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Abstract

Purpose of review—Imaging research has sought to uncover brain structure, function and
metabolism in women with postpartum depression (PPD) as little is known about its underlying
pathophysiology. This review discusses the imaging modalities used to date to evaluate postpartum
depression and highlights recent findings.

Recent findings—Altered functional connectivity and activity changes in brain areas implicated
in executive functioning and emotion and reward processing have been identified in PPD.
Metabolism changes involving monoamine oxidase A, gamma-aminobutyric acid, glutamate,
serotonin, and dopamine have additionally been reported. To date, no studies have evaluated grey
matter morphometry, voxel-based morphometry, surface area, cortical thickness, or white matter
tract integrity in PPD.

Summary—Recent imaging studies report changes in functional connectivity and metabolism in
women with PPD vs. healthy comparison women. Future research is needed to extend these
findings as they have important implications for the prevention and treatment of postpartum mood
disorders.
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INTRODUCTION

The peripartum period is a complex period in a woman’s life that is marked by normal
changes in psychological functioning and physiology. It is also a period of heightened
vulnerability, with lifetime prevalence of psychiatric disorders in women reaching its zenith
in the first 3 postpartum months (1-3). Up to 85% of primiparous mothers experience
postpartum mood symptoms such as mood swings, anxiety, and poor concentration (4).
Approximately 10%—20% of pregnant and postpartum women worldwide meet criteria for a
peripartum mental health disorder(5, 6), with depression and anxiety the most common (7).

Peripartum mental health disorders are a major public health concern with significant
consequences for mothers, their children and their families (8). Mothers with peripartum
mental disorders are more stigmatized, less likely to participate in the healthcare system (9,
10), at increased risk of complications such as preeclampsia and operative delivery (11), and
have higher rates of psychiatric hospitalization, self-harm, and suicide (12). Infants with
mothers affected by perinatal mental disorders are more likely to be born prematurely with
intrauterine growth restriction and low birth weight (13). In developing countries, infants
have lower immunization rates (14, 15) and higher rates of malnutrition (16), infectious
diseases (16, 17), and hospitalization (15). Peripartum depression has a negative impact on
the cognitive, emotional, and behavioral development of children (18-21).

While the devastating sequelae of peripartum mental health disorders have been well
studied, diagnosis and pathophysiology of even the most common disorder, depression, is
not well-defined. The Diagnostic and Statistical Manual of Mental Disorders Fifth Edition
(DSM-5) defines major depression with peripartum onset as occurring during pregnancy or
within four weeks of delivery (22). Other organizations such as the World Health
Organization (WHO) define the onset within twelve months postpartum(23). While there are
similarities between the diagnostic criteria of non-peripartum and peripartum depressive
disorders, peripartum depression is a heterogeneous disorder with several distinct
phenotypes (24) that warrant further study.

The peripartum period is associated with profound changes in physiology. Across the
cardiovascular, digestive, integumentary and immune systems for example, many of these
normal changes in physiology are driven by changes in the endocrine system. Increasing
research into peripartum endocrine (25-33) and immune function (34, 35) and
chronobiolology (36, 37) in women with peripartum depression is increasing, however,
studies examining the effects of pregnancy on the central nervous system (CNS), particularly
the human brain, are limited. Understanding the normal peripartum-related physiological
changes in brain structure, function and metabolism, using non-invasive brain imaging
techniques will allow us to understand how peripartum mood disorders develop. The
primary aim of this review is to provide a concise background for imaging modalities used
in peripartum depression research and second, to review and synthesize recent findings.
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Papers were searched on MEDLINE, PsychINFO, Web of Science, Scopus, Embase, and
PubMed with the following key words: (“diffusion imaging” or “brain mapping” or “brain
morphology” or “connectome” or “dti” or “fmri” or “functional mri” or “functional
neuroimaging” or “diffusion imaging” or “diffusion tensor imaging” or “functional
neuroimaging” or “magnetic resonance imaging (MRI)” or “magnetic resonance
spectroscopy (MRS)” or “mri” or “neuroimaging” or “PET” or “structural mri” or
“tomography” or “volumetric based morphometry” or “volume positron emission” or
“volume based morphometry”) AND (“pregnancy” or “antepartum” or “perinatal” or
“motherhood” or “postpartum” or “maternal” or “antenatal” or “postnatal” or “prepartum”
or “peripartum” or “mothers”) AND (“depression” or “depressive™). This review is limited
to papers published in English on subjects up to six months postpartum, with a focus on
papers published in the last 5 years. In this review, studies of healthy non-depressed mothers
were included, whereas preclinical research was excluded. Additional articles were
identified by reviewing bibliographies of review articles identified within the literature
search.

