartum period for regulating
emotional responses and shifting attention between inter-
nal and caregiving demands. Alterations within the FPN
at rest have been reported in women diagnosed with PPD
suggesting diminished flexibility within the network [17,
27, 33]. Task-based findings have shown reduced frontal
activation to positive relative to negative infant cues in
women reporting higher depression symptoms in the post-
partum period, indicating preferential sensitivity to nega-
tive contexts [26]. This altered functioning in brain areas
important for emotion regulation and cognitive flexibility
in mothers with PPD or high depression symptoms post-
natally potentially compromises maternal responsiveness
to infant needs.



Current Psychiatry Reports

(2026) 28:64

Page3of12 64

Table 1 Summary of Recent Studies on Functional and Structural Alterations Associated With Perinatal Depression and/or Anxiety

Network Canonical Key Alterations (1/]) Phenotype Perinatal Reference
Function Period
Default Mode Net- Self-referential 1 SMFG local connectivity PPD - Higher depression Postpartum  [14]
work (DMN) processing, symptoms
autobiographi- | LPC-PCC connectivity Remitted depression Postpartum  [15]
cal memory, | mPFC-PCC/mPFC-PCL/mPFC-AG PPD Postpartum  [16]
fnaterna.I identity  pc/mpRC entropy
integration 1 FPN-DMN FNC PPD Postpartum  [17]
1 DMN—FPN effective connectivity PPD & PPD-A Postpartum [17]
| sgACC-MTG connectivity PPD & PPD-A Postpartum  [18]
1 hippocampus—precuneus/SFG FC PPD Postpartum  [19]
| MTG—precuneus FC PPD Postpartum  [20]
Salience Network Emotional rel- 1 sgACC—vAL static FC PPD Postpartum  [18]
(SN) evance detection, 1 sgACC dynamic ALFF PPD-A Postpartum  [18]
interoceptior}, net- | VMHC (insula, amygdala, medial fron- PPD Postpartum  [21]
work switching tal); normalized post-SAINT
Fronto-Parietal Net-  Cognitive flex- | DLPFC ReHo PPD Postpartum  [19]
work (FPN) ibility, inhibitory 4+ DLPFC fALFF PPD Postpartum  [22]
control, top-down 4 py prC_ACG FC PPD Postpartum  [23]
regulation | MFG synchronization PPD Postpartum  [17]
1 vIPFC FCS PPD-A Postpartum  [24]
| SMN—FPN effective connectivity PPD-A Postpartum  [17]
| DLPFC activation (fNIRS during posi-  Pregnancy - Higher depres- Pregnancy  [25]
tive FAST) sion symptoms
| IFG activation (fNIRS during negative ~ Pregnancy - Higher depres- Pregnancy  [25]
FAST) sion symptoms
| response to positive infant cues Higher depression/anxiety ~ Postpartum [26]
symptoms
| dALFF variability PPD Postpartum  [27]
Reward/Motivational Reward anticipa- 1 VS FCD PPD-A Postpartum  [24]
Circuit tion, motivational | VS-dmPFC rsFC PPD & PPD-A Postpartum  [24]
salience
Amygdala, Emotional | Right amygdala response to positive History of PPD Parous [28]
Hippocampus salience encod- faces women
ing, affective 1 Amygdala activation Pregnancy — Higher depres- Pregnancy  [29]
memory, hormone sion symptoms
sensitivity | Lateral amygdala GMV PPD Postpartum  [30]
1 Hippocampal ReHo & DC PPD Postpartum [19, 21]
1 Hippocampal FC PPD Postpartum  [21]
1 Parahippocampus FCS PPD Postpartum  [24]
Attention Networks ~ External attention 1 Precuneus (DAN) synchronization PPD Postpartum  [17]
(DAN/VAN) allocation & | FPN-VAN FNC PPD Postpartum  [17]
salience-driven | yAN-DMN FNC PPD Postpartum [17]
attention | VAN«>SMN effective connectivity PPD & PPD-A Postpartum  [17]
1 VIS-VAN FNC PPD-A Postpartum  [17]
| VIS-DAN FNC PPD-A Postpartum  [17]
Sensorimotor Net- Embodied | Precentral gyrus fALFF & ReHo PPD Postpartum  [22]
work (SMN) simulation, motor | JALFF variability PPD Postpartum  [27]
readiness 1 PrCG-DCG FC correlated with EPDS ~ PPD Postpartum  [23]
Visual Network (VIS) Sensory-affective 1 VIS internal FNC PPD Postpartum  [17]
integration | DMN& VIS effective connectivity PPD Postpartum  [17]
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Table 1 (continued)

Network Canonical Key Alterations (1/]) Phenotype Perinatal Reference
Function Period
Social Cognition Mentalizing, | TPJ-lateral PFC connectivity Higher depression Postpartum  [31]
Network infant cue symptoms
interpretation 1 TPJ-mPFC connectivity Higher depression Postpartum  [31]

symptoms

| MTG activation (fNIRS during neutral ~ Pregnancy - Higher depres-

FAST) sion symptoms
ACG, Anterior Cingulate Gyrus; AG, Angular Gyrus; DAN, Dorsal Attention Network; DCG, Dorsal Cingulate Gyrus; d4ALFF, Dynamic
Amplitude of Low-Frequency Fluctuations; DLPFC, Dorsolateral Prefrontal Cortex; DMN, Default Mode Network; EPDS, Edinburgh Post-
natal Depression Scale; FAST, Free Association Semantic Task; FC, Functional Connectivity; FCD, Functional Connectivity Density; FCS,
Functional Connectivity Strength; FNC, Functional Network Connectivity; fALFF, Fractional Amplitude of Low-Frequency Fluctuations;
FPN, Fronto-Parietal Network; /FG, Inferior Frontal Gyrus; LPC, Lateral Parietal Cortex; MFG, Middle Frontal Gyrus; mPFC, Medial Prefron-
tal Cortex; MTG, Middle Temporal Gyrus; PCC, Posterior Cingulate Cortex; PCL, Paracentral Lobule; PPD, Postpartum Depression; PPD-A,
Postpartum Depression with Anxiety; PrCG, Precentral Gyrus; ReHo, Regional Homogeneity; rsFC, Resting-State Functional Connectivity;
SFG, Superior Frontal Gyrus; sg4CC, Subgenual Anterior Cingulate Cortex; SMFG, Superior Medial Frontal Gyrus; SMN, Sensorimotor
Network; SN, Salience Network; TP.J, Temporoparietal Junction; vAl, Ventral Anterior Insula; VAN, Ventral Attention Network; VIS, Visual

Postpartum  [25]

Network; VMHC, Voxel-Mirrored Homotopic Connectivity; VS, Ventral Striatum

The brain’s reward network - including the anterior cin-
gulate cortex, ventral striatum, and midbrain dopaminergic
sites - mediates reward anticipation and motivational salience
[36] and is thus vital to maternal caregiving and parent-infant
bonding. Functional imaging has revealed higher ventral stri-
atal connectivity at rest in mothers with PPD and anxiety, but
reduced ventral striatal to dorsal mPFC connectivity in moth-
ers with PPD with and without anxiety, suggesting impaired
integration between motivational and higher-order reflective
and regulatory systems compared to healthy mothers [24].
Such imbalance may impact women’s caregiving motivation
and induce reactive emotional responses to infant distress.
Task-based studies involving positive words, an infant cry,
an infant smiling face, and even a monetary reward have also
reported decreased activity in the brain reward network in
mothers with PPD or high levels depressive symptoms post-
partum compared to healthy mothers [37].

