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ABSTRACT

BACKGROUND: Prenatal maternal depression may have long-term impacts on amygdala-cortical development. This
study explored associations of prenatal maternal depressive symptoms on the amygdala-cortical structural
covariance of the offspring from birth to early childhood, derived from a longitudinal birth cohort.

METHODS: Structural magnetic resonance imaging was performed to obtain the amygdala volume and cortical
thickness at each time point. Prenatal maternal depressive symptoms were measured using the Edinburgh Postnatal
Depression Scale at 26 weeks of pregnancy. Regression analysis was used to examine the effects of the Edinburgh
Postnatal Depression Scale on a structural coupling between the amygdala volume and cortical thickness at birth
(n = 167) and 4.5 years of age (n = 199).

RESULTS: Girls whose mothers had high prenatal maternal depressive symptoms showed a positive coupling be-
tween the amygdala volume and insula thickness at birth (3 = .617, p = .001) but showed a negative coupling between
the amygdala volume and inferior frontal thickness at 4.5 years of age (f = —.369, p = .008). No findings were revealed
in boys at any time point.

CONCLUSIONS: The development of the amygdala—prefrontal circuitry is vulnerable to environmental factors related
to depression. Such a vulnerability might be sex dependent.
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Prenatal maternal depression has long-term impacts on
emotional (1), behavioral (2), and cognitive outcomes (3) and
increases the later risk for depression in the offspring (4).
Prenatal maternal depressive symptoms are associated with
alterations of the emotion-related circuitry in infants and chil-
dren (5-8). Greater prenatal depressive symptoms are related
to higher functional connectivity of the amygdala with cortical
regions involved in emotion regulation in 6-month-old infants
(6). Greater prenatal maternal depressive symptoms are related
to larger right amygdala volume in young girls but not in young
boys (7,9). These findings suggest that there is a potential in-
fluence of prenatal maternal depression on offsprings’
amygdala—cortical circuitry.

Recently, Holmes et al. (10) employed structural magnetic
resonance imaging (MRI) and investigated the relationship
between the amygdala and the cortex. They found an inverse
relationship between the amygdala volume and prefrontal
cortex thickness in adults with extreme negative affect.
In addition, reduced functional connectivity between the
amygdala and prefrontal cortex, representing the disruption of

the functional networks involved in emotion regulation, is
found in both adolescents (11) and adults (12) with depression
in comparison with healthy control subjects. These structural
and functional findings are in line with Mayberg’s neural model
of depression that is characterized as hypoactivity of the
prefrontal regions and hyperactivity of the amygdala in
depression (13). Together, these findings may suggest poor
control of the prefrontal cortex over the amygdala output (top-
down regulation) in depression (10). However, owing to lack of
imaging studies on infants and young children, it remains un-
clear whether the aforementioned top-down regulation of the
amygdala—prefrontal neural mechanism applies to infants and
young children with exposure to maternal depressive
symptoms.

The current study explored the above two questions by
examining influences of prenatal maternal depressive symp-
toms on structural covariance of the amygdala and the cortex
in neonates and 4.5-year-old children who participated in a
longitudinal birth cohort in Singapore. Structural covariance
analysis has recently been employed to examine brain
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structural organization via the assessment of the correlation
between anatomical measures, such as cortical thickness and
structural volumes of the two brain regions (14). Such analysis
has shown significant overlaps with the brain's resting state
functional organization (15) and reflects anatomical connec-
tivity of white matter pathways (16). We expected that prenatal
maternal depression might disturb the amygdala—cortical
development relevant to emotional regulation from birth to
early childhood. Given that prenatal maternal depression is
associated with alterations in brain structure (7) and function
(5) in girls, we separately investigated the relations in girls and
boys. We thus considered this study as an observational study
rather than a specific hypothesis-driven study.

METHODS AND MATERIALS

Subjects

The longitudinal birth cohort study, Growing Up in Singapore
Towards Healthy Outcomes (GUSTO) [see (17) for further de-
tails], was approved by the National Healthcare Group Domain
Specific Review Board and the Sing Health Centralized Insti-
tutional Review Board. Written informed consent was obtained
from mothers.