Structural MRI: Volumetric and diffusion tensor imaging investigations

Structural MRI methods are used to examine gray (GM) and white matter (WM)
morphometry. Common methods for examining GM volume include manual measurement
of specific brain regions or regions of interest (ROI), voxel-based morphometry (VBM)
which is a hypothesis free approach to examine GM differences among groups across the
entire brain (38) and surface-based measures which measure the thickness of the GM of the
cortical sheet as a way of estimating the number of neuronal cell bodies in a given area.
Diffusion tensor imaging (DTI) is an MRI-based method that determines the location,
orientation and anisotropy of the brain’s WM tracts (38).

Recent research suggests that normal pregnancy is associated with structural changes in the
maternal brain. Using VBM, Kim et al., reported GM volume increases across the
postpartum period in the superior, middle, and inferior prefrontal cortex, precentral and
postcentral gyrus, superior and inferior parietal lobe, the insula, as well as the thalamus (39).
Measured volume changes were localized in areas implicated to play a role in maternal
behavior and maternal-infant interactions (40). A more recent study, which measured GM
volume pre-pregnancy, in the early postpartum period and at 2 years postpartum in first time
mothers, reported GM volume reductions in the anterior and posterior midline (extending
from the medial frontal cortex to the anterior cingulate cortex (ACC)), bilateral lateral
prefrontal cortex (PFC), and bilateral temporal cortex. The GM reductions were stable at the
2 year postpartum time point with the exception of the left hippocampal cluster whose
volume recovered. Areas of GM volume reduction were active during tests of parental
attachment and implicated in social interaction and cognition. Reductions in surface area and
cortical thickness were also reported across pre-partum and early postpartum time points
(41).
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No imaging studies to date have examined GM ROI morphometry, VBM, surface area or
cortical thickness differences between euthymic peripartum women and those with
peripartum mood disorders nor have any studies to date examined WM tract integrity.

Functional MRI: Activation-based and resting-state investigations

Functional magnetic resonance imaging (fMRI) is a class of imaging techniques that detects
cerebral blood oxygenation level dependent (BOLD) changes that occur in response to
changes in neural activity(42) either with activation or at rest. fMRI is used to assess
activation patterns in separate and distinct brain regions which imply communication and
thus “connectivity” between regions at a given time (43, 44). Functional connectivity can be
examined while a patient completes a task in the scanner or “at rest”. The latter, resting state
functional connectivity (rs-fc), is used to observe changes in discrete brain networks
implicated in physiological and disease states, including the default mode network (DMN)
(43, 44).

Functional connectivity research (45, 46) has identified a series of groups of brain regions
which are active together either at rest or during performance of a task. Networks important
in non-peripartum major depression include the default mode network (DMN), the central
executive network (CEN), the salience network (SN), dorsal attention network (DAN) and
frontoparietal network (FN) (45, 47), though additional networks exist and full delineation
of the networks, and the areas they include, is an area of ongoing research. Overlapping
brain areas within each network allows cross-communication. Briefly, the DMN is believed
to be a diffuse, discrete network of connected brain regions most active at rest and involved
in monitoring of the external environment and internal mentation. Although studies differ,
this network often includes the medial prefrontal cortex (MPFC), posterior cingulate cortex
(PCC), precuneus and inferior parietal lobule (IPL)(46). The CEN is involved in emotional
processing tasks and during attention, working memory and response-inhibition tasks. The
CEN most often includes the LPFC, posterior parietal cortex, frontal eye fields and part of
dorsomedial prefrontal cortex (DMPFC). The SN, in concert with other interconnected brain
networks, integrates sensory, emotional and cognitive information to contribute to a variety
of complex functions including social behavior and self-awareness(48). The SN is a
paralimbic-limbic network and often includes the dorsal ACC, anterior insula, amygdala,
ventral striatum, dorsomedial thalamus, hypothalamus and the substantia nigra/ventral
tegmental area (49). The FN includes portions of the lateral PFC and posterior parietal
cortex and is involved in dynamic cognitive control(50). And finally, the DAN is involved
with attention to events within the current focus of attention and includes the intraparietal
sulcus and the frontal eye fields of each hemisphere(51).

