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ABSTRACT

Maternal prenatal distress (PD), frequently defined as in utero prenatal stress exposure (PSE) to the
developing fetus, influences the developing brain and numerous associations between PSE and
brain structure have been described both in neonates and in older children. Previous studies
addressing PSE-linked alterations in neonates’ brain activity have focused on connectivity analyses
from predefined seed regions, but the effects of PSE at the level of distributed functional networks
remains unclear. In this study, we investigated the impact of prenatal distress on the spatial and
temporal properties of functional networks detected in functional MRI data from 20 naturally
sleeping, term-born (age 25.85+7.72days, 11 males), healthy neonates. First, we performed group
level independent component analysis (GICA) to evaluate an association between PD and the
identified functional networks. Second, we searched for an association with PD at the level of the
stability of functional networks over time using leading eigenvector dynamics analysis (LEiDA). No
statistically significant associations were detected at the spatial level for the GICA-derived networks.
However, at the dynamic level, LEiDA revealed that maternal PD negatively associated with the
stability of a frontoparietal network. These results imply that maternal PD may influence the stability
of frontoparietal connections in neonatal brain network dynamics and adds to the cumulating
evidence that frontal areas are especially sensitive to PSE. We advocate for early preventive
intervention strategies regarding pregnant mothers. Nevertheless, future research venues are
required to assess optimal intervention timing and methods for maximum benefit.
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have indicated that there are close links between PSE and
child’s structural brain development (Lautarescu et al., 2020).
Timing and nature of PSE remains also a factor, as several
studies have found variable effects of distinct types of PSE on
offspring outcomes, such as psychiatric disease burden and
resilience factors (Guo et al, 2019; Khashan et al, 2008;
Serpeloni et al., 2019).

Studies addressing PSE-linked functional associations have

Introduction

Maternal prenatal distress (PD) is common as ca. 30% of
pregnant women report psychosocial stress via work-related
stress as well as depressive/anxiety symptoms (Loomans
et al., 2013). This may be relevant for transmission of inter-
generational  health risks (O’'Connor et al, 2014).
Correspondingly, maternal PD can be conceptualized as in

utero prenatal stress exposure (PSE) to the fetus. PSE has
potentially numerous adverse effects on later development
such as increased risk for psychiatric disorders (O’'Donnell
et al, 2014) and less advanced cognitive development
(O'Connor et al, 2014), including numerous phenotypes that
are closely linked to brain function. Indeed, numerous studies

been scarce and mainly used seed-based connectivity analy-
ses of the bilateral amygdala (Posner et al., 2016; Qiu et al.,
2015; Scheinost et al., 2016; Soe et al., 2018). In these studies,
the functional connectivity from amygdala to subcortical and
prefrontal regions had negative associations with different
measures of PSE, mainly maternal depression and anxiety
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symptoms, quantified by a binary system of maternal clinical
diagnosis of depression/anxiety (Scheinost et al., 2016), Center
for Epidemiological Studies Depression Scale (CES-D) (Posner
et al, 2016) and Edinburgh Postnatal Depression Scale (EPDS)
(Qiu et al., 2015; Soe et al., 2018). Our recent work extended
the analyses to whole brain voxel-wise activity profiles and
this work implicated a positive association between neonatal
fractional amplitude of low-frequency fluctuations (fALFF) in
ventromedial prefrontal cortex (vmPFC) and a positive associ-
ation of frontoparietal areas with vmPFC seed-based connec-
tivity (Rajasilta et al., 2022). No studies have however, mapped
the effects of PSE to neonate distributed functional networks,
both in terms of their spatial configuration or their dynamics
over time.

In the current study, we used a composite distress score of
maternal depressive and anxiety symptoms as a measure for
PSE. We derived our composite distress score as a sum of indi-
vidual Symptom Checklist 90 (SCL-90) anxiety subscale and
Edinburgh Postnatal Depression Scale (EPDS) questionnaire
scores for each mother, filled our during the 2nd trimester. We
analyzed functional MRI data from 20 naturally sleeping,
term-born (postmenstrual age 43.7, SD 0.7 weeks) healthy neo-
nates acquired over 6 min with a combination of independent
component analysis (ICA) and a novel method to detect the
activation of functional networks over time, called Leading
Eigenvector Dynamics Analysis (LEiDA) (Cabral et al, 2017;
Stark et al., 2020). We hypothesized, as observed in our prior
study (Rajasilta et al., 2022), that PSE would be associated with
the dynamics of these networks. This study was explorative
and thus we did not place a more specific hypothesis.