Children participating in GUSTO were invited to this neu-
roimaging study at birth and at 4.5 years of age. The GUSTO
cohort consisted of pregnant Asian women who received their
first trimester antenatal ultrasound scan at the National Uni-
versity Hospital and KK Women’s and Children’s Hospital in
Singapore. Birth outcome and pregnancy measures were ob-
tained from hospital records. The parents were Singapore
citizens or permanent residents of Chinese, Malay, or Indian
ethnic background. More detailed recruitment criteria are
stated elsewhere (18).

Maternal education, ethnicity, and age were extracted from
survey questionnaires conducted as part of a scheduled
appointment during the 26th week of pregnancy. Birth
outcomes—including gestational age; birth weight; Apgar
score; and sex—were obtained from hospital records. This
study included only children with maternal reports on
depression scales and with gestational age =34 weeks, birth
weight =2 kg, and a 5-minute Apgar score =8 to avoid po-
tential effects of birth complications on brain development.

This neuroimaging study recruited 189 and 342 children
shortly after their birth and at 4.5 years of age, respectively.
There were no MRI scans performed during the period from
birth to 4.5 years of age mainly because of challenges in im-
aging children at this young age and subject burden. Of the
189 neonatal subjects who underwent MRI, 6 subjects had
unusable T2 data owing to poor image quality, and 3 subjects
did not meet the inclusion criteria. The neonatal sample thus
comprised 180 subjects. Moreover, 11 mothers of neonates
did not complete depression (i.e., Edinburgh Postnatal
Depression Scale [EPDS]) or demographic (i.e., maternal edu-
cation status) questionnaires, and 2 outliers on the amygdala
volume were found. Hence, the neonatal sample consisted of
167 subjects, of which 79 were girls and 88 were boys. Of the
342 4.5-year-old subjects who underwent MRI, 113 subjects
had unusable T1 data owing to poor image quality and 4
subjects did not meet the inclusion criteria. The 4.5-year-old
sample thus comprised 225 subjects. Among them, 25
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mothers of infants did not complete depression or de-
mographic questionnaires, and 1 outlier on the amygdala vol-
ume was found. Hence, the 4.5-year-old sample consisted of
199 subjects, of which 106 were girls and 93 were boys.

Owing to challenges in imaging young children, only 21
subjects had good T1-weighted MRI images at the two time
points.

Maternal Depression Scale

The EPDS questionnaire (19) was administered to mothers at
26 weeks of pregnancy to assess depressive symptomatology.
The EPDS is a widely used 10-item self-report scale designed
as a screening instrument for postnatal depression and is valid
for use in prenatal and early postnatal depression. Each item of
the EPDS is scored on a 4-point scale (0-3), and items 3 and 5
to 10 are reverse scored.

The Beck Depression Inventory-Il (BDI-Il) and EPDS were
also administered to mothers at 3 months, 1 year, 2 years, 3
years, and 4.5 years postpartum. The BDI-Il is a widely used
21-item questionnaire that assesses the existence and severity
of symptoms of depression and predicts the severity of clinical
depressive symptoms (20). Each item of the BDI-Il is scored on
a 4-point scale (0-3). Higher total scores indicate more severe
depressive symptoms.

Prorated imputation was performed when 8 or 9 questions
were answered on the EPDS and 19 or 20 questions were
answered on the BDI-Il. To incorporate the EPDS and BDI-II
scores, each EPDS/BDI-II score at each time point was first
standardized. The standardization analysis was not restricted
in the sample of this imaging study; rather, it was applied to the
whole GUSTO sample (n = 1162). This study quantified post-
natal maternal depressive symptoms using the average value
over the course of the first 4.5 years postpartum (5) to repre-
sent the severity of postnatal maternal depressive symptoms
in the following statistical analysis.

MRI Acquisition and Analysis

Neonatal Brain. A total of 189 neonates underwent axial
fast spin-echo T2-weighted MRI (repetition time = 3500 ms,
echo time = 110 ms, field of view = 256 X 256 mm, matrix
size = 256 X 256, 50 axial slices with 2.0-mm thickness) at 5 to
17 days of life using a 1.5T GE scanner (GE Medical Systems,
Milwaukee, WI) at the Department of Diagnostic and Inter-
ventional Imaging of the KK Women’s and Children’s Hospital.
We obtained 2 acquisitions of the axial T2-weighted MRI while
subjects were sleeping in the scanner. No sedation was used,
and precautions were taken to reduce exposure to the MRI
scanner noise. A neonatologist was present during each scan.
A pulse oximeter was used to monitor heart rate and oxygen
saturation throughout the scans. All brain scans were reviewed
by a neuroradiologist (MVF). All axial slices of the T2-weighted
MRI data were visually inspected to ensure no cross-slice
motion or checkerboard patterns.