Among functional studies in PPD, a total of ten papers were identified with eight task-based
and two resting-state functional connectivity imaging studies. Table 1 summarizes findings
from the functional studies reviewed here. Several postpartum neuroimaging studies have
examined the neurocircuitry underlying mother-infant interactions in healthy women and are
reviewed elsewhere (40, 52).

To examine executive functioning across the early postpartum period, healthy postpartum
and non-postpartum women underwent fMRI while performing a response inhibition Go/

Curr Psychiatry Rep. Author manuscript; available in PMC 2018 August 19.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Duan et al.

Page 5

NoGo task at 48 hours and 4-7 weeks postpartum. Responses in postpartum women were
compared to healthy non-postpartum women participating in the same task at two points
during the menstrual cycle. Overall, postpartum women had a decrease in prefrontal activity
during response inhibition tasks when compared to non-postpartum women. Late postpartum
women had even greater decreases in prefrontal activity during response inhibition than
early postpartum women(53).

Gingnell et al. examined longitudinal changes in emotional processing using two postpartum
time points (i.e. within 48 hours and 4-6 weeks) in 13 healthy postpartum women and 15
naturally cycling non-pregnant controls (54). Early postpartum women had lower reactivity
in right insula, left middle frontal gyrus, and bilateral inferior frontal gyrus when compared
to late postpartum women. Postpartum women had greater reactivity in insula and inferior
frontal gyrus when compared to non-pregnant controls. Although study participants did not
have a diagnosis of PPD or anxiety, inferior frontal gyrus and insular reactivity was
positively correlated with self-reported symptoms of anxiety in the early postpartum and
with depression in the late postpartum. It is possible that these changes may allow
expression of postpartum mood or anxiety disorders in susceptible women.

The first neuroimaging study to explore differences in neural activation among women with
PPD was published in 2007(55). In that pilot study, four mothers with PPD and four healthy
mothers were tasked with distinguishing emotionally valenced words from non-words while
undergoing BOLD fMRI. Silverman et al. expanded the study in 2011(56). Both studies
report decreased right amygdala activation with threatening words in PPD. This result is
contrary to several studies in non-peripartum depression (57) which have reported an
association of increased amygdala activation with threatening and sad stimuli (58-60). The
authors hypothesized that increased sensitivity to threat may be evolutionarily advantageous
in the postpartum period as the mother protects the newborn. Hence, attenuated threat
sensitivity may be a disadvantage in PPD.

The results by Silverman et al. were supported by another fMRI study in which 14 mothers
with PPD and 16 healthy mothers were asked to match negative adult faces and geometrical
shapes (61). This study found significantly decreased activity in the left DMPFC and left
amygdala with negative emotional faces in depressed and anxious mothers. Decreased right
amygdala activity was associated with increased infant-related hostility in depressed
mothers. Finally, depressed mothers had reduced functional connectivity between DMPFC
and amygdala, which could account for hyposensitivity to salient infant cues in PPD. In a
different study, Moses-Kolko et al. assessed neural activity during positive emotions using
fMRI(62). Both depressed and healthy mothers had similar initial positive activity peaks in
the left ventral striatum in response to the reward task. However, depressed mothers’
responses rapidly attenuated to baseline while healthy mothers had a sustained response to
the reward. The rapid attenuation could contribute to decreased motivation and goal-directed
behavior in PPD.

Though tasks based on negative adult faces and positive emotions elicited functional
differences between depressed and healthy mothers, Barrett et al. hypothesized that infant
faces — especially those of their own infant — are particularly salient to mothers (63). In their
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2012 study, they studied 22 healthy mothers in an affect rating task for infant images — own
negative (ON), own positive (OP), unfamiliar negative (UN), unfamiliar positive (UP). They
found that poor quality of maternal experience, which included anxiety and depressed mood,
was significantly correlated with reduced amygdala, thalamus, and temporal cortex response
to OP compared to UP faces. For all mothers, ON faces were associated with greater
response in subgenual ACC, putamen, superior temporal gyrus, and parietal cortex — regions
implicated in maternal response to infant cries (64).

With anhedonia as a prominent depressive symptom and prior studies showing decreased
amygdala response with negative stimuli in PPD, Wonch et al. focused on amygdala
response to positive stimuli (65). fMRI results from 28 mothers with PPD were compared to
17 healthy mothers when they were engaged in affect rating task for positive stimuli — own
infant, other infant, and non-infant. There was an overall increase in right amygdala response
to all positive stimuli in PPD, contrary to prior MDD study results (66), and decreased
amygdala-right insular cortex connectivity in mothers with PPD when viewing own versus
other infants, when compared to healthy mothers. The insular cortex has been associated
with emotional awareness (67) and has been proposed to play a role in anxiety disorders
(68). As anxiety is a common symptom in the postpartum period and is often experienced by
women with PPD (24, 69, 70) these results suggest that decreased bilateral amygdalae and
right insular cortex connectivity may be related to anxiety experienced in the postpartum
period in those with PPD.