Methods

This study was conducted in accordance with the Declaration
of Helsinki, and it was approved by the joint Ethics Committee
of the Hospital District of Southwest Finland and University of
Turku (15.03.2011) 8§95, ETMK: 31/180/2011. Informed written
consents were obtained from parents before MRI scans were
conducted.

Participants

Twenty-eight full-term born healthy infants (Table 1) were
randomly recruited from the FinnBrain Birth Cohort Study
(Karlsson et al., 2018) to be included to (f)MRI scans (func-
tional data were scanned during year 2015). Exclusion criteria
included perinatal complications of neurological involvement,
less than 5 points in the 5min Apgar, previously diagnosed
central nervous system anomaly, postmenstrual age at deliv-
ery less than 32weeks and birth weight less than 1500g.

Demographics and maternal prenatal psychological
distress measures

Obstetric data was obtained from the Finnish Medical Birth
Register of the National Institute for Health and Welfare (www.
thlfi). All questionnaires assessing maternal psychological
health were filled in by the mothers during the 24th

gestational week. Maternal depressive symptoms during preg-
nancy were assessed by implementing EPDS, while assessment
of maternal anxiety symptoms was performed with SCL-90.
SCL-90 and EPDS scores were summed to generate a measure
of maternal psychological distress (PSE composite dis-
tress score).

MR image acquisition

For a detailed description of the visit, preparations, hearing
protection, MR sequences, etc., please see our prior report
(Rajasilta et al., 2020). All scans were carried out during natural
sleep at the gestation corrected age of 25.85+7.72days. Infants
were fed with (breast) milk prior to the scanning session and
protected from excess noise by dual hearing protection (sili-
cone putty earplugs and earmuffs). Parents were allowed to
stay in the scanner room throughout the scan, during which
the session was continuously monitored by research personnel.
Each infant underwent an MRI scanning session of the brain,
including a 6-min resting-state fMRI sequence, conducted with
Siemens Magnetom Verio 3T MRI scanner (Siemens Medical
Solutions, Erlangen, Germany) equipped with a 12-element
Head Matrix coil. MRI enables safe and noninvasive studies of
brain structure and function even in infants. As part of a max-
imum of 60-min scan, we acquired (1) T1-and T2-weighted ana-
tomical scans at 1Tmm? spatial resolution and (2) a 6-min
duration EPI (Echo-planar imaging) sequence with 42 slices
with voxel size of 3x3 x 3mm, TR 2500ms, TE 30ms, FOV of
216x216mm and flip-angle (FA) of 80 degrees.

Image preprocessing

The generated images of 20 subjects were preprocessed with
MELODIC toolbox of FSL: motion correction, slice timing cor-
rection, brain extraction, spatial smoothing FWHM of 5mm,
grand-mean intensity normalization of the entire 4D dataset
and high-pass temporal filtering (c=100s). The images were
co-registered to UNC infant T2 template space with linear full
search and 12 degrees of freedom (DOF) using FLIRT.
Subject-level ICA was used for separating noise and signal
components for manual denoising. Subject-level ICA yielded
24-45 components per subject, out of which on average
51.2% (35.0-60.7%) were classified as noise components and
regressed out of the data with fslregfilt. Motion parameters of
the whole included sample are available in Table 2.