The neonatal brain tissue segmentation was based on a
Markov random field model as detailed in Qiu et al. (21). The
accuracies of the automated segmentation for the gray
matter, white matter, and amygdala were 0.793, 0.862, and
0.75, respectively, evaluated based on a volume overlap ratio
between the manual and automated segmentations of 20
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Table 1. Demographics of Children With the Good Imaging Data
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Neonatal Sample

4.5-Year-Old Sample

Measure (n =167) (n =199)
Child Characteristics
Gestational age, weeks, mean (SD) 38.868 (1.133) 38.814 (1.272)
Birth weight, g, mean (SD) 3117.413 (390.636) 3114.910 (424.445)
Apgar score, mean (SD) 9.006 (0.077) 9.000 (0.101)
Sex, male/female, n 88/79 93/106
Age, years, mean (SD) 0.027 (0.006) 4.585 (0.083)

Total brain volume, cm®, mean (SD)
Left amygdala volume, mm?2, mean (SD)
Right amygdala volume, mm?®, mean (SD)
Mother Characteristics
Prenatal maternal depression, mean (SD), [range]
Average (standardized) postnatal maternal depression, mean (SD)
Maternal ethnicity, %
Chinese
Malay
Indian
Maternal education, %
Primary school
Secondary school
Preuniversity, diploma, or technical course
University undergraduate level
Above university undergraduate level

547.737 (46.559)
210.497 (33.988)
185.449 (31.183)

8.623 (4.452), [0-21]

1082.940 (94.487)
1478.487 (167.960)
1616.513 (181.060)

7.889 (4.620), [0-21]

- 0.022 (0.908)
45,51 49.25
41.32 31.66
13.17 19.09
3.59 6.03
34.13 31.16
44.91 38.20
13.77 22.11
3.59 2.50

neonatal brain datasets (21,22). A cortical surface was con-
structed at the boundary between gray and white matter
using a graph-based topology correction algorithm (23). The
cortical thickness was measured as the distance between the
cortical surface and gray matter voxels at the boundary be-
tween gray matter and cerebrospinal fluid. The cortical
thickness was smoothed using the Laplace-Beltrami basis
functions on the cortical surface (24). For group comparison
of the cortical thickness, we employed a large deformation
diffeomorphic metric mapping algorithm (25,26) to align in-
dividual cortical surfaces to the atlas that was generated
based on the cortical anatomy of the same 20 subjects
(27,28) and transferred the thickness of each subject to the
atlas.

Child Brain. Children underwent MRl scans at 4.5 years (= 5
months) of age using a 3T Siemens Skyra scanner (Siemens
AG, Erlangen, Germany) with a 32-channel head coil at KK
Women’s and Children’s hospital. Children went through an
MRI home training program before the MRI visit and on-site
MRI training [see details in (7)]. High-resolution isotropic T1-
weighted magnetization prepared rapid acquisition gradient-
echo was acquired with the protocol (192 slices, 1-mm thick-
ness, in-plane resolution = 1 mm, sagittal acquisition, field of
view = 192 X 192 mm, matrix = 192 X 192, repetition time =
2000 ms, echo time = 2.08 ms, inversion time = 877 ms, flip
angle = 9°, scanning time = 3.5 minutes). The image quality
was verified immediately after the acquisition through visual
inspection when children were still in the scanner. A scan was
repeated if ring-like artifacts owing to the head motion were

observed on T1-weighted images. The image was removed
from the study if no acceptable image was acquired after 3
repetitions.

To eliminate potential profound effects of head motion on
our statistical results, we manually checked image quality
based on the stringent criteria in Ducharme et al. (29). Dis-
qualified images were excluded from this study. FreeSurfer
software (http://surfer.nmr.mgh.harvard.edu/) was then used to
label each voxel in the usable T1-weighted image as gray
matter, white matter, cerebrospinal fluid, or subcortical struc-
tures (e.g., hippocampus, amygdala, thalamus, caudate, pu-
tamen, globus pallidus) (30). FreeSurfer employed a Markov
random field model that requests a prior probability obtained
from a training dataset with T1-weighted images and their
manual structural labels. In this study, we reconstructed the
prior probability in the Markov random field model based on
the manual segmentation of 30 Asian children and embedded it
in FreeSurfer (replacing RB_all_2008-03-26.gca under freesurfer/
average). A postprocessing quality check was conducted
following by the instruction in https://surfer.nmr.mgh.harvard.
edu/fswiki/FsTutorial/TroubleshootingData. The segmenta-
tion accuracy was assessed using a volume overlap ratio be-
tween the automated and manual segmentations. The
accuracies of the automated segmentation for the gray matter,
white matter, and amygdala were 0.93, 0.92, and 0.90,
respectively.