Deligiannnidis et al., examined changes in rs-fc in unmedicated women with unipolar PPD
compared to healthy postpartum women. This prospective preliminary study evaluated
women across the peripartum period for mood symptoms and then completed cross-sectional
neuroimaging within 9 weeks of delivery. ROI were selected based on results of published
activation fMRI studies in PPD (56, 61-63) and included the ACC, and bilateral amygdalae,
hippocampi and DLPFC (27). Healthy postpartum women had stronger connectivity
between the ACC and the left DLPFC and bilateral amygdalae. Stronger connections in
healthy controls were also found between the bilateral amygdalae, ACC and bilateral
DLPFC and between the left DLPFC and right amygdalae, and between the right
hippocampus and right DLPFC (27). These findings are in line with rs-fc studies in non-
peripartum depression which have shown decreased functional connectivity between cortical
and limbic structures (71-73) and suggest a possible commonality between the two disease
states.

While the DMN is not completely understood, it is believed to be a diffuse, discrete network
of connected brain regions most active at rest and involved in monitoring of the external
environment and internal mentation (46, 74). Research indicates that the DMN is altered in
Alzheimer’s disease, schizophrenia (46) and non-peripartum depression(75). Chase et al.,
(76) used rs-fc to evaluate alterations in the DMN in 14 women with PPD and 23 healthy
postpartum women, focusing mainly on the PCC in addition to the ACC given their
hypothesized importance in the DMN (46) and the implication of the PCC in non-peripartum
depressive disorders (72). Postpartum scans performed within 12 weeks of delivery, revealed
disrupted PCC to right amygdala connectivity in PPD patients compared to healthy
postpartum controls. Across all subjects, disrupted PCC-right amygdala connectivity was
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correlated with PCC-parahippocampus gyrus/subiculum connectivity but not PCC-ACC
connectivity. As the ACC is believed to play a significant role in the DMN (46), these
findings may suggest that the disrupted connectivity observed for the PCC is not due to a
generalized fault in the DMN and may in fact involve parahippocampal areas. While the
PCC is suggested to be an important component of the DMN (46), it has also been
implicated to have a role in future-planning and attention (77), while the amygdala plays an
integral role emotional regulation and emotional processing (78). The authors speculated
that the disrupted PCC to amygdala connectivity may be related to how attentive the mother
is to her responsibilities with the newborn and may even be related to the deficits in mother-
infant bonding seen in PPD. The role of parahippocampal areas are currently unclear and
further research will be required to determine how these areas contributes to changes in
brain connectivity in PPD.

MR Molecular Imaging: Positron Emission Tomography and Magnetic Resonance
Spectroscopy

Table 1 summarizes findings from the molecular imaging studies reviewed here.

Positron Emission Tomography Imaging of Brain Metabolism—~Positron Emission
Tomography (PET) methods are used to examine: cerebral metabolism; protein expression
and changes in expression (e.g. density of receptors, ligand transporters, enzymes); drug
occupancy and radiotracer competition; and endogenous neurotransmitter release (79).
Tracers of interest labeled with positron emitting radioisotopes are injected into the
bloodstream. Radioactivity from the labeled tracers is detected by the PET scanner as the
tracer traverses the cerebral vasculature and interacts with the brain parenchyma.