Spatial alterations in brain networks

We first performed group ICA (GICA), which identifies networks
that are common to all participants. Based on our prior work,
the number of GICA components was set to 40 (Rajasilta et al.,,
2020). For this data set, out of GICA runs with 30, 40, 50, 60
and automatic dimensionality estimation (yielding 111 compo-
nents), setting the number of components to 40 generated a
well-balanced compromise of plausible signal and noise com-
ponents (the signal components are provided in Supplementary
figure 4). We then used dual regression that uses the group
level ICA maps to perform multivariate temporal regression of
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Table 1. Demographics of subjects included in GICA and LEiDA analyses.
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Male Female
Variable Whole sample N=20 N=11 N=9
M=SD (range); For Apgar points, the median is reported
Neonates Age from birth (weeks) 3.72+1.11 347+£1.14 4.03+1.06
(1.57-5.71) (1.57-5.14) (2.71-5.71)
Age from term (weeks) 3.64+0.71 3.34+0.63 4.00+0.65
(2.43-4.71) (2.43-4.43) (3.00-4.71)
Postmenstrual age during scanning 43.71+0.72 43.42+0.73 44.06+0.56
(weeks) (42.43-44.71) (42.43-44.57) (43.29-44.71)
Gestational weight when born (g) 3578+343 3536+295 3628+406
(3085-4395) (3105-3980) (3085-4395
Head circumference when born (cm) 3525+1.11 35.50+£1.12 34.94+1.07
(33.0-37.5) (34.0-37.0) (33.0-37.0)
Apgar points at 1min (MAD) 9.00 (1.45) 9.00 (1.64) 9.00 (1.21)
(3-10) (3-10) (3-9)
Apgar points at 5min (MAD) 9.00 (0.56) 9.00 (0.36) 9.00 (0.79)
(6-10) (8-10) (6-10)
MothersFrequencies Maternal age (years) 29.05+4.44 28.64+4.74 29.56+4.28
(19-37) (19-37) (24-36)
Pre-pregnancy BMI (kg/m?) 25.60+3.53 25.15+3.77 26.15+£3.35
(20.03-33.06) (20.03-31.24) (21.05-33.06)
EPDS score 3.65+3.30 4.00+2.45 3.22+4.37
(0-11) (0-8) (0-11)
SCL-90 score 295+3.15 400+3.31 1.67+2.55
(0-10) (0-10) (0-8)
Composite distress score 6.60+5.69 8.00+5.12 4.89+6.17
(0-18) (0-17) (0-18)
Maternal monthly income (€):
<1000 4 1 3
1001-2000 1 6 5
2001-3000 4 4 0
3001-4000 1 0 1
>4000 0 0 0
Maternal education level:
Low 7 2 5
Mid 6 3 3
High 7 6 1
Maternal use of alcohol during 4/16 2/9 2/7
pregnancy (yes/no)
Frequency of maternal use of alcohol 0/1/3 0/11 0/0/2
during pregnancy
Maternal use of illicit substances during 1719 0/11 1/8
pregnancy (yes/no)
Frequency of maternal use of illicit 0/0/1 0/0/0 0/0/1

substances during pregnancy

Maternal monthly income is divided into five categories (1 = <1000€/2=1001-2000€/3=2001-3000€/4=3001-4000€/5 = >4000€). maternal education was tri-
chotomized (1 = high school graduate or lower; 2 = college degree; 3=University degree). frequency of maternal use of alcohol or illicit substances during
pregnancy were trichotomized (more than 1-2 times a month/1-2 times a month/less frequently). M: mean; SD: standard deviation; MAD: mean absolute devi-
ation; EPDS: Edinburgh postnatal depression scale 10-point questionnaire; SCL-90: Symptom checklist anxiety questionnaire.

Table 2. Motion parameters of whole sample (N=20).

Std.
Range Min Max Mean dev Variance
Mean FD 6.70 0.06 6.76 0.75 1.45 2.12
Translation (X) 0.45 —-0.02 0.26 0.01 0.13 0.02
Translation (Y) 1.06 -0.52 0.54 0.21 0.26 0.07
Translation (Z) 3.68 -3.13 054  —045 0.77 0.60
Rotation (X) 0.24 -0.17 0.07 0.05 0.46 0.00
Rotation (Y) 0.15 —0.06 0.09 0.04 0.03 0.00
Rotation (2) 0.41 —-0.02 0.38 0.03 0.10 0.01

the individual component time courses to yield subject specific
spatial maps, whose properties can then be investigated in
voxel-wise general linear model (GLM) with chosen covariates.

Temporal alterations in brain networks

LEiDA was chosen as the processing method for network
dynamics investigation, as it detects the activation of