For group comparison of the cortical thickness, we
employed large deformation diffeomorphic metric mapping
(25,26) to align individual cortical surfaces to the atlas and
transferred the thickness of each subject to the atlas.
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Prenatal Maternal Depressive Symptoms

Neonatal girls
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Figure 1. Influence of prenatal maternal depres-
sive symptoms on amygdala volume-cortical
thickness structural covariance in girls. (A) Influ-
ence of prenatal maternal depression on left
amygdala volume—cortical thickness structural

- B=0.617 covariance in neonatal girls. (B) Influence of pre-
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Statistical Analysis

Owing to the limited MRI sample size with all the 2-time points,
our analysis in this study was done in a cross-sectional manner.
Associations of prenatal maternal depressive symptoms with
the amygdala volume—cortical thickness structural covariance
at each time point were examined with a regression model,

Y ~ covariates + amygdala_volume
+ prenatal maternal depressive symptoms
+ amygdala_volume
X prenatal maternal depressive symptoms,

where Y denotes cortical thickness at each vertex of the
cortical surface. An F contrast was used to examine the effect
of amygdala_volume X prenatal maternal depressive symp-
toms. The regression analysis was run for all the vertices on
the cortical surface. Multiple comparisons across the vertices
on the cortical surface were corrected based on random field
theory (31) with a vertex-level p < .001, a cluster level of sig-
nificance p < .05, and cluster size (cortical surface area) > 100
mm? for 4.5-year-old data and > 24 mm? for the neonatal
brain. The thresholds were different because of the difference
in the cortical surface areas at birth and 4.5 years of age. The
above regression model was examined for girls and boys.
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This study considered variables that were related to either
the brain structure or prenatal maternal depressive symptoms
as covariates in the above regression analysis. Hence, age at
MRI and maternal ethnicity and education were included as
covariates. The score of postnatal maternal depressive
symptoms was also considered as a covariate for 4.5-year-old
data in the regression model.

Post hoc analyses were further performed to examine the
coupling of the right or left amygdala volume with the cortical
thickness in groups, with a prenatal maternal depression score
greater than its median value (high group) and equal to or lower
than the median value (low group). The median values of the
prenatal maternal depression score were computed based on
the whole sample for the robustness of statistics. The cortical
thickness used in this post hoc analysis was computed as the
average value of thickness over the cortical regions within each
significant cluster identified in the above regression model.

RESULTS

Demographics

Table 1 lists the demographic information of the samples at
birth and 4.5-year-old time points. The two samples did not
differ in gestational age (t = 0.427, p = .670), birth weight
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Table 2. Effects of Prenatal Maternal Depressive Symptoms
on Amygdala-Cortical Thickness Structural Covariance in
Neonatal and 4.5-Year-0Old Girls

Amygdala-Cortical Corrected  Surface
Sample Region Association p Value  Area, mm?
Neonatal L amygdala-L insula <.001 31.1
4.5-Year-Old R amygdala-L inferior frontal .029 115.6

Surface area and random field theory—corrected cluster p values are
presented.
L, left; R, right.

(t =0.058, p = .954), Apgar score (t = 0.629, p = .530), maternal
education (x2 = 6.139, p = .189), sex (x2 = 1.291, p = .256),
maternal ethnicity (32 = 4.558 p = .102), and prenatal maternal
depressive symptoms (t = 1.701, p = .090). Among the samples
at birth (n = 167) and 4.5-year-old (n = 199) time points,
25 mothers had a score of prenatal maternal depressive
symptoms (EPDS score) greater than 13.