To date, PET studies of postpartum mood have focused on biochemical systems implicated
in non-peripartum depression. Monoamine oxidase A (MAO-A) metabolizes a variety of
neurotransmitters such as serotonin and norepinephrine, both of which are implicated in
depressive disorders outside of the peripartum period (80, 81). Moreover, alterations in
MAO-A enzyme density has been reported in non-peripartum depressive disorders(82) and
preclinical studies report a relationship between estrogen and MAO-A (83). Carbon-11
(11C)-harmine has high selectivity and affinity for MAO-A and is highly reversible (84). In a
study comparing healthy women 4-6 days postpartum to healthy non-postpartum controls
(85), Sacher et al. used 11C-harmine PET to measure MAO-A total volume distribution (1),
an index of MAO-A levels, in several brain areas. MAO-A V- in the PFC, ACC, anterior
temporal cortex, thalamus, dorsal putamen, hippocampus, and midbrain were significantly
elevated (43%) in healthy postpartum women compared with healthy non-postpartum
controls at a time of estrogen decline. Elevated early postpartum MAO-A (V1) may indicate
a monoamine-lowering process important to the development of postpartum blues or mood
disorders. In a follow-up study (86), MAO-A levels were examined using 11C-harmine PET
in the PFC and ACC of women with PPD, healthy postpartum women who cry due to sad
mood, healthy postpartum women, and healthy non-postpartum controls. MAO-A density
was increased by 22% in PPD in the PFC and by 19% in the ACC compared to healthy
postpartum women and by 15% in healthy women who cry in the PFC and by 13% in the
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ACC compared with healthy postpartum women. Together, these findings suggest a role of
MAO-A in PPD.

PET has also been used to evaluate changes in the dopaminergic system in postpartum
women. As decreases in dopamine transmission and dopamine metabolites have been noted
in non-peripartum depression (87), Moses-Kolko et al., used carbon-11(*1C) labeled
raclopride to evaluate alterations in dopamine receptor binding in depressed women
(postpartum and non-postpartum) compared to healthy controls (postpartum and non-
postpartum) (88). The tracer 11C-raclopride is a D, and D5 receptor antagonist and is a
measure of the availability and density of dopamine receptors (89, 90). Unipolar depression
and postpartum status was associated with lower D3 receptor binding in the whole striatum
however there were no differences in D3 receptor binding between postpartum depressed
and healthy postpartum women. The observed lower binding could either be due to
increased competitive binding of intrasynaptic dopamine or reduced D3 receptor
expression. The postpartum associated decrease in Doz binding may indicate vulnerability
toward developing depression in the postpartum period.

11C-WAY100635, a serotonin-1A receptor radioligand (91), has been used to examine
serotonin receptor binding in PPD. Statistically significant differences in serotonin receptor
binding were reported in the mesiotemporal cortex, subgenual ACC, and left lateral OFC by
a magnitude of 17-27% in women with PPD compared with healthy postpartum women(92).
These results suggest that the alterations in the serotonergic system implicated in non-
peripartum depression (93), may additionally be an important factor in the pathogenesis of
PPD.

Magnetic Resonance Spectroscopy—Magnetic resonance spectroscopy (MRS) is a
non-invasive, non-radiating technique which is used frequently in the evaluation of
biochemical changes in non-peripartum depression (94) among many other psychiatric (95,
96) and neurological disorders (97, 98). MRS is similar to magnetic resonance imaging in
that it uses signals from hydrogen ions, though while MRI creates an image of the brain, the
MRS technique gives information about the concentration of biochemicals in selected brain
regions. Initial MRS studies have focused on the main CNS inhibitory and excitatory
neurotransmitters, gamma-aminobutyric acid (GABA) and glutamate, respectively.

Very little is known about how neurochemistry and metabolism changes across the
peripartum period (99). The first MRS study in PPD measured potential differences in
cortical GABA concentration between healthy postpartum, postpartum depressed and
healthy follicular phase women (100). Occipital cortex GABA concentrations were reduced
in all postpartum vs. healthy follicular phase women, and no differences were identified
between depressed or healthy postpartum women (100). Women who develop postpartum
mood disorders may not be able to adapt to this transient period of reduced cortical GABA
concentration in comparison to women who do not develop postpartum mood disturbances.

More recently, MRS has been used to assess cortical glutamate concentrations in PPD given
increasing evidence suggesting glutamate as a key biochemical in non-peripartum
depression through effects on both neuroplasticity and regulation of neurotransmitter release
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(101). To evaluate whether the glutaminergic changes seen in non-peripartum depression
(102) are evident in PPD, McEwen et al. used MRS to measure medial prefrontal cortex
(MPFC) glutamate concentrations in 12 women with PPD and 12 healthy postpartum
women (103). Study participants from both groups were matched based on the time of their
scan following delivery, between 3 weeks and 3 months postpartum. MPFC glutamate
concentration was significantly increased in PPD. As studies using MRS in non-peripartum
depression have reported reduced levels of glutamate in the MPFC (102), this study shows a
possible difference between non-peripartum depression and PPD. Most recently, a late
postpartum MRS study of 36 women with PPD and 25 healthy postpartum controls reported
lower combined glutamate plus glutamine and combined N-acetylaspartate (NAA) plus N-
acetylaspartylglutamate in the left DLPFC in PPD with no between-group difference in the
ACC(104). Authors reported that these findings were in alignment with those reported in
non-peripartum depression and that PPD may be a subtype of MDD.