functional networks with high temporal precision, unlike
correlation-based measures of functional connectivity, which
need to be calculated over sliding time windows affecting the
derived metrics. Indeed, the sliding-window approach has been
shown to amplify spurious variations and there is no consen-
sus on the optimal sliding-window parameters, especially in
infant data (Leonardi & Van De Ville, 2015; Savva et al,, 2019).
Moreover, LEIDA only considers a single vector of size 1xN to
describe the phase relationships between N brain regions at
each time point - rather than the full NxN matrix, which has
shown to reveal functional networks that closely overlap with
canonical “resting-state networks” or “intrinsic connectivity net-
works” in adult (Cahart et al., 2022; Lord et al.,, 2019; Vohryzek
et al,, 2020). To our knowledge, LEIDA has not yet been applied
on infant fMRI data, but it was recently applied on early ado-
lescent data revealing meaningful networks, indicating that
these patterns may be detected across human developmental
stages (Fasano et al., 2023).
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To apply LEIDA we first obtained the average fMRI sig-
nals in 90 cortical and subcortical areas defined according
to the UNC neonate AAL atlas (Automated Anatomical
Labelling) using fsImeants from FSL. The time courses were
then bandpass filtered (0.02-0.10Hz), the analytic phase
obtained using the Hilbert transform, and the leading
eigenvectors of the phase coherence matrices were calcu-
lated at each time point (Cabral et al., 2017). The eigenvec-
tors were then clustered via K-means clustering using
cosine similarity as the distance measure and 200 replicates.
For the purpose of this explorative study, the number of
clusters (K) was varied between 2 and 8, based on previous
studies indicating that the optimal number of intrinsic net-
works is typically between 3 and 8 (Cabral et al., 2017; Lord
et al., 2019; Fasano et al., 2023). Each clustering yielded K
patterns of phase-relationships in brain activity - or
Functional Connectivity (FC) states — whose probability of
occurrence can be used in statistical inference (Cabral et al.,,
2017). We placed an emphasis on describing the brain net-
works that emerge from each clustering solution and
exploring their associations to PSE (rather than formally
assessing the best clustering solution).

For the purpose of this study 20 out of 27 scanned neo-
nates had usable data, i.e, 6 subjects were excluded due to
clear over motion and one participant due to corrupted signals.

Statistical analyses

First, we used FSL randomize to perform voxel-wise statis-
tics testing associations between GICA maps and PSE with
5000 permutations. We included as covariates/controlled for
neonate sex, gestational age at scanning, and age from
birth. Second, we used JASP (version 0.16.1.0) to test asso-
ciations of LEiDA-derived network probabilities (conven-
tional tabular data) of occurrence and PSE with ANCOVA
models, including Levene’s test and normality checks. We
included the following covariates: neonate sex, postmen-
strual age at scanning, and age from birth in all models. We
then performed “sensitivity analyses” that controlled for
neonate birth weight and maternal pre-pregnancy Body
Mass Index (BMI). We corrected the statistical tests for mul-
tiple comparison with Bonferroni correction over the num-
ber of clusters, i.e., for each independent hypothesis tested
per LEiDA clustering solution.

Results
Spatial alterations in brain networks

GICA networks were expectedly well aligned with our prior
report (Rajasilta et al., 2020). We did not find associations
between GICA defined networks (displayed in Supplementary
Materials, Figure 4) and PSE using dual regression.

Temporal alterations in brain networks

The repertoire of network patterns — or FC states - captured
with LEiDA was found to reveal canonical resting-state networks
described in the literature (Supplemental figure 1) replicating
prior reports with static and dynamic methods (Eyre et al., 2021;
Rajasilta et al., 2020). While the patterns obtained when cluster-
ing with K=2 to K=5 did not show statistically significant asso-
ciations with PSE, when clustering the patterns into six clusters,
we observed a robust effect of maternal composite distress
score on the probability of occurrence of the frontoparietal net-
work (Figure 1, Supplemental figure 2) after controlling for neo-
nate sex, postmenstrual age at scanning and age from birth,
F(1, 18) = 15774, p=0. 001, w? = 0.293, which survived
Bonferroni correction over the number of independent hypoth-
eses tested (corrected p=0.006). This association was specific to
the implicated frontoparietal network (Supplemental figure 3).

Sensitivity analyses

Levene’s test and normality checks were carried out and the
assumptions met. The effect sizes were smaller but statisti-
cally significant in  our sensitivity analyses where
maternal-pre-pregnancy BMI and neonate birth weight were
additionally controlled for, F(1, 18) = 7.757, p=0.015, w? =
0.170). This network also appeared in clustering solutions
with seven (FC state 4) and eight (FC state 4) networks and
had similar associations with PSE composite distress score in
fully controlled ANCOVA models that included all covariates
of the sensitivity analyses (K=7, F(1, 18) = 7.997, p=0.014, w?
= 0.183; K=8, F(1, 18) = 5.637, p=0.034, w? = 0.127). This
gives assurance that the effects are not subject to clustering
solutions. We also performed ANCOVA and partial correlation
analysis for our main result with mean FD as an additional
covariate of no interest. No significant change to our main
result was observed for either models (For ANCOVA, F(1, 18)

Figure 1. Maternal prenatal distress associates negative with the probability of occurrence of a frontoparietal network: (A) visualization of the brain network #3
identified from clustering solution with 6 clusters; (B) scatter plot of the association between probability of occurrence and PSE (spearman’s rho=-0.659, p=0.004,

Bonferroni-corrected p=0.024).
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= 14.020; p=0.002, w? = 0.283; For partial correlation analysis,
Spearman’s rho=-0.653, p=0.006, Bonferroni corrected
p=0.036).