Among the subjects who underwent the MRI scanning, the
prenatal maternal depression scores were not significantly
different between neonates with and without usable brain im-
age data (t = —0.425, p = .671). Similarly, there was no dif-
ference between 4.5-year-old children with and without usable
brain image data (t = 0.183, p = .855). Moreover, there was no
statistically significant difference in prenatal maternal depres-
sive symptoms between boys and girls in the neonatal
(t = —0.062, p = .951) and 4.5-year-old (t = 1.556, p = .121)
samples with usable MRI data. Prenatal maternal depressive
symptoms were associated with maternal education
(r=—.121, p < .001), maternal ethnicity (F = 7.490, p = .001),
sex (t = —1.991, p = .047), and postnatal maternal depressive
symptoms (r = .469, p < .001). Hence, maternal education and
ethnicity were considered as covariates in our statistical
analysis. The postnatal maternal depressive symptoms were
considered as covariates for the 4.5-year-old time point.

Influences of Prenatal Maternal Depressive
Symptoms on the Amygdala-Cortical Circuitry

Girls. At birth, there was a significant association of prenatal
maternal depressive symptoms with the left amygdala-left
insula structural covariance in girls (corrected p < .001)
(Figure 1A and Table 2). Post hoc analysis revealed a signifi-
cant positive coupling between the left amygdala volume and
left insula thickness in the group with prenatal maternal
depressive symptom scores greater than 9 (median score)
(Bo2 = .617, p = .001), and no significant coupling in the group
with prenatal maternal depressive symptom scores less than
or equal to 9 (B45 = —.236, p = .128).

At 4.5 years of age, there was a significant association of
prenatal maternal depressive symptoms with the right
amygdala—left inferior frontal structural covariance in girls
(corrected p = .029) (Figure 1B and Table 2). Post hoc analysis
revealed a significant negative coupling between the right
amygdala volume and left inferior frontal thickness in the group
with prenatal maternal depressive symptom scores greater
than 8 (median score) (B4; = —.369, p = .008) and a significant
positive coupling in the group with prenatal maternal depres-
sive symptom scores less than or equal to 8 (Bs5 = .474,
p =.001).
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Boys. Prenatal maternal depressive symptoms were not
associated with the amygdala—cortical structural covariance in
neonatal or 4.5-year-old boys.

DISCUSSION

The current study investigated the associations of prenatal
maternal depressive symptoms with the amygdala—cortical
structural covariance in neonatal and 4.5-year-old girls and
boys. Girls whose mothers had high prenatal maternal
depressive symptoms showed a positive coupling between the
amygdala volume and insula thickness at birth but showed a
negative coupling between the amygdala volume and inferior
frontal thickness at 4.5 years of age. These findings suggest
that maternal mental health plays an essential role in the
modulation of amygdala—prefrontal development during early
life. Such associations are dependent on the timing of brain
development and happen mostly in girls.

The amygdala, along with other subcortical structures,
typically develops early and becomes mature during child-
hood, while the cortex, particularly the prefrontal cortex, has a
later maturation period (32,33). During typical development, the
amygdala functional coupling with the subcortical regions is
stable. However, the amygdala functional coupling with the
prefrontal cortex, insula, and posterior cortex exhibits vast
changes from early childhood through adulthood, character-
ized by the appearance of both positively and negatively
correlated coupling (34). Our findings significantly overlap with
these cortical regions, suggesting that these developmental
changes could be modulated by prenatal environmental risks.

Our findings showed a positive coupling of the amygdala
with the insula at birth but showed a negative coupling with the
inferior frontal cortex at 4.5 years of age in girls with high
prenatal maternal depressive symptoms. The amygdala and
insula share roles in processing emotion and saliency (35,36),
while the inferior frontal cortex plays a role in evaluating
emotional information, response inhibition, and emotion
regulation through the modulation of the amygdala’s response
(37-40). A higher amygdala—insula functional connectivity in
neonates was associated with greater fear in 6-month-old in-
fants (41). A higher amygdala-insula functional connectivity in
neonates was also associated with greater internalizing
symptoms at 2 years of age (42). Moreover, altered amygdala
and inferior frontal functional connectivity has been found in
youths (43,44) and adults (12) with major depressive disorder.
Greater prenatal maternal depressive symptoms were associ-
ated with greater development of the white matter tracts
connecting the amygdala and inferior frontal region (i.e., un-
cinate fasciculus) in 2.6- to 5.1-year-old children (8). Our
amygdala—prefrontal structural covariance findings in relation
with prenatal maternal depressive symptoms are consistent
with our previous findings on the amygdala functional net-
works, derived from resting-state functional MRI of the same
cohort, in terms of brain regions, timing, and association di-
rections (5,6). Greater prenatal maternal depressive symptoms
are associated with greater left amygdala-left insula functional
connectivity in 6-month-old infants (6) and with right
amygdala-left prefrontal cortex in 4.5-year-old girls (5). It is
unclear why our findings were shown at the specific laterality of
the amygdala and the cortex. The literature regarding the
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laterality of the amygdala dysfunction in depression is also
mixed (12,45). Nonetheless, our findings derived from both
structural and functional MRI data showed the same trend of
the amygdala—cortical lateralization at each time point.