CONCLUSIONS

Depression is increasingly understood as a disorder of communication among large-scale
“functional” brain networks. To date, much more research has been reported in non-
peripartum depression than PPD. Understanding the main networks implicated in non-
peripartum depression will aid our understanding in how imaging findings are similar to or
specific to PPD. As summarized in a recent meta-analysis (of 27 resting-state data sets) of
network dysfunction in depression(45), reduced connectivity within regions of the FN may
give rise to deficits in cognitive control of attention and emotion regulation, whereas
ruminative thoughts may arise due to increased connectivity between the FN and the DMN
and reduced connectivity between the FN and the DAN. Abnormalities in emotion/arousal
control may stem from reduced connectivity between the AN and top-down regulation by
MPFC areas. This meta-analysis concluded that altered connectivity between the VAN and
posterior regions may additionally contribute to abnormalities in salience monitoring.

While there are only two resting-state studies in PPD compared to dozens in non-peripartum
depression, there is a growing evidence-base for changes in functional connectivity in PPD
compared to healthy postpartum women. Bringing together the resting-state and task-based
functional connectivity data reviewed here, PPD appears to be associated with changes in
connectivity involving the DMN, the SN and CEN. For example, studies point to reduced
connectivity between the DMN and the SN, particularly between the PCC and right AMYG
and reduced connectivity between regions of the PFC and amygdala. In PPD, several studies
indicate less engagement of neurocircuitry involved in emotional salience and fear
processing of negative stimuli including the amygdala, with a couple of studies indicating
increased amygdala engagement with positive stimuli. This response pattern appears to
differ from that reported in non-peripartum depression (66). A few PPD studies lend
additional evidence of changes in the SN including those demonstrating attenuation of
ventral striatal activity after receipt of a reward and reduced ventral striatal activation with
positive stimuli. Fewer studies have specifically examined the CEN in PPD, however
bringing together the findings from this review, there is evidence of altered connectivity in
the posterior OFC related to a task involving emotion-influenced decision-making and in
connections between bilateral DLPFC (regions involved in memory encoding) and between
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the DLPFC and amygdala. More detailed studies are needed to better examine the executive
and attentional networks in PPD and their connectivity with other networks.

Imaging studies in PPD utilizing MRS and PET to evaluate changes in biochemical systems
throughout the postpartum brain are in their infancy. Metabolism changes involving
monoamine oxidase A, GABA, glutamate, serotonin, and dopamine have been reported.
While we still do not have a full understanding of the effects of biochemical changes on
PPD, these imaging studies have laid a foundation for future research and will have
important implications for the treatment and prevention of postpartum mood disorders.

Initial studies reviewed here indicate that the peripartum period itself is associated with
localized changes in GM volume but there are no structural MRI studies published in PPD.
As imaging studies have reported structural brain changes in non-puerperal depression (105-
107), future research is needed to examine potential structural changes associated with
peripartum mood disorders.

A challenge to interpreting the current imaging data in PPD include the lack of studies
which fully characterize the normal structural, functional and metabolic changes occurring
due to pregnancy and then in early and late postpartum. This gap of knowledge is an
opportunity for understanding the longitudinal changes which occur throughout this period
that will help us put the current imaging findings into context. It would be surprising if we
did not find natural changes in structural and functional connectivity and metabolism across
the peripartum period. It might be that for women who are at risk to develop peripartum
mood and anxiety disorders, the normal longitudinal changes take an alternate course,
resulting in the differences we observe in cross-sectional imaging studies which are
correlated with behavioral changes including maternal depressive and anxiety
symptomatology and changes in attachment or mothering behaviors.

PPD is a heterogeneous disorder in regards to timing of onset and symptomatology (24).
Imaging studies to date have included a variety of PPD putative subtypes which could make
it challenging to fully examine functional brain networks without significant numbers of
participants within each subtype to make adequately powered comparisons. While the
impact of peripartum change in reproductive hormones on the CNS is not fully appreciated,
studies have suggested that rapid physiological shifts in neuroactive hormones may play a
role in the development of PPD (26). Further research is needed to understand how these
physiological shifts elicit changes at the structural, functional and molecular neural levels
(27, 108-110) and may contribute to the development of peripartum depressive and anxiety
disorders.
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