Finally, we performed ANCOVA and partial correlation anal-
ysis to uncover whether neonate age variables independently
associated with our GICA results and frontoparietal network
probability of occurrence. There were no statistically signifi-
cant relationships between any age variable and GICA results.
The brain network of interest from LEiDA showed a negative
associated to age from birth (Spearman’s rho=- 0471,
p=0.036) and was also statistically significant in our ANCOVA
model F(1, 18) = 10.636, p=0.005)

Discussion

The current study probed the links between PSE and neona-
tal whole brain networks for both spatial and dynamic fea-
tures. We found a statistically robust negative association
with the probability of occurrence (stability) of a frontopari-
etal network and PSE that was defined as a composite dis-
tress score of depressive and anxiety symptoms. No
associations were found between static network FC and PSE.
To bring our findings to context, we briefly review the four
prior fMRI studies that have addressed the links between PSE
and neonate brain function, as well as one fetal fMRI study.
Here we focus on the functional MRI studies that focused on
the associations between neonatal brain functional and
maternal PSE, but we note that there is a rich literature on
maternal health, including maternal PSE, and neonate brain
structure (Lautarescu et al., 2020; Pulli et al., 2019).

Thomason et al. (2021) investigated prenatal stress
exposure-associated functional connectivity changes in ca.
32.9week-old fetuses (N=118; 48 female). PSE was assessed
using a single summation score derived from five different
self-reports questionnaires: Center for Epidemiological Studies
Depression Scale (CES-D), the State Trait Anxiety Inventory
(STAI-T), the Penn State Worry Questionnaire (PSWQ), the
Perceived Stress Scale (PSST) and the Satisfaction with Life
Scale (SWLS). They also employed maternal salivary cortisol
measurements, when available. Fetal brain networks were
derived using functional parcellation of the functional MRI
data (197 ROls). Brain-stress relationships were then assessed
using mixture modeling. The researchers found alterations in
fetal FC encompassing intra-hemispheric superior frontal and
motor regions, as well as interhemispheric posterior insula,
temporoparietal brain regions and striatum. Supporting the
current study, they also found significant differences in FC
between anterior and posterior frontal and parietal regions,
as well as within connectivity of superior frontal gyrus associ-
ating with intrauterine stress exposure. Finally, they revealed
an inverse relationship between fetal gestational age and
overall magnitude of maternal stress.

Scheinost et al. (2016) used two data sets/cohorts focusing
on very/extremely preterm neonates with or without PSE,
defined as a binary classification for maternal prenatal diag-
nosis of depression, compared with term controls. Seed-based
connectivity analyses revealed that very preterm subjects
exhibit reduced amygdala connectivity to subcortical
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structures when compared to term controls. Extremely
preterm neonates with PSE have further reduced amygdala
FC to subcortical structures when compared to extremely
preterm neonates without PSE indicating that PSE further
reduces amygdala FC to subcortical structures.

Posner et al. (2016) studied 64 infants with (n=20) and
without (n=44) in utero exposure to prenatal maternal
depression. PSE-exposed infants had more negative func-
tional connectivity between amygdala and dorsal prefrontal
cortex (AMG-dPFC) and altered AMG-dPFC FC further associ-
ated with greater prenatally assessed stress responses (fetal
heart rate measurements). Of note, this study also assessed
structural connectivity and found decreased structural con-
nectivity between right amygdala and right ventral prefrontal
cortex in neonates with PSE exposure.

Qiu et al. (2015) studied older infants, 24 infants at
6months age (12 males and 12 females). PSE was assessed
via self reports with Edinburgh prenatal depression scale
(EPDS) at 26 weeks of gestation and 3 months after delivery.
Pre- and postnatal EPDS scores that were found to be simi-
lar. They found a positive association between EPDS scores
and infant left amygdala FC between left temporal cortex,
insula and bilateral anterior cingulate cortex (ACC), medial
prefrontal cortex (mPFC) and ventromedial prefrontal cortex
(vmPFQ).