Prenatal maternal depressive symptoms were positively
associated with the structural coupling of the amygdala—
prefrontal circuits at birth but were negatively associated
with the structural coupling of the amygdala—prefrontal circuits
during early childhood. Such a shift was also observed across
typical brain development from early childhood to early
adulthood, implicating an intriguing model for the general
development of regulatory connections between the amygdala
and the prefrontal cortex (34,46). In other words, earlier
amygdala development may drive heavier bottom-up signaling
early in life, accelerating prefrontal development. As top-down
signaling increasingly emerges over time, the prefrontal cortex
plays a role in regulating signals from the amygdala (34,46).
Nevertheless, in typical development, this shift of a positive
connectivity to a negative connectivity occurs around the
transition from childhood to adolescence. In our study, this
shift happened much earlier, suggesting that prolonged
exposure to maternal adversity might modulate the typical
development of the amygdala—prefrontal cortex. In other
words, early childhood is a critical and malleable period in the
amygdala—cortical formation, along with increased vulnerability
to environmental influences.

The amygdala—prefrontal structural covariance is a function
of prenatal environment, which may appear to be sex depen-
dent. This corroborates with evidence suggesting that sex-
dependent associations of prenatal maternal depressive
symptoms with early brain development are apparent only in
girls (5,7,9). Furthermore, given that female individuals are
more vulnerable to major depressive disorder (47,48), it is not
surprising that the same risk factor, present in both male and
female individuals, might predominantly alter the amygdala
neurocircuitry in female individuals. Exact mechanisms that
explain the presence of sex-dependent effects have yet to be
clearly defined and need further investigation. One possible
mechanism for such sex-dependent influences could be linked
with stress. Female fetuses are more susceptible to changes in
stress levels and the presence of sex-dependent time windows
when the fetus is vulnerable to a maternal environment (49).
The placenta appears to be responsive to changes in stress
signals such as maternal glucocorticoid concentration (50).
Elevated placental corticotropin-releasing hormone during
pregnancy was associated with more fearful temperament and
higher levels of distress behaviors in female infants (51). Pre-
natal exposure to maternal cortisol is associated with fearful
temperament in female infants (51) and with a larger amygdala
volume in 7-year-old girls (9). Despite this, some evidence
suggests fetal exposure to maternal depression and stress as
independent risk factors (50,52), which might need further
investigation.

This study, to the best of our knowledge, is the first to
investigate environmental (i.e., prenatal maternal depression)
risk factor on the amygdala—cortical structural covariance in a
relatively large sample across two time points (i.e., neonatal and
4.5-year-old girls and boys). While the neonatal and young
children’s neuroimaging datasets in this study are unique in their
timing of acquisition and the number of subjects involved, it is
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nevertheless a modest sample size for our analysis on the
amygdala—cortical structural covariance. Moreover, owing to
challenges in imaging young children, our study had only 21
subjects with good MRI scans across the 2 time points. Hence,
our study did not combine all brain data or employ longitudinal
statistical models to examine associations of prenatal maternal
depressive symptoms with the amygdala—cortical structural
covariance from birth to early childhood. Last but not least, our
assessment of maternal depressive symptoms was based on a
standard screening tool intended to elicit a subjective report of
emotional well-being, but it did not lead to a clinical diagnosis.
The brain variations in the offspring are thus best considered as
being associated with self-reported depressive symptoms and
not with clinical depression per se.

To conclude, our study investigated the associations of
prenatal maternal depressive symptoms with the amygdala-
cortical neurocircuitry in girls from birth to early childhood.
Our findings suggest that early childhood is a critical and
malleable period in the formation of the amygdala-cortical
network along with increased vulnerability to environmental
influences. The vulnerability of the development of the
amygdala—cortical circuitry to environmental factors related to
depression might be sex dependent.
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