Functional alterations in the amygdala and hippocam-
pus of women with PPD implicate emotional memory and
stress regulation systems in maternal mental health and
caregiving concerns. For example, mothers with a history of
PPD or PPD symptomology show less amygdala activation
in response to a positive emotional stimulus (adult happy
face vs. neutral) [38] and to a threat stimulus (threatening
words) compared with women without PPD [39], which
suggest information processing bias, with reduced atten-
tion to positive stimuli and blunted responses to threats
in PPD. However, when exposed to an infant’s emotional
cues such as infant smiling face or infant cry, mothers with
depressive symptoms showed higher amygdala activity
compared to what was seen in mothers without depres-
sive symptoms postpartum [40]. This research under-
scores the importance of cue type when characterizing the
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association between PPD and maternal brain function, and
shows that some brain responses in mothers with PPD are
atypically heightened in response to infant cues. Findings
from the hippocampus extend these alterations to brain
networks involved in memory and stress axis regulation,
with studies reporting greater hippocampal centrality and
enhanced hippocampus—DMN connectivity at rest [21, 33]
in mothers with PPD compared with mothers without PPD.
Collectively, these results suggest that PPD is associated
with functional reorganization involving altered amygdala
activation patterns and increased hippocampal connectiv-
ity, but that this activity varies depending on whether the
response is to an infant cue or a non-infant cue as well as
if the measurement is done at rest.

Taken together, PPD appears to involve multi-network
imbalance that may undermine flexible maternal identity
formation, emotion regulation, and adaptive responsiveness
during matrescence (Fig. 1). Whether these functional brain
changes are evident with antenatal depression remain to be
determined.

PND and EEG

Changes in brain activity with perinatal mental illness have
also been detected by EEG. EEG determines brain activity
by detecting electrical signals across a larger brain region, as
opposed to more targeted blood oxygenation or blood flow
changes revealed by fMRI or fNIRS. Several studies exam-
ining maternal EEG activity show links between perinatal
depressive symptoms and maternal right frontal alpha activ-
ity (see [41] for a review), with more recent efforts attempt-
ing to leverage larger-scale EEG networks in the context of
maternal depression (e.g. [42]),.
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Matrescence & the Brain: The Neurobiology of Perinatal Mental Health
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Fig. 1T A summary of key factors that can contribute to maternal
brain health. A growing body of research is elucidating how perinatal
mental illness, psychotherapeutic interventions, and medications are
associated with plasticity in the parental brain. To promote parental

Event-related potentials (ERPs), measures of brain
electrical activity occurring in response to a specific event
or stimulus, are derived from EEG and have been used to
examine the temporal dynamics of neural processes in the
context of maternal mental health [43]. Common ERPs,
based on specific peaks or waves of EEG activity, are the
P300 related to attention allocation and the N170 linked
to face recognition. Higher levels of antenatal depressive
symptoms are associated with blunted P300 responses to
infant distress faces, but not happy or neutral infant faces
or to infant cries [44]. This suggests that antenatal depres-
sive symptoms affect neural processing of infant distress
cues at the level of visual attention allocation. In turn,
these effects may be more selective to a mothers’ initial
attention to infant faces as recent work found that ante-
natal depressive symptoms in pregnancy women are not
associated with sustained attentional processing of infant
faces (captured by the LPP ERP; [45]).

How these EEG changes in pregnancy relate to postpar-
tum infant care remains to be determined, but assessment
of ERPs during pregnancy has been leveraged to predict
postpartum depression symptoms [46] as well as mother-
infant bonding [47]. For example, in healthy mothers,
there is an association between changes in particular

top-down
regulation and reduced
activation to positive cues.

General Trait
Anxiety

Specific to
Infant/Birth

Anxiety focused specifically on the infant
or birth is neurologically distinct from
generalized trait anxiety.

Social Cognition
(Interpreting Infant Needs)

Altered connectivity between
the temporoparietal junction
and prefrontal cortex.

A NotebookLM

brain health, we need to continue to understand how these factors
affect the neurobiological determinants of parenting. (created with
NotebookLM)

EEG measures in response to infant faces (e.g., P1 and P2
ERPs) from pregnancy to postpartum and bonding with
the infant [47]. Additionally, higher antenatal depressive
symptoms are associated with stronger negative associa-
tion between P300 in pregnancy and postpartum depres-
sive symptoms [46]. Taken together, these studies point
to the potential of ERPs in pregnancy being utilized as
predictive tools for later risk of PPD and mother-infant
bonding.

Other research focused on the postpartum period showed
that maternal postpartum depression symptoms were
related to larger N170 responses to infant faces in moth-
ers, although the same was also found in non-mothers [48].
Higher postpartum levels of depression (as well as anxiety
and substance use) also contribute to membership in latent
profiles of psychological risk, are associated with slower
neural responses to infant faces (N170), and are related to
challenges in maternal caregiving such as lower certainty
about their infant’s mental states [49].

PND and Maternal Brain Structure

There is an emerging collection of brain structural fea-
tures associated with postpartum depression. Mothers

@ Springer
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with PPD show greater cortical thickness in the frontal
gyrus and fusiform gyrus at two months postpartum [50]
and greater volumes of the dorsolateral PFC and insula
three months postpartum compared to mothers without
PPD [51]. These brain areas are involved in decision mak-
ing, emotion regulation and empathy, which are essential
for parenting. In line with this, mothers diagnosed with
PPD within one year of giving birth had decreased cortical
thickness in brain areas involved in sensory processing,
such as the parietal lobe, and greater surface area of brain
regions involved in empathy, such as the insula [19] com-
pared to mothers without PPD. In addition, higher levels
of depressive symptoms were associated with increased
surface area of the insula in mothers diagnosed with PPD
[19, 51]. This research suggests that the typical decrease
in brain structure during the transition to motherhood may
not occur to the same degree in mothers diagnosed with
PPD.

Studies have also aimed to understand whether brain
structural changes during pregnancy or the early postpar-
tum are predictive of, or only associated with, depression.
Interestingly, increased amygdala volume from late preg-
nancy to the early postpartum period is associated with
higher levels of depressive symptoms across the same time
period in healthy mothers not diagnosed with PPD [52].
However, brain structure in the first week postpartum in 16
brain areas of interest, including the amygdala, hippocam-
pus, and nucleus accumbens, was not associated with the
development of postpartum depression or anxiety assessed
a few months later [15]. While these results could indicate
that a clear link between brain structural changes in preg-
nancy and PPD does not yet exist, it may instead be the
case that a single timepoint in the very early postpartum
period is already too late to detect predictive relationships
between maternal brain structure and depressive symp-
toms measured soon thereafter.

In addition to understanding the structural changes dur-
ing pregnancy and the early postpartum period that may
be associated with PND, one study has aimed to deter-
mine whether brain structure associated with PPD can
predict treatment outcomes. This study took place in an
inpatient parent-child care unit and they found that moth-
ers diagnosed with PPD who responded to the treatment
(combination of medication, CBT, group therapy, and
physiotherapy) with a decrease in depressive symptoms
had a smaller hippocampus before treatment when com-
pared to the non-responders [53]. In contrast, smaller hip-
pocampal volume predicted poorer response to treatment
in people with MDD outside the postpartum period [53],
again pointing to a uniqueness of the neurobiology of
maternal mental illness.

@ Springer

Perinatal Anxiety (PNA) and the Parental
Brain

Anxiety disorders occur in at least 15% of women during the
perinatal period [54]. In addition, up to one-half of women
with PND also have clinically significant anxiety symptoms
or an anxiety disorder and this comorbidity can reach 70%
in certain subtypes of PPD [55, 56]. However, most studies
of the neurobiology of perinatal mental illness do not assess
anxiety symptoms specifically. For those that do, anxiety is
typically involved as a covariate to help pinpoint the influ-
ences of depressive symptoms (e.g. [57]), or is included in a
latent variable of distress that cannot distinguish among the
mental health variables (e.g. [58]). While there remains a
paucity of research on this maternal mental health issue, it is
encouraging that the number of studies on the neurobiologi-
cal correlates of high perinatal anxiety (PNA) has recently
been increasing (e.g. [6, 59, 60]),. Importantly, none of the
recent studies have compared a group of mothers with clini-
cally diagnosed generalized anxiety (but no other psychopa-
thology) with a healthy control group, although most of the
studies involved some participants above the typical ques-
tionnaire cutoffs for high generalized anxiety symptoms. It
should also be noted that due to the diagnosis criteria requir-
ing 6 months of clinically relevant symptoms, many women
during pregnancy and the postpartum period are living with
a burden of anxiety symptoms that are often overlooked but
contribute to more sever clinical profile [61].

PNA and Maternal Brain Function
PNA and fMRI

In a study examining functional connectivity strength in
groups of 3—4 month postpartum women with PPD only,
PPD plus generalized anxiety, or no mental health diagno-
sis, mothers with both PPD and generalized anxiety had the
highest connectivity strength in their ventrolateral prefron-
tal cortex (VIPFC) [24]. Although this experimental design
prohibits understanding the unique effects of postpartum
anxiety alone on brain connectivity, the findings suggest
that the vIPFC may be a compensatory “hub” engaged by
women with high mental health burden while they process
their negative emotions. The same group of researchers
[24] reported elsewhere that PPD with generalized anxiety
was also associated with stronger long-range connections
involving the ventral striatum, with particularly strong func-
tional connectivity between the ventral striatum and the ven-
trolateral prefrontal cortex. They again proposed that this
strengthening may be compensatory for postpartum women
suffering with both depression and generalized anxiety as
they attempt to regulate their negative affect.
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Cortical-amygdalar activity in response to infant cues
is also influenced by postpartum anxiety. In mothers view-
ing negative and positive affective faces of their own and
unknown 3-month-old infants, lower differential frontal
lobe activation between the infants’ negative and positive
emotional states predicted high general anxiety symptoms
more than one year later [26]. Furthermore, while listen-
ing to one’s own or an unknown infant’s cries, amygdala
functional connectivity with the superior and middle fron-
tal cortices as well as with the middle temporal cortex is
stronger in anxious postpartum mothers [62], possibly
reflecting differences in attention, social cognition, and
impulse control. On the other hand, no association was
found between state anxiety and fMRI activity or connec-
tivity in any brain site studied in postpartum mothers lis-
tening to their own and other infants’ cries [63]. This latter
study did find, however, a significant moderating influence
of state anxiety on the relation between amygdala func-
tional connectivity with the posterior superior temporal
sulcus (involved in social cognition) during cry sessions
and maternal caregiving observed during a mother-infant
free play. Because anxiety positively moderated the amyg-
dala-temporal sulcus to positive caregiving relationship
in high-anxiety mothers, but negatively moderated it in
low-anxiety mothers, the authors proposed that anxious
postpartum mothers may over-engage that pathway to help
promote positive parenting [63].

It is important to recognize that perinatal anxiety is
not unitary and that anxieties specific to motherhood [64]
may be associated with particular brain functioning. For
instance, infant-focused anxiety postpartum is positively
associated with connectivity between the ACC and insula
or putamen at rest in mothers with and without opioid use
disorder [65]. It is unknown if these infant-focused anxiety
results extend to generalized anxiety, but the results may
reflect differences in affective and motivational processing
between mothers who are more and are less confident in
their caregiving role. This same study also found that mag-
nitude of change across the first few months postpartum in
resting state functional connectivity between the amygdala
and the midbrain periaqueductal gray, a brain area regu-
lating defensive behaviour, was especially large in women
with the highest infant-focused anxiety and could indicate
that they neurobiologically process the infant as a threat.
Lastly, data-driven modeling to determine functional con-
nectivity across whole brain networks associated with care-
giving found that higher infant-focused anxiety postpartum
was related to higher connectivity between the cerebellar
and motor—sensory—auditory networks, and between the
frontoparietal and motor—sensory—auditory networks, even
when controlling for generalized anxiety and depression
symptoms. However, these strengths particularly decreased

from 2 to 8 months postpartum in women with less anxiety
toward the infant at 8 months [66].

PNA and EEG

Maternal EEG responses to infant faces involve a greater
LPP (but not N170 or P300) to infant neutral but not distress
faces in women with high anxiety during pregnancy [67]
and the postpartum period [68] (also see[69] for replication
in mothers of school-aged children), and this effect remains
significant when controlling for depression symptoms [67].
This result may reflect more prolonged cortical processing
of ambiguous infant faces when anxiety, but not depression,
is high. This relationship between anxiety and the LPP was
not found, however, in a later analysis this group conducted
involving a smaller sample of pregnant women [67], high-
lighting the importance of robust sample sizes when exam-
ining links between the maternal brain and mental health.
Anxiety symptoms were also found to influence the LPP
while women attended to infant distress faces interspersed
with infant cry stimuli. This suggests that studies using more
naturalistic, multi-sensory experiences may best reveal how
perinatal anxiety influences the maternal brain [45].

EEG resting state beta activity (involved in cortical
attentional control and hyperarousal) measured in late
pregnancy was also positively associated with maternal
antenatal generalized anxiety [70], but the effects were
no longer significant when controlling for depression
symptoms or other covariates. Interestingly, beta activ-
ity was instead negatively associated with pregnancy-
related antenatal anxiety that involves women’s specific
concerns about fetal and future infant health, the process
of giving birth, changes in physical appearance, and
competence in being a mother (as specifically mentioned
above), even when depression and other covariates were
included. Although pregnancy-related antenatal anxiety
is significantly correlated with women’s general anxiety
symptoms [64], pregnancy-related anxiety is a unique
predictor of some negative outcomes for mothers and
their infants [71].

Recent EEG studies involving postpartum anxiety
symptoms are more nuanced in their findings. In a lon-
gitudinal study involving mid-pregnancy EEG responses
to infants or inanimate objects to predict concurrent or
postpartum anxiety, greater LPP to images of infants with
happy expressions significantly predicted higher postpar-
tum anxiety symptoms, although the investigators noted
that differences in LPP accounted for only a small amount
of the variance in later postpartum anxiety levels, so was
not a major predictor [46]. Similar to studies of depres-
sion, anxiety has also been linked to patterns of frontal
alpha asymmetry in mothers of 9-month-old infants [72],
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as well as mu EEG rhythm that captures a neural marker
of processing non-verbal signals [73]. Two other perina-
tal longitudinal studies assessing EEG responses to infant
emotional faces [47] or at rest [74] in late pregnancy and
again a few months postpartum found no relationship
between the EEG and anxiety measures, consistent with
one postpartum cross-sectional study [75]. Across stud-
ies, it is worth noting that the sometimes restricted range
of maternal anxiety symptoms may add to the nuance and
variability among findings, necessitating greater hetero-
geneity in mental health symptoms in addition to enroll-
ing women with a clinically diagnosed anxiety disorder.

PNA and Maternal Brain Structure

Very little research has investigated how anxiety may
be related to structural brain changes across pregnancy
and the postpartum period in mothers. However, recent
research on the structure of the cerebral cortex during
pregnancy found higher antenatal trait anxiety, but not
general negative affect, was strongly associated with
greater gray matter volume in the supramarginal gyrus —
a region involved in social cognition and empathy [76].
This finding aligns with what has been found in non-
pregnant anxious or depressed people [77]. Additionally,
an 8-week mindfulness program aiming at reducing anxi-
ety during pregnancy reported that pregnant women with
higher levels of antenatal anxiety had greater surface area
in the right superior frontal cortex during the third trimes-
ter, a brain area that plays a role in the regulation of atten-
tion and impulse control [78]. We have yet to understand
how postpartum anxiety may alter the structure of the
maternal brain; however, recent research shows that low
state anxiety in mothers during the first six weeks post-
partum is associated with an enlargement of the superfi-
cial amygdala, a brain area that processes olfactory inputs
and is activated while experiencing a variety of emotional
states. This association was not found for the centrome-
dial or basolateral amygdala regions, and could indicate
that mothers with low anxiety undergo optimal superficial
amygdala plasticity during the early postpartum period
not found in mothers with higher anxiety [79] (Fig. 1).

Are Perinatal Depression and Anxiety
Neurobiologically Unique from Depression
and Anxiety at Other Times of the Lifespan?

Most of the studies reviewed above focused on mothers
with high and low depression or anxiety symptoms; how-
ever, an important question is whether brain features dif-
fer between women with PND or PNA and non-mothers
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with high depression or anxiety outside of the postpartum
period. This would aid in our ability to develop appropri-
ate and specific treatments for perinatal mental illnesses.
Indeed, there is some work showing that although similar
brain areas are involved in depression during the post-
partum period and other times in life, the way these brain
areas process information can be quite different [38, 80].
For example, mothers with PPD have greater right amyg-
dala activation in response to an infant cue compared to
non-mothers with major depression, showing that the brain
response to an infant cue differs if depression occurs during
the postpartum period or at other times in life [80]. Reasons
for these differences in brain activation with motherhood
remain to be determined, but despite PPD and major depres-
sion sharing similar symptomology, they are differentiated
by timing of onset, physiological profiles, the presence of
an infant, and the excessive worry and/or guilt surrounding
parenting abilities that occurs in many women with PPD
[80]. Furthermore, as noted above, pregnancy-specific anx-
iety and generalized anxiety measured concurrently are not
completely correlated with each other and are associated
with some differences in neurobiological features.

Promoting Mental Health in Parents:
Limitations and Future Directions

Our understanding of the neuroplasticity of perinatal
mental illness is in its infancy and much more research
on the neural correlates of perinatal mental illness in all
parents is warranted. Specifically, future research in this
area would benefit from an increase in both longitudi-
nal and cross-sectionals designs, larger sample sizes and
an attempt to assess the multiple factors contributing to
perinatal mental health such as early life adversity, social
isolation and pre-conception mental health.

It is arguably more effective to support and treat parents
struggling with perinatal mental illness during pregnancy
and the early postpartum period than to combat the mul-
tiplicative problems that untreated perinatal mental ill-
ness can contribute in the parent’s and child’s life beyond
the peripartum period. Interventions and treatments can
be, and should be, multifaceted, focusing on several bio-
logical and social factors associated with perinatal mental
illness; these include neurosteroid and neurotransmit-
ter dysregulation, social isolation, relationship distress,
poverty, early life adversity, racism, and sexism [5, 81].
Indeed, simply improving symptoms of mental illness
alone does not improve maternal self-efficacy whereas
interventions that involve couples or entire families have
the potential for greater improvements [82]. What is inter-
esting to note is that a range of interventions can modify



Current Psychiatry Reports (2026) 28:64

Page9of12 64

the maternal brain and improve neurobiological func-
tioning. These include psychotherapeutic interventions
[83], mindfulness interventions [84], pharmacotherapies
targeting particular neurochemical systems in the paren-
tal brain [85-87], and interventions directly targeting
the brain such as transcranial direct current stimulation
(tDCS) [88-90]. The mechanisms underlying how these
treatments affect the parental brain are mostly unknown.

Conclusions

The adult human brain of birthing (and also non-birthing
[91]) parents undergoes significant modifications in func-
tion and structure with the healthy transition to parenthood.
Many of these brain areas are critical for parenting but are
also involved in perinatal mental illness. Given the high
rates of perinatal depression and anxiety, there is an urgency
to improve the well-being of parents and positively affect
the next generation as well as generations to come. To do
this, understanding the neurobiological underpinnings of
perinatal mental health in all parents should be the focus
of further research, to develop more targeted brain-based
interventions to promote parental brain health. We need to
continue implementing evidence-based interventions and
treatments at multiple levels (e.g., individual, institutional,
and community) during pregnancy and the postpartum
period that support parenting. These include easier access to
healthcare and childcare, to name a few. Understanding the
parental brain is fundamental to society and supporting its
development should be our priority.

Author contributions JLP was invited to write the article and proposed
the initial topic and outline. All authors performed a literature search,
wrote sections of the manuscript and critically revised the manuscript.
SA created the table. JSL and JLP significantly contributed to editing
the final draft of the manuscript.

Data Availability No datasets were generated or analysed during the
current study.

Declarations

Competing interests The author declares that no competing financial
interests exist. JLP is the scientific advisor at Strategies for Moms.
HIJVR receives support from Tonix Pharmaceuticals.

References

1. Duan C, Cosgrove J, Deligiannidis KM. Understanding Peripar-
tum Depression Through Neuroimaging: a Review of Structural
and Functional Connectivity and Molecular Imaging Research.
Curr psychiatry Rep. 2017;19(10):70. https://doi.org/10.1007/s1
1920-017-0824-4.

10.

11.

12.

13.

15.

16.

Barba-Miiller E, Craddock S, Carmona S, Hoekzema E. Brain
plasticity in pregnancy and the postpartum period: links to mater-
nal caregiving and mental health. Arch Womens Ment Health.
2019;22(2):289-99. https://doi.org/10.1007/s00737-018-. 0889-z
PubMed Central PMCID: PMC6440938.

Pawluski JL, Hoekzema E, Leuner B, Lonstein JS. Less can be
more: Fine tuning the maternal brain. Neurosci Biobehav Rev.
2022;133:104475. https://doi.org/10.1016/j.neubiorev.2021.11.0
45 . PubMed Central PMCID: PMC8807930.

Martinez-Garcia M, Cardenas SI, Pawluski J, Carmona S, Saxbe
DE. Recent neuroscience advances in human parenting. Adv
Neurobiol. 2022;27:239-67. https://doi.org/10.1007/978-3-030-9
7762-7_8.

Callaghan BL, McCormack C, Kim P, Pawluski JL. Understand-
ing the maternal brain in the context of the mental load of mother-
hood. Nat Ment Health. 2024;2(7):764—72. https://doi.org/10.103
8/s44220-024-00268-4.

Pawluski JL, Lonstein JS, Fleming AS. The neurobiol-
ogy of postpartum anxiety and depression. Trends Neurosci.
2017;40(2):106-20.

Pawluski J, Dickens M, Maguire J. Neuroendocrinology of Peri-
natal Mental Illness. In: Brunton PJ, Grattan DR, editors. Neuro-
endocrine Regulation of Mammalian Pregnancy and Lactation.
Springer International Publishing; 2024. p. 321- [object Object].
Martinez-Garcia M, Paternina-Die M, Cardenas SI, Vilarroya O,
Desco M, Carmona S, et al. First-time fathers show longitudinal
gray matter cortical volume reductions: evidence from two inter-
national samples. Cereb Cortex. 2023;33(7):4156—63. https://doi.
org/10.1093/cercor/bhac333.

Pawluski JL, Swain JE, Lonstein JS. Neurobiology of peripartum
mental illness. Handb Clin Neurol. 2021;182:63—-82. https://doi.o
rg/10.1016/B978-0-12-819973-2.00005-8.

Maguire J, McCormack C, Mitchell A, Monk C. Neurobiology of
maternal mental illness. Handb Clin Neurol. 2020;171:97-116.
https://doi.org/10.1016/B978-0-444-64239-4.00005-9.

Duan C, Cosgrove J, Deligiannidis KM. Understanding peripar-
tum depression through neuroimaging: a review of structural and
functional connectivity and molecular imaging research. Curr
Psychiatry Rep. 2017;19(10):70. https://doi.org/10.1007/s1192
0-017-0824-4.

Demarchi L, Pawluski JL, Bosch OJ. The brain oxytocin and
corticotropin-releasing factor systems in grieving mothers: what
we know and what we need to learn. Peptides. 2021;143:170593.
https://doi.org/10.1016/j.peptides.2021.170593.

Stickel S, Wagels L, Wudarczyk O, Jaffee S, Habel U, Schnei-
der F, et al. Neural correlates of depression in women across
the reproductive lifespan - an fMRI review. J Affect Disord.
2019;246:556-70. https://doi.org/10.1016/j.jad.2018.12.133.
Schnakenberg P, Hahn L, Stickel S, Stickeler E, Habel U, Eick-
hoff SB, et al. Examining early structural and functional brain
alterations in postpartum depression through multimodal neuro-
imaging. Sci Rep. 2021;11(1):13551. https://doi.org/10.1038/s41
598-021-92882-w.

Schnakenberg P, Jo HG, Stickel S, Habel U, Eickhoff SB, Brod-
kin ES, et al. The early postpartum period — Differences between
women with and without a history of depression. J Psychiatr Res.
2021;136:109-16. https://doi.org/10.1016/j.jpsychires.2021.01.0
56.

Chen K, Yang J, Li F, Chen J, Chen M, Shao H, et al. Molecular
basis underlying default mode network functional abnormalities
in postpartum depression with and without anxiety. Hum Brain
Mapp [Internet]. 2024;45. https://doi.org/10.1002/hbm.26657.
Chen K, MaY, Yang R, Li F, Li W, Chen J, et al. Shared and disor-
der-specific large-scale intrinsic and effective functional network
connectivities in postpartum depression with and without anxiety.
Cereb Cortex. 2024. https://doi.org/10.1093/cercor/bhae478.

@ Springer


https://doi.org/10.1007/s11920-017-0824-4
https://doi.org/10.1007/s11920-017-0824-4
https://doi.org/10.1007/s00737-018-
https://doi.org/10.1016/j.neubiorev.2021.11.045
https://doi.org/10.1016/j.neubiorev.2021.11.045
https://doi.org/10.1007/978-3-030-97762-7_8
https://doi.org/10.1007/978-3-030-97762-7_8
https://doi.org/10.1038/s44220-024-00268-4
https://doi.org/10.1038/s44220-024-00268-4
https://doi.org/10.1093/cercor/bhac333
https://doi.org/10.1093/cercor/bhac333
https://doi.org/10.1016/B978-0-12-819973-2.00005-8
https://doi.org/10.1016/B978-0-12-819973-2.00005-8
https://doi.org/10.1016/B978-0-444-64239-4.00005-9
https://doi.org/10.1007/s11920-017-0824-4
https://doi.org/10.1007/s11920-017-0824-4
https://doi.org/10.1016/j.peptides.2021.170593
https://doi.org/10.1016/j.jad.2018.12.133
https://doi.org/10.1038/s41598-021-92882-w
https://doi.org/10.1038/s41598-021-92882-w
https://doi.org/10.1016/j.jpsychires.2021.01.056
https://doi.org/10.1016/j.jpsychires.2021.01.056
https://doi.org/10.1002/hbm.26657
https://doi.org/10.1093/cercor/bhae478

64

Page 10 of 12

Current Psychiatry Reports (2026) 28:64

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Cheng B, Wang X, Roberts N, Zhou Y, Wang S, Deng P, et al.
Abnormal dynamics of resting-state functional activity and cou-
plings in postpartum depression with and without anxiety. Cereb
Cortex. 2022;32(24):5597-608. https://doi.org/10.1093/cercor/b
hac038.

Li Y, Chu T, Che K, Dong F, Shi Y, Ma H, et al. Abnormali-
ties of cortical structures in patients with postpartum depres-
sion: a surface-based morphometry study. Behav Brain Res.
2021;410:113340. https://doi.org/10.1016/1.bbr.2021.113340.
Cheng B, Guo Y, Chen X, Lv B, Liao Y, Qu H, et al. Postpar-
tum depression and major depressive disorder: the same or not?
Evidence from resting-state functional MRI. Psychoradiology.
2022;2(3):121-8. https://doi.org/10.1093/psyrad/kkac015.

Zhang Y, Mu Y, Li X, Sun C, Ma X, Li S, et al. Improved inter-
hemispheric functional connectivity in postpartum depression
disorder: associations with individual target-transcranial mag-
netic stimulation treatment effects. Front Psychiatry. 2022. https:/
/doi.org/10.3389/fpsyt.2022.859453.

Che K, Mao N, Li Y, Liu M, Ma H, Bai W, et al. Altered spon-
taneous neural activity in peripartum depression: a resting-state
functional magnetic resonance imaging study. Front Psychol
[Internet]. 2020;11. https://doi.org/10.3389/fpsyg.2020.00656.
Chen C, Li B, Zhang S, Liu Z, Wang Y, Xu M, et al. Aberrant
structural and functional alterations in postpartum depression: a
combined voxel-based morphometry and resting-state functional
connectivity study. Front Neurosci [Internet]. 2023;17. https://do
i.org/10.3389/fnins.2023.1138561.

Cheng B, Zhou Y, Kwok VPY, Li Y, Wang S, Zhao Y, et al.
Altered functional connectivity density and couplings in postpar-
tum depression with and without anxiety. Soc Cogn Affect Neu-
rosci. 2022;17(8):756—66. https://doi.org/10.1093/scan/nsab127.
Chen D, Yang X, Liang Y, Huang C, Zhang S, Li Y, et al. A free
association semantic task for fNIRS-based perinatal depression
assessment. Front Neurol [Internet]. 2025;15. https://doi.org/10.
3389/fneur.2024.1491923.

Finnegan MK, Kane S, Heller W, Laurent H. Mothers’ neu-
ral response to valenced infant interactions predicts postpar-
tum depression and anxiety. Moser DA, editor. PLOS ONE.
2021;16(4):¢0250487. https://doi.org/10.1371/journal.pone.025
0487

Dong F, Zhang Z, Chu T, Che K, Li Y, Gai Q, et al. Altered
dynamic amplitude of low-frequency fluctuations in patients
with postpartum depression. Behav Brain Res. 2022;433:113980.
https://doi.org/10.1016/j.bbr.2022.113980.

O’ Brien S, Sethi A, Gudbrandsen M, Lennuyeux-Comnene L,
Murphy DGM, Craig MC. Is postnatal depression a distinct sub-
type of major depressive disorder? An exploratory study. Arch
Womens Ment Health [Internet]. 2021;24:329-33. https://doi.org
/10.1007/s00737-020-01051-x.

Weinmar F, Kogler L, Rehbein E, Morawetz C, Sundstrom-
Poromaa I, Skalkidou A, et al. Neural emotion regulation during
pregnancy: An fMRI study investigating a transdiagnostic mental
health factor in healthy first-time pregnant women. Imaging Neuro-
science [Internet]. 2025;3. https://doi.org/10.1162/imag_a 00529.
Huang X, Zhuo Y, Wang X, Xu J, Yang Z, Zhou Y, et al. Structural
and functional improvement of amygdala sub-regions in postpar-
tum depression after acupuncture. Front Hum Neurosci [Internet].
2023;17. https://doi.org/10.3389/fnhum.2023.1163746.

Morgan JK, Santosa H, Fridley RM, Conner KK, Hipwell AE,
Forbes EE, et al. Postpartum Depression Is Associated With
Altered Neural Connectivity Between Affective and Mentalizing
Regions During Mother-Infant Interactions. Front Global Wom-
en’s Health. 2021;2. https://doi.org/10.3389/fgwh.2021.744649.
Menon V. 20 years of the default mode network: a review and
synthesis. Neuron. 2023;111(16):2469-87. https://doi.org/10.101
6/j.neuron.2023.04.023.

@ Springer

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

LiB, Zhang S, Li S, Liu K, Hou X. Aberrant resting-state regional
activity in patients with postpartum depression. Front Hum Neu-
rosci. 2023. https://doi.org/10.3389/fnhum.2022.925543.

Menon V, Uddin LQ. Saliency, switching, attention and control: a
network model of insula function. Brain Struct Funct. 2010;214(5—
6):655—67. https://doi.org/10.1007/s00429-010-0262-0.

Zanto TP, Gazzaley A. Fronto-parietal network: flexible hub of
cognitive control. Trends Cogn Sci. 2013;17(12):602-3. https://d
oi.org/10.1016/j.tics.2013.10.001.

Haber SN, Knutson B. The Reward Circuit: Linking Primate
Anatomy and Human Imaging. Neuropsychopharmacology.
2010;35(1):4-26. https://doi.org/10.1038/npp.2009.129.

Post C, Leuner B. The maternal reward system in postpartum
depression. Arch Womens Ment Health. 2019;22(3):417-29.
https://doi.org/10.1007/s00737-018-0926-. y PubMed Central
PMCID: PMC6784840.

O’ Brien S, Sethi A, Gudbrandsen M, Lennuyeux-Comnene L,
Murphy DGM, Craig MC. Is postnatal depression a distinct sub-
type of major depressive disorder? An exploratory study. Arch
Womens Ment Health. 2021;24(2):329-33. https://doi.org/10.100
7/s00737-020-. 01051-x PubMed Central PMCID: PMC7979595.
Silverman ME, Loudon H, Liu X, Mauro C, Leiter G, Goldstein
MA. The neural processing of negative emotion postpartum: a
preliminary study of amygdala function in postpartum depres-
sion. Archives women’s mental health. 2011;14(4):355-9. https
://doi.org/10.1007/s00737-011-0226-2.

Wonch KE, de Medeiros CB, Barrett JA, Dudin A, Cunningham
WA, Hall GB, et al. Postpartum depression and brain response
to infants: Differential amygdala response and connectivity. Soc
Neurosci. 2016;1-18. https://doi.org/10.1080/17470919.2015.11
31193.

Field T. Prenatal Depression Risk Factors, Developmental Effects
and Interventions: A Review. J Pregnancy Child Health. 2017;4(1).
https://doi.org/10.4172/2376-127X. .1000301 PubMed Central
PMCID: PMC5502770.

Peng Y, Lv B, Yang Q, Peng Y, Jiang L, He M, et al. Evaluating
the depression state during perinatal period by non-invasive scalp
EEG. Cereb Cortex. 2024;34(2):bhae034. https://doi.org/10.1093
/cercor/bhae034 . PubMed PMID: 38342685.

Maupin AN, Hayes NJ, Mayes LC, Rutherford HJV. The Applica-
tion of Electroencephalography to Investigate the Neural Bases
of Parenting: A Review. Parent Sci Pract. 2015;15(1):9-23.
992735 PubMed PMID: 26120286; PubMed Central PMCID:
PMC4477836.

Rutherford HJV, Graber KM, Mayes LC. Depression symptom-
atology and the neural correlates of infant face and cry perception
during pregnancy. Soc Neurosci. 2016;11(4):467-74. .1108224
PubMed PMID: 26465979.

Cardenas EF, Hill KE, Estes E, Jackson M, Venanzi L, Hum-
phreys KL, et al. Neural reactivity to infant emotion cues during
pregnancy: associations with peripartum anxiety and depressive
symptoms. Biol Psychol. 2023;183:108673. https://doi.org/10.10
16/j.biopsycho.2023.108673.

Mulligan EM, Simon J, Lowe M, Santopetro N, Flynn H, Hajcak
G. The P300 and late positive potential in pregnancy prospec-
tively predict increases in depressive and anxious symptoms in
the early postpartum period. J Affect Disord. 2022;317:193-203.
Dudek J, Colasante T, Zuffiano A, Haley DW. Changes in cortical
sensitivity to infant facial cues from pregnancy to motherhood
predict mother—infant bonding. Child Dev. 2020;91(1):e198-217.
Noll LK, Mayes LC, Rutherford HJV. Investigating the impact of
parental status and depression symptoms on the early perceptual
coding of infant faces: an event-related potential study. Soc Neu-
rosci. 2012;7(5):525-36. https://doi.org/10.1080/17470919.2012.
672457.


https://doi.org/10.1093/cercor/bhac038
https://doi.org/10.1093/cercor/bhac038
https://doi.org/10.1016/j.bbr.2021.113340
https://doi.org/10.1093/psyrad/kkac015
https://doi.org/10.3389/fpsyt.2022.859453
https://doi.org/10.3389/fpsyt.2022.859453
https://doi.org/10.3389/fpsyg.2020.00656
https://doi.org/10.3389/fnins.2023.1138561
https://doi.org/10.3389/fnins.2023.1138561
https://doi.org/10.1093/scan/nsab127
https://doi.org/10.3389/fneur.2024.1491923
https://doi.org/10.3389/fneur.2024.1491923
https://doi.org/10.1371/journal.pone.0250487
https://doi.org/10.1371/journal.pone.0250487
https://doi.org/10.1016/j.bbr.2022.113980
https://doi.org/10.1007/s00737-020-01051-x
https://doi.org/10.1007/s00737-020-01051-x
https://doi.org/10.1162/imag_a_00529
https://doi.org/10.3389/fnhum.2023.1163746
https://doi.org/10.3389/fgwh.2021.744649
https://doi.org/10.1016/j.neuron.2023.04.023
https://doi.org/10.1016/j.neuron.2023.04.023
https://doi.org/10.3389/fnhum.2022.925543
https://doi.org/10.1007/s00429-010-0262-0
https://doi.org/10.1016/j.tics.2013.10.001
https://doi.org/10.1016/j.tics.2013.10.001
https://doi.org/10.1038/npp.2009.129
https://doi.org/10.1007/s00737-018-0926-
https://doi.org/10.1007/s00737-020-
https://doi.org/10.1007/s00737-020-
https://doi.org/10.1007/s00737-011-0226-2
https://doi.org/10.1007/s00737-011-0226-2
https://doi.org/10.1080/17470919.2015.1131193
https://doi.org/10.1080/17470919.2015.1131193
https://doi.org/10.4172/2376-127X
https://doi.org/10.1093/cercor/bhae034
https://doi.org/10.1093/cercor/bhae034
https://doi.org/10.1016/j.biopsycho.2023.108673
https://doi.org/10.1016/j.biopsycho.2023.108673
https://doi.org/10.1080/17470919.2012.672457
https://doi.org/10.1080/17470919.2012.672457

Current Psychiatry Reports

(2026) 28:64

Page 110f12 64

49.

50.

SI.

52.

53.

54.

55.

56.

57.

8.

59.

60.

61.

62.

63.

64.

Wall KM, Penner F, Dell J, Lowell A, Potenza MN, Mayes LC,
et al. Maternal psychological risk and the neural correlates of
infant face processing: A latent profile analysis. Dev Psychobiol.
2024;66(1):¢22445. https://doi.org/10.1002/dev.22445 . PubMed
PMID: 38131237; PubMed Central PMCID: PMC10783861.
Yang W, Jiang Y, Ma L, Xiao M, Liu M, Ren Z, et al. Cortical and
subcortical morphological alterations in postpartum depression.
Behav Brain Res. 2023;447:114414. https://doi.org/10.1016/j.bbr
.2023.114414.

Cheng B, Hu X, Roberts N, Zhao Y, Xu X, Zhou Y, et al. Pro-
lactin mediates the relationship between regional gray matter
volume and postpartum depression symptoms. J Affect Disord.
2022;301:253-9. https://doi.org/10.1016/j.jad.2022.01.051.
Ballesteros C, Paternina-Die M, Martinez-Garcia M, Lopez-
Montoya G, Noguero I, Desco M, et al. Linking birth experience
and perinatal depression symptoms to neuroanatomical changes
in hippocampus and amygdala. Sci Adv. 2025;11(10):eadt5619.
https://doi.org/10.1126/sciadv.adt5619 PubMed PMID:
40043136; PubMed Central PMCID: PMC11881921.

Koeppel CJ, Muecke J, Barth C, Attolini S, Wildschut J, Aust S,
et al. Hippocampal volume and treatment outcome in postpartum
depression: Naturalistic data from a psychiatric parent-baby unit.
J Affect Disord. 2026;393(Pt A):120260. https://doi.org/10.1016/
jJad.2025.120260 . PubMed PMID: 40935253.

Dennis CL, Falah-Hassani K, Shiri R. Prevalence of antenatal and
postnatal anxiety: Systematic review and meta-analysis. Br J Psy-
chiatry. 2017;210(5):315-23. https://doi.org/10.1192/bjp.bp.116.
187179. Located at: Cambridge Core. 2018/01/02 ed.

Putnam KT, Wilcox M, Robertson-Blackmore E, Sharkey K,
Bergink V, Munk-Olsen T, et al. Clinical phenotypes of perinatal
depression and time of symptom onset: analysis of data from an
international consortium. Lancet Psychiatry. 2017;4(6):477-85.
https://doi.org/10.1016/S2215-0366(. 17)30136-0 PubMed Cent
ral PMCID: PMC5836292.

Ou L, Shen Q, Xiao M, Wang W, He T, Wang B. Prevalence of co-
morbid anxiety and depression in pregnancy and postpartum: a
systematic review and meta-analysis. Psychol Med. 2025;55:e84.
https://doi.org/10.1017/S0033291725000601. Located at: Cambr
idge Core. 2025/03/13 ed.

Kim P, Tribble R, Olsavsky AK, Dufford AJ, Erhart A, Hansen M,
et al. Associations between stress exposure and new mothers’ brain
responses to infant cry sounds. Neuroimage. 2020;223:117360.
Orchard ER, Voigt K, Chopra S, Thapa T, Ward PG, Egan GF,
et al. The maternal brain is more flexible and responsive at rest:
effective connectivity of the parental caregiving network in post-
partum mothers. Sci Rep. 2023;13(1):4719.

Lonstein JS. Regulation of anxiety during the postpartum period.
Front Neuroendocrinol. 2007;28(2-3):115-41.

Hare M, Duan C, Deligiannidis KM. Functional MRI biomarkers
of peripartum psychiatric disorders. In: Biomarkers of Postpar-
tum Psychiatric Disorders. 2020. p. 181-205.

Ortiz-Hernandez S, Howard M, Battle C, Schofield C. Symptoms
of the anxiety disorders in a perinatal psychiatric sample: a chart
review. J Nerv Ment Dis. 2014;202(2):154—60. https://doi.org/10
.1097/NMD.0000000000000086.

Olsavsky AK, Stoddard J, Erhart A, Tribble R, Kim P. Reported
maternal childhood maltreatment experiences, amygdala activa-
tion and functional connectivity to infant cry. Soc Cognit Affect
Neurosci. 2021;16(4):418-27.

Guo C, Moses-Kolko E, Phillips M, Swain JE, Hipwell AE.
Severity of anxiety moderates the association between neural
circuits and maternal behaviors in the postpartum period. Cogn
Affect Behav Neurosci. 2018;18(3):426-36. https://doi.org/10.37
58/s13415-017-0516-x.

Huizink AC, Menting B, Oosterman M, Verhage ML, Kunseler FC,
Schuengel C. The interrelationship between pregnancy-specific

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

anxiety and general anxiety across pregnancy: a longitudinal
study. J Psychosom Obstet Gynecol. 2014;35(3):92—100. https://
doi.org/10.3109/0167482X.2014.944498.

Swain JE, Ho SS. Brain circuits for maternal sensitivity and pain
involving anterior cingulate cortex among mothers receiving
buprenorphine treatment for opioid use disorder. J Neuroendocri-
nol. 2023;35(7):e13316. https://doi.org/10.1111/jne.13316.
Rutherford HJ, Potenza MN, Mayes LC, Scheinost D. The appli-
cation of connectome-based predictive modeling to the maternal
brain: implications for mother—infant bonding. Cereb Cortex.
2020;30(3):1538-47.

Rutherford HJV, Crowley MJ, Gao L, Francis B, Schultheis A,
Mayes LC. Prenatal neural responses to infant faces predict post-
partum reflective functioning. 53. 2018;53:43-8.

Malak SM, Crowley MJ, Mayes LC, Rutherford HJV. Maternal
anxiety and neural responses to infant faces. J Affect Disord.
2015;172:324-30. https://doi.org/10.1016/j.jad.2014.10.013
PubMed PMID: 25451433.

Kungl MT, Rutherford HJ, Heinisch C, Beckmann MW, Fas-
ching PA, Spangler G. Does anxiety impact the neural pro-
cessing of child faces in mothers of school-aged children? An
ERP study using an emotional Go/NoGo task. Soc Neurosci.
2020;15(5):530-43. https://doi.org/10.1080/17470919.2020.178
8988 . PubMed PMID: 32662322.

Levy JCP, Yatziv T, Bunderson M, Bartz C, Vancor EA, Ruth-
erford HJV. Anxiety and neural correlates of attention and self-
regulation in pregnancy: a resting-state EEG study. Arch Womens
Ment Health. 2025;28(1):43-53. https://doi.org/10.1007/s00737
-024-01505-6.

Schetter C, Ponting C. What is pregnancy-related anxiety? In:
Pregnancy-Related Anxiety. Routledge; 2021. p. 5-23.
Swider-Cios E, Turk E, Levy J, Beeghly M, Vroomen J, van den
Heuvel M. The association of maternal-infant interactive behav-
ior, dyadic frontal alpha asymmetry, and maternal anxiety in a
smartphone-adapted still face paradigm. 66. 2024;66:101352.
Karimova ED, Gulyaeva AS, Katermin NS. The degree of mu
rhythm suppression in women is associated with presence of
children as well as empathy and anxiety level. Soc Neurosci.
2022;17(4):382-96. https://doi.org/10.1080/17470919.2022.211
2753.

Sandoval IK, Ngoh G, Wu J, Crowley MJ, Rutherford HJ.
EEG coherence before and after giving birth. Brain Res.
2023;1816:148468.

Brooker RJ, Kiel EJ, MacNamara A, Nyman T, John-Henderson
NA, Schmidt LA, et al. Maternal neural reactivity during preg-
nancy predicts infant temperament. Infancy. 2020;25(1):46—66.
https://doi.org/10.1111/infa.12316.

Rehbein E, Kogler L, Kotikalapudi R, Sattler A, Krylova M,
Kagan KO, et al. Pregnancy and brain architecture: Associa-
tions with hormones, cognition and affect. J Neuroendocrinol.
2022;34(2):e13066. https://doi.org/10.1111/jne.13066.

Besteher B, Gaser C, Nenadic 1. Brain structure and subclinical
symptoms: a dimensional perspective of psychopathology in the
depression and anxiety spectrum. 79. 79:270-83.

Gomez Y, Nakaki A, Conti A, Castro-Barquero S, Casas I, Genero
M et al. Mindfulness-based stress reduction intervention during
pregnancy changes maternal brain. Sci Rep. 2025;21929.

Luders E, Gaser C, Gingnell M, Engman J, Sundstrom Poromaa I,
Kurth F. Significant increases of the amygdala between immedi-
ate and late postpartum: pronounced effects within the superficial
subregion. J Neurosci Res. 2021;99(9):2261-70. https://doi.org/1
0.1002/jnr.24855.

Dudin A, Wonch KE, Davis AD, Steiner M, Fleming AS, Hall
GB. Amygdala and affective responses to infant pictures: Com-
paring depressed and non-depressed mothers and non-mothers. J

@ Springer


https://doi.org/10.1002/dev.22445
https://doi.org/10.1016/j.bbr.2023.114414
https://doi.org/10.1016/j.bbr.2023.114414
https://doi.org/10.1016/j.jad.2022.01.051
https://doi.org/10.1126/sciadv.adt5619
https://doi.org/10.1016/j.jad.2025.120260
https://doi.org/10.1016/j.jad.2025.120260
https://doi.org/10.1192/bjp.bp.116.187179
https://doi.org/10.1192/bjp.bp.116.187179
https://doi.org/10.1016/S2215-0366(
https://doi.org/10.1017/S0033291725000601
https://doi.org/10.1097/NMD.0000000000000086
https://doi.org/10.1097/NMD.0000000000000086
https://doi.org/10.3758/s13415-017-0516-x
https://doi.org/10.3758/s13415-017-0516-x
https://doi.org/10.3109/0167482X.2014.944498
https://doi.org/10.3109/0167482X.2014.944498
https://doi.org/10.1111/jne.13316
https://doi.org/10.1016/j.jad.2014.10.013
https://doi.org/10.1080/17470919.2020.1788988
https://doi.org/10.1080/17470919.2020.1788988
https://doi.org/10.1007/s00737-024-01505-6
https://doi.org/10.1007/s00737-024-01505-6
https://doi.org/10.1080/17470919.2022.2112753
https://doi.org/10.1080/17470919.2022.2112753
https://doi.org/10.1111/infa.12316
https://doi.org/10.1111/jne.13066
https://doi.org/10.1002/jnr.24855
https://doi.org/10.1002/jnr.24855

64

Page 12 of 12

Current Psychiatry Reports (2026) 28:64

81.

82.

83.

84.

85.

86.

Neuroendocrinol. 2019;31(9):e12790. https://doi.org/10.1111/jne
.12790.

Kim P, Bianco H. How Motherhood and Poverty Change the
Brain. Zero Three. 2014;34(4):29-36.

Cost KT, McGowan PO, Pawluski JL. Gestational Stress and Par-
enting: A Review of Human and Animal Literature. In: Wazana
A, Székely E, Oberlander T, editors. Prenatal Stress and Child
Development. Cham: Springer; 2021. https://doi.org/10.1007/97
8-3-030-60159-1 _12.

Ho SS, Muzik M, Rosenblum KL, Morelen D, Nakamura Y, Swain
JE. Potential Neural Mediators of Mom Power Parenting Inter-
vention Effects on Maternal Intersubjectivity and Stress Resil-
ience. Front Psychiatry. 2020;11:568824. https://doi.org/10.3389/
fpsyt.2020. .568824 PubMed Central PMCID: PMC7752922.
Turpyn CC, Chaplin TM, Fischer S, Thompson JC, Fedota
JR, Baer RA, et al. Affective Neural Mechanisms of a Parent-
ing-Focused Mindfulness Intervention. Mindfulness (N Y).
2021;12(2):392-404.  https://doi.org/10.1007/s12671-019-0111
8-6 . PubMed Central PMCID: PMC7962669.

Delaveau P, Jabourian M, Lemogne C, Guionnet S, Bergouignan
L, Fossati P. Brain effects of antidepressants in major depression:
a meta-analysis of emotional processing studies. J Affect Disord.
2011;130(1-2):66-74. https://doi.org/10.1016/j.jad.2010.09.032.
Carlini SV, Osborne LM, Deligiannidis KM. Current pharma-
cotherapy approaches and novel GABAergic antidepressant
development in postpartum depression. Dialogues Clin Neurosci.
2023;25(1):92-100. https://doi.org/10.1080/19585969.2023.226
2464 . PubMed Central PMCID: PMC10557560.

@ Springer

87.

88.

89.

90.

91.

Pawluski JL, Li M, Lonstein JS. Serotonin and motherhood: from
molecules to mood. Front Neuroendocrinol. 2019;53:100742.
https://doi.org/10.1016/j.yfrne.2019.03.001.

Gressier F, Rotenberg S, Cazas O, Hardy P. Postpartum electro-
convulsive therapy: a systematic review and case report. Gen
Hosp Psychiatry. 2015;37(4):310—4. https://doi.org/10.1016/j.ge
nhosppsych.2015.04.009.

Vigod SN, Murphy KE, Dennis CL, Oberlander TF, Ray JG, Das-
kalakis ZJ, et al. Transcranial direct current stimulation (tDCS)
for depression in pregnancy: a pilot randomized controlled trial.
Brain Stimul. 2019;12(6):1475-83. https://doi.org/10.1016/].brs.
2019.06.019.

Lee HJ, Kim SM, Kwon JY. Repetitive transcranial magnetic stim-
ulation treatment for peripartum depression: systematic review
& meta-analysis. BMC Pregnancy Childbirth. 2021;21(1):118.
https://doi.org/10.1186/s12884-021-03600-3 . PubMed Central
PMCID: PMC7874443.

Rilling JK, Mascaro JS. The neurobiology of fatherhood. Cur
Opin Psychol. 2017;15:26-32.

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


https://doi.org/10.1111/jne.12790
https://doi.org/10.1111/jne.12790
https://doi.org/10.1007/978-3-030-60159-1_12
https://doi.org/10.1007/978-3-030-60159-1_12
https://doi.org/10.3389/fpsyt.2020
https://doi.org/10.3389/fpsyt.2020
https://doi.org/10.1007/s12671-019-01118-6
https://doi.org/10.1007/s12671-019-01118-6
https://doi.org/10.1016/j.jad.2010.09.032
https://doi.org/10.1080/19585969.2023.2262464
https://doi.org/10.1080/19585969.2023.2262464
https://doi.org/10.1016/j.yfrne.2019.03.001
https://doi.org/10.1016/j.genhosppsych.2015.04.009
https://doi.org/10.1016/j.genhosppsych.2015.04.009
https://doi.org/10.1016/j.brs.2019.06.019
https://doi.org/10.1016/j.brs.2019.06.019
https://doi.org/10.1186/s12884-021-03600-3

	﻿Maternal Neuroplasticity: Understanding Brain Changes with Perinatal Depression and Anxiety in Women
	﻿Abstract
	﻿Introduction
	﻿Perinatal Depression (PND) and the Parental Brain
	﻿PND and Maternal Brain Function
	﻿PND and fMRI/fNIRS
	﻿PND and EEG


	﻿PND and Maternal Brain Structure
	﻿Perinatal Anxiety (PNA) and the Parental Brain
	﻿PNA and Maternal Brain Function
	﻿PNA and fMRI
	﻿PNA and EEG


	﻿PNA and Maternal Brain Structure
	﻿Are Perinatal Depression and Anxiety Neurobiologically Unique from Depression and Anxiety at Other Times of the Lifespan?
	﻿Promoting Mental Health in Parents: Limitations and Future Directions
	﻿Conclusions
	﻿References