Another study from the same cohort studied similar asso-
ciations in older children. Soe et al. (2018) scanned 128 chil-
dren at 4.4-4.8years of age. PSE was measured with maternal
self reports via EPDS-questionnaire at 26 wk of gestation,
3months, 1, 2, 3 and 4.5years after delivery. The authors
used prenatal EPDS scores, a mean EPDS score value of
postnatal EPDS scores and their difference as variables of
interest. They found no associations in boys. In girls they
found that prenatal PSE (depressive symptoms) associated
with FC of amygdala and cortico-striatal circuitry (orbitof-
rontal cortex, insula, anterior cingulate cortex, temporal
pole, striatum). Further, in girls only, greater pre- than
post-natal depressive symptoms associated with lower FC
between left amygdala and bilateral anterior cingulate cor-
tex, left caudate; right amygdala and left orbitofrontal cor-
tex, insula and temporal pole.

Taken together, the main method for studying links
between PSE in newborns has been seed-based connectivity
of the amygdala, and implicated regions encompass striatal
and frontal brain areas with PSE associating to decreased
connectivity. All prior studies, including our own, is cross sec-
tional, and definition of maternal prenatal “stress” is variable
across studies. Our study used a general population-based,
non-clinical sample and used a continuum of symptom scores
similar to some prior reports (Qiu et al, 2015; Soe et al,
2018). Although no clear clinical cutoff scores have been
established for EPDS and SCL, generally a score of 10 has
been implicated as a clinically meaningful threshold for symp-
toms of depression or anxiety in pregnancy (Karlsson et al.,
2018). It is important to note that maternal prenatal stress is
only partly captured by depressive and anxiety measure-
ments. More comprehensive approaches may reveal patterns
of stress exposure that better explain offspring outcomes at
peripartum and postnatally (Walsh et al., 2019).
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During normal development, amygdala seed-based FC
becomes negatively associated with age at many overlapping
posterior brain regions found in the frontoparietal areas
(Gabard-Durnam et al., 2018). The developmental trajectories
of the connectivity indicate that frontoparietal networks are
slow to achieve adult-like topology (Gao et al., 2015), which
may render them vulnerable to stressors (Graham et al., 2021).
Overall, there is cumulating evidence pointing toward stress
exposure associated with accelerated brain maturation (Gao
et al, 2015; Graham et al, 2021), and this may well be
reflected in amygdalar FC to frontal and parietal regions.

The overall implication of destabilized frontoparietal net-
work dynamics is intriguing as similar network patterns are
frequently linked to later child outcomes - albeit with differ-
ent fMRI methods. Frontoparietal regions have been linked to
PSE in fetal studies (Graham et al., 2021) and also to behav-
ioral phenotypes in 1-month-old infants (Kelsey et al., 2021).
Later in development, frontoparietal networks are often
referred to as attention networks and are implicated in neuro-
developmental disorders (Wang et al., 2019) and mental health
(Schultz et al., 2018). The frontoparietal network identified in
LEiDA associated negatively with both maternal prenatal dis-
tress scores and age from birth (but not with PMA), which
could be a sign of accelerated early postnatal brain develop-
ment. This would be in line with stress acceleration hypothesis
(Callaghan & Tottenham, 2016). However, we note that there is
scarce information on normative knowledge on neonatal brain
dynamics and that we did not obtain measures of early child
rearing, which could also be affected by perinatal distress.

Limitations

The current study had a small sample size, and future
larger-scale studies are needed to confirm our findings that
are best regarded as preliminary. Additionally, normal fea-
tures and developmental changes in neonatal dynamic func-
tional connectivity are not well understood, which limits the
interpretability of the findings. However, there are recent
reports with similar methodology that give insights into typ-
ical functional network dynamics in neonates (Franca et al.,
2022). Our cross-sectional measurements do not allow causal
inference and distress scales are based on self-reports, and
are unable to capture mediating biological/physiological
mechanisms.

Conclusions

We found that stability of a frontoparietal network is nega-
tively associated with maternal mid-pregnancy PSE (defined
as a composite distress score of depressive and anxiety symp-
toms). This study adds to the cumulating evidence that fron-
tal brain areas and associated networks are potentially
especially sensitive to PSE. There is a dire need for studies
replicating and extending prior studies in larger sample sizes
to define the clinical relevance of these findings. Similarly,
future research should also be directed toward intervention
efficacy in pregnant mothers to uncover best strategies for
potential harm mitigation.